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Abstract

This study aimed to investigate the effect of double oscillation
exercise combined with elastic band exercise on the strength and
thickness ratio of the scapular stabilizing muscles in healthy
young individuals. A total of 30 subjects (17 male, 13 female)
were randomly assigned to an elastic band exercise group (EBG)
(n = 15) or an elastic band plus double oscillation exercise group
(EB-DOG) (n = 15). A total of 28 subjects completed the exper-
iment and evaluation. Patients in the EBG performed the elastic
band exercise for shoulder flexion, extension, abduction, adduc-
tion, horizontal abduction/adduction, and internal/external rota-
tion for 30 minutes/session, five times/week, for four weeks.
Patients in the EB-DOG performed the elastic band exercise for
15 minutes and the double oscillation exercise in three planes of
motion (frontal, sagittal, and transverse), using a Bodyblade®
for 15 minutes/session, five times/week, for four weeks. Shoul-
der muscle strength was assessed using a manual muscle test
device during maximal voluntary isometric contraction (MVIC),
while the thicknesses of the scapular stabilizing muscles were
assessed using rehabilitative ultrasound imaging both at rest and
during MVIC. Both groups had significant effects on shoulder
muscle strength, however, there was no significant difference
between the two groups for change value of shoulder muscle
strength (Bonferroni correction p < 0.005). Significant differ-
ences were observed in the group x time interactions for hori-
zontal abduction, external rotation, and protraction. There was a
statistically significant improvement in thickness ratio of LT and
SA in the EB-DOG and no significant difference was founded in
EBG (Bonferroni correction p < 0.006). In comparison between
the two groups, EB-DOG showed a significant change in the
thickness ratio of LT compared to EBG. In addition, significant
differences were observed for the group x time interactions for
the thickness ratio of the LT (F = 12.177, P = 0.002; Bonferroni
correction p < 0.006). The double oscillation exercise combined
with elastic band exercise more effectively increased the thick-
ness of the shoulder stabilizing muscles compared with the
resistance exercise alone.

Key words: Shoulder stabilizer, rotator cuff, oscillation exercis-
es, upper extremity, muscle strength, ultrasonography

Introduction

The shoulder complex is a region of frequent movement.
For this reason, it is vulnerable to structural changes and
can be easily injured (Lippitt and Matsen, 1993). Muscle
imbalances can cause structural changes and movement
deficits. Muscle balance signifies that the antagonist and

agonist muscles surrounding a joint have reciprocal and
balanced strength, endurance, and power (Kang et al.,
2014). Strengthening exercises are effective for functional
recovery and are a common therapeutic approach to im-
prove muscle balance (Magarey and Jones, 2003).

The shoulder complex consists of prime movers
such as the upper trapezius (UT), pectoralis major (PM),
and middle deltoid (MD), and these muscles are often
targeted in training programs to increase muscle power
and hypertrophy (Kolber et al., 2009). However, the scap-
ular stabilizing muscles, including the lower trapezius
(LT), serratus anterior (SA), supraspinatus (SS), infrasp-
inatus (IS), and the rhomboid muscle (RM), have been
found to have impaired balance with respect to the gleno-
humeral prime movers in patients with subacromial im-
pingement syndrome (Chester et al., 2010). Scapular
stabilizing muscles assist in keeping the glenohumeral
joint in place and play an important role in glenohumeral
motion and dynamic stability of the shoulder joint (Hess,
2000).

Resistance exercise is the most common and effec-
tive exercise for strengthening the shoulder stabilizing
muscles (Cardoso de Souza et al., 2009). A Thera-Band®
or dumbbells that increase muscle strength through in-
creasing external force are often used for resistance exer-
cise (Andersen et al., 2010). The Bodyblade® has been
used as a double oscillation device to evaluate and train
muscle power, coordination, endurance, strength, in-
tensity, and stabilization in athletes and the general pop-
ulation (Available at: https://www.bodyblade.com/pages/
physical-effects). Moreover, the vibration that is generat-
ed through the oscillation exercise is effective in improv-
ing muscle strength and endurance (Luo et al., 2005;
Verschueren et al., 2004). Previous studies have shown
that double-oscillation exercises using the Bodyblade®
have a significant effect on activation of the UT, LT, and
SA scapular muscles, rather than resistance exercises
using cuff weights or the Thera-Band® (Lister et al.,
2007). However, another previous study reported that 8
weeks of oscillation exercises had no significant effect on
muscle strength improvement in the control or elastic
band groups (Sugimoto and Blanpied, 2006). The effects
of oscillation exercises are still unclear, and randomized
controlled trial studies with oscillation exercises are
scarce.

Most previous studies have reported the effects of
upper limb training, including oscillation exercises,
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through electromyographic studies (Arora et al., 2013;
Hallal et al., 2011; Lister et al., 2007). However, meas-
urements of muscle morphology, such as muscle thick-
ness, or a cross-sectional area measurement during a con-
traction or a task, are considered an indirect measure of
muscle function (Teyhen and Koppenhaver, 2011). Reha-
bilitative ultrasound imaging measurements of the thick-
ness of scapular stabilizing muscles (Schneebeli et al.,
2014; Talbott and Witt, 2014) and shoulder prime movers
(Bhansing et al., 2015; O'Sullivan et al., 2009) by physi-
cal therapists are considered reliable assessments. Alt-
hough ultrasound imaging is an important measure to
assess shoulder muscle function, there has been a lack of
research to date on the effect of structural changes to
muscle using oscillation exercises.

Therefore, the aim of this study was to investigate
the effects of upper body double oscillation exercises on
scapular stabilizing muscle strength and thickness ratio.
Our hypothesis was that oscillation exercises, in combina-
tion with general resistance exercises, may have a greater
effect on the strength and the thickness ratio of shoulder
stabilizing muscles than resistance exercise alone. In
addition, we aimed to demonstrate the effect of applying
oscillation exercises to a general shoulder resistance exer-
cise, and suggest a more effective method for shoulder
strengthening training.

Methods

Participants

Thirty healthy staff members (15 men and 15 women)
from Myongji Choonhey Rehabilitation Hospital in Seoul,
Republic of Korea, volunteered to participate in this
study. The inclusion criteria were: (1) no history of shoul-
der surgery or a recurring shoulder problem; (2) no acute
shoulder injury; and (3) no history of participating in any
formal upper body or shoulder strengthening exercise
program during the previous 6 months. Two participants
(one man, one woman) failed to complete the study be-
cause they participated in < 80% of the sessions. The
average age, weight, and height of the participants were
29.29 + 3.40 years, 65.32 + 10.64 kg, and 167.93 £+ 7.02
cm, respectively. The general characteristics of the partic-
ipants are described in Table 1. The study protocol was
approved by the institutional review board of Sahmyook

University (SYUIRB2015-124) in Seoul and the World
Health Organization International Clinical Trials Registry
Platform (KCT0001904). The participants provided writ-
ten informed consent after receiving verbal and written
information about the study.

Measurements

Shoulder muscle strength

The participants’ shoulders were examined for flexion,
extension, abduction, adduction, horizontal abduc-
tion/adduction, internal/external rotation, and protraction,
using a handheld dynamometer (Roy et al., 2009). The
maximal voluntary isometric contraction (MVIC) of the
shoulder muscles on each participant’s dominant side was
measured using a manual muscle tester (model 11001163;
Lafayette Instruments, Leicis, England). The dominant
arm was determined through a questionnaire consisting of
questions such as “Which hand do you prefer to use for
this activity?” and “Do you ever use your other hand for
this activity?” The participants were positioned in the
sitting, prone, or supine position for the measurements,
and stability was provided using the measurer to isolate
the joint motion. Measurement positions and descriptions
of each muscle are depicted in Table 2. The participants
performed one practice trial and three test trials in each of
the three test positions. Each trial consisted of a 3-second
MVIC, and a 30-second rest period was provided between
trials. The average MVIC of the three trials was used as
the criterion measure. The examiners and participants
were blinded to the test results during the strength testing.
Shoulder strength was evaluated before and after the
intervention. To minimize the effect of post-training fa-
tigue, the post-test was performed three days after the
training.

Table 1. General characteristics of the participants. Values
are means (£SD).

EBG EB-DOG p

Sex (M/F) 8/6 9/5 704
Age (years) 29.0 (3.6) 29.6 (3.3) 665
Height (m) 1.68 (.08) 1.68 (.06) 915
Weight (kg) 64.9 (9.8) 65.8 (11.8) 882
BMI (kg-m?) 21.8 (1.9) 22.1 (3.0) 754

EBG: elastic band exercise group; EB-DOG: elastic band plus double
oscillation exercise; M: male; F: female; BMI: body mass index; SD:
standard deviation.

Table 2. Conditions for measuring shoulder joint muscle strength using a hand held dynamometer.

MVIC task Posture  Limb posture Dynamometer position
. 0° shoulder flexion, 0° abduction, .
Flexion Seated elbow slightly bent, forearm in noutral Distal lateral humerus supracondylar crest
Extension Seated OSatedulder ﬂ.ex10n, Ui abd}l ction, Above the olecranon
0° elbow flexion, forearm in neutral
Abduction Seated 90ated0glder abdgctlon, clbow slightly bent, Distal lateral humerus supracondylar crest
forearm in pronation
Adduction Seated Ogatedulder ﬂ.ex1on, L abdpcﬂon, . Distal medial humerus supracondylar crest
0° elbow flexion, forearm in pronation
Horizontal abduction Prone ?0 shou} der abdgctlon, elbow slightly bent, Above the olecranon
orearm in pronation
3 : -
Horizontal adduction Supine o shou_lder abdgctlon, sllvzs Gy l52m; Distal lateral humerus
forearm in pronation
Internal rotation Seated 45° shoulder flexion, 135° elbow flexion Styloid process of the ulna
External rotation Seated 45° shoulder flexion, 135° elbow flexion Styloid process of the ulna
Protraction Seated 90° shoulder flexion, elbow full extension 2nd~3rd proximal interphalanges

MVIC: maximal voluntary isometric contraction.
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Table 3. The measurement position and method for scapular stabilizing and shoulder large muscles.

Posture Transducer position Image
Upper trapezius  Prone Spinous process at the level of C6 Triangular shaped medial portion of the muscle
Lower trapezius  Prone Spinous process at the level of T8 Medial portions of the muscle belly
. . . Superior to the peak convexity of the most Between the superior and inferior echogenic
Serratus anterior  Side-lying . . A
distal rib fascial lines
Supraspinatus Seated Center of the supraspinous fossa gl i .angle e by. ke
muscular fascia of the supraspinatus
Infraspinatus Seated Center of the infraspinous fossa Zem from the .angle for_med b}_/ the superior
muscular fascia of the infraspinatus
(Ceimraiimolineg Lol thhe i Vertical length between the inferior echogenic
. . T2 to the root of the scapular spine and the 1 . 2
Rhomboid major Seated . . fascial line of the trapezius and the superior line
middle of the line from TS to the scapular .
PN of the posterior serratus
inferior angle
. . Between third and fourth of costa under the Between the subcutaneous adipose tissue—
Pectoralis major  Stood . L . .
clavicle midpoint muscle interface and the muscle—bone interface
Middle deltoid Seated Superior surface of the ACTOMION process of ~ Quarter of the distance from acromion to the

the scapula

lateral epicondyle

Side-lying: Side-lying with shoulder supported in 90° flexion

Shoulder prime mover and stabilizing muscle thick-
ness ratio

The thickness of the shoulder prime movers (UT, PM, and
MD) and stabilizers (LT, SA, SS, IS, and RM) were
measured using real-time B-mode ultrasonography
(MYSONO US, Samsung Medicine, Seoul, Korea) with a
7.5-MHz linear transducer. Muscle thickness was meas-
ured at rest and during MVIC, and the resistance position
and direction were determined using the method defined
in the manual muscle test, according to the action of each
muscle. Muscle thickness was measured 3 times at rest
and 3 times during MVIC, and the average thickness
value and thickness ratio were calculated. The formula
that was used to obtain standardized thickness ratios is
shown below.

Mean thickness during MVIC

Thickness ratio =
Mean thickness at rest

The participants were positioned in the prone, side-
lying, sitting, or standing position for ultrasound imaging
of each shoulder muscle. The measurement positions, the
transducer position, and the descriptions of ultrasound
images for each muscle are described in Table 3. The
muscle thickness of UT (O'Sullivan et al., 2009), PM
(Abe et al., 2000, Yasuda et al., 2010), and MD
(Bhansing et al., 2015) was measured as a shoulder prime
mover, and the muscle thickness of LT (O'Sullivan et al.,
2007), SA (Talbott and Witt, 2013), SS (Schneebeli et al.,
2014), IS (Koppenhaver et al., 2015), and RM (Jeong et
al., 2016) was measured as a shoulder stabilizing muscle.
The measured ultrasound image of each muscle corre-
sponds with Figures 1 to 8. When measuring muscle
strength and muscle thickness, measurements were ob-
tained after a sufficient rest period between each meas-
urement in order to minimize the potential effect of mus-
cle fatigue.

Intervention

After the pretest, participants were randomly assigned to

the elastic band exercise group (EBG) or the elastic band

plus double oscillation exercise group (EB-DOG).
Participants in the EBG performed the strengthen-

ing exercise using a flexible elastic band on the dominant

junction

Contraction

Figure 1. Ultrasound images of the right upper trapezius
muscle at the level of C6 at rest and during MVIC. MVIC:
maximal voluntary isometric contraction.

upper limb for 30 minutes per session, five times a week
for four weeks. The extra heavy type (blue color) of The-
ra-Band® (TheraBand, Hygenic Corporation, Akron, OH,
USA) provided the elastic band resistance. The length of
the Thera-Band® was held at a constant 1.52 meters.
Each session consisted of warm-up and cool-down
stretching and strengthening exercises. The training pro-
gram consisted of both dynamic and isometric sets of
shoulder flexion, extension, abduction, scapular plane
shoulder abduction (scaption), internal rotation, and ex-
ternal rotation. For the dynamic exercises, the participants
performed two-second concentric contractions and two-
second eccentric contractions according to each action.
The length of the elastic band was adjusted according to
the amount of resistance the participant felt “to a degree
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that is somewhat challenging.” As the muscle strength of
the participant increased, the amount of resistance was
progressively increased by shortening the band length.
For the static exercises, the participants were asked to
hold the band for three seconds while maintaining the
appropriate elastic band length at each defined position.
The participants were also instructed to relax the non-
training limb during the training to limit any mirroring
activity of the non-trained limb.

Contraction

Figure 2. Ultrasound images of the lower trapezius muscle at
the level of T8 at rest and during MVIC. MVIC: maximal volun-
tary isometric contraction.

Participants in the EB-DOG performed resistance
exercises using a Thera-Band® for 15 minutes and double
oscillation exercises using a Bodyblade® (Mad Dogg
Athletics, Venice, CA, USA) for 15 minutes, both using
the dominant upper limb, five times a week for four
weeks. The double oscillation device used in this study
was a polycarbonate flexible blade (Bodyblade®) device
120 cm in length, weighing 0.68 kg, with a handgrip in
the center (Bodyblade® Web site. Available at:
http://www.bodyblade.com). The participants performed
the oscillation exercise on each frontal, sagittal, and
transverse plane with flexion of the shoulder to 90° and
elbows extended, while firmly holding the flexible blade
bar. The double oscillation exercises included mediola-
teral oscillations in the frontal plane (Figures 9-A), dorso-
ventral oscillations in the sagittal plane (Figure 9-B), and
superior and inferior oscillations in the transverse plane
(Figures 9-C). With only minimal effort, the two ends
began to oscillate at a fixed rate with a natural frequency
of 4.5 Hz. For the oscillating movements in the frontal
and transverse planes, the wrist and elbow were held
steady (isometrically held) with movement initiated using
the shoulder. Moving the Bodyblade® in the sagittal
plane involved small flexion and extension movements at
the elbow and shoulder.
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Figure 3. Ultrasound images of the serratus anterior muscle
at rest and during MVIC. The rib was used as a reference
for measurement of the serratus anterior. The vertical yel-
low lines, spaced out to incorporate the apex of the rib, were
drawn from the rib to the superior fascial border of the
serratus anterior. MVIC: maximal voluntary isometric contraction.
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Figure 4. Ultrasound images of the supraspinatus muscle at
rest and during MVIC. The point of 2 cm from the angle
formed by the superior muscular fascia of the supraspinatus
was measured. Yellow lines represent the method for off-line
supraspinatus muscle thickness measurement. MVIC: maximal
voluntary isometric contraction.
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Figure 5. Ultrasound images of the infraspinatus muscle at
rest and during MVIC. The ultrasound images were taken
from the inferior-most aspect of the superficial fascia to the
most superior aspect of the infraspinous fossa, which ap-
peared as a bright, continuous hyperechoic line spanning the
width of the screen.MVIC: maximal voluntary isometric contraction.

Statistical analysis

The statistical analysis was performed using SPSS ver.
21.0 (SPSS for Windows; SPSS Inc., Chicago, IL, USA).
The Shapiro-Wilk test was used to confirm the normal
distribution of the outcome variables. Groups were com-
pared at baseline using t-tests for the independent samples
for continuous variables and Chi-squared tests for cate-
gorical data. All outcome variables were normally distrib-
uted. For intergroup comparison of intervention effects, a
paired t-test was performed on the pretest value and on
the posttest value. For comparison of the intervention
effects between the two groups, an independent t-test was
performed on change variables that subtracted the pretest
value from the posttest value. We chose to use a repeated-
measures analysis of variance with an inter-subject factor
at two levels (the two groups) and an intra-subject factor
at two levels (pre-intervention and post-intervention). The
group and time interaction determined the efficacy of the
double oscillation exercise on the outcome measures. For
all tests, statistical significance was set at 0.05. To ac-
count for multiple testing, we used the Bonferroni correc-
tion and considered significance achieved when p <
0.05/9 = 0.005 for shoulder muscle strength. We also used
the Bonferroni correction for the shoulder muscle thick-
ness ratio and considered significance was achieved when
p < 0.05/8 = 0.006. The Bonferroni correction, which
lowers the critical P values for each particular test, based
on the number of tests to be performed, is frequently used
to reduce problems associated with multiple comparisons
(Cabin and Mitchell, 2000).

Results

A summary of the 28 participants’ general characteristics
is shown in Table 1. No significant differences in baseline
values were observed between the EBG and the EB-DOG.
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Figure 6. Ultrasound images of the rhomboid major muscle
at rest and during MVIC. Ultrasound images of the rhom-
boid major muscle located between the trapezius and poste-
rior serratus muscles. The thickness can be examined as the
vertical length between the inferior echogenic fascial line of
the trapezius and the superior line of the posterior serratus.
MVIC: maximal voluntary isometric contraction.

Contraction

Figure 7. Ultrasound images of the pectoralis major muscle
at rest and during MVIC. Thickness was measured at each
aspect of distance between superficial and deep aponeurosis.
MVIC: maximal voluntary isometric contraction.
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Table 4 compares shoulder strength between the
two groups. Following four weeks training, there was a
statistically significant improvement in the EB-DOG in
flexion, extension, abduction, adduction, horizontal ab-
duction, external rotation, internal rotation, and protrac-
tion (Bonferroni correction p < 0.005). In the EBG, statis-
tically significant improvements were identified in flex-
ion, extension, horizontal abduction, horizontal adduction,
external rotation, internal rotation, and protraction (Bon-
ferroni correction p < 0.005). However, there was no
significant difference in the change value of shoulder
muscle strength between the two groups. Both groups
showed a main effect of time on flexion (F = 36.663, p <
0.000), extension (F = 38.938, p < 0.000), abduction (F =
31.175, p < 0.000), adduction (F = 21.018, p < 0.000),
horizontal abduction (F = 36.639, p < 0.000), horizontal
adduction (F = 23.210, p < 0.000), external rotation (F =
70.695, p < 0.000), internal rotation (F = 120.223, p <
0.000), and protraction (F = 57.144, p < 0.000). However,
no significant differences were observed for the group X
time interactions.

Table 5 compares the muscle thickness ratio of the
shoulder prime movers and shoulder stabilizing muscles
between the two groups. There was a statistically signifi-
cant improvement in the thickness ratio of LT and SA in
the EB-DOG and no significant difference was found in
the EBG (Bonferroni correction p < 0.006). In compari-
son between the two groups, the EB-DOG showed a sig-
nificant change in the thickness ratio of LT compared to
the EBG. Both groups showed a main effect of time on
shoulder thickness ratio of the SA and PM (Bonferroni
correction p < 0.006). In addition, significant differences

were observed for the group x time interactions for the
thickness ratio of the LT (F = 12.177, p = 0.002; Bonfer-
roni correction p < 0.006).

Superfici -
aponeliros I'hickness

.

Humeral head =

Superficial _%
ApoONErosis

|
Il'hi\'knu_»:\

Apex =

Humeral head

Contraction

Figure 8. Ultrasound images of the middle deltoid muscle at
rest and during MVIC. Thickness was measured at a quar-
ter of the distance from the acromion to the lateral epicon-
dyle. MVIC: maximal voluntary isometric contraction.

Figure 9. The double oscillation exercises included mediolateral oscillations in the frontal plane (A), dorsoven-
tral oscillations in the sagittal plane (B), and superior and inferior oscillations in the transverse plane (C). Par-
ticipants performed a double oscillation exercise by holding the middle portion of the flexible bar firmly with

the flexion of the shoulder to 90 ° and elbows extended.

Discussion

In shoulder joints with a large range of motion, the shoul-
der stabilizing muscles surrounding the shoulder joint
allow for proper kinematic function and are important in
preventing pain and injury (Johnson and Pandyan, 2005).
Oscillation exercise is effective in strengthening the
shoulder stabilizing muscles and is widely used as a
method to improve the physical capacity of the shoulder

(Schulte and Warner, 2001). Vibration can be applied
directly to muscles and tendons via specific stimulators,
vibration platforms, oscillation poles, or blades (Jordan et
al., 2005; Shinohara, 2005). Unlike other types of vibra-
tion training, training using oscillation poles uses a low
frequency of approximately 4.5 Hz and, while vibration
does not produce external forces, it does produce muscle
contractions (Anders et al., 2007; Moreside et al., 2007).
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Table 4. Comparison of the shoulder strength between the EBG and EB-DOG (Units: 1b).
EBG EB-DOG F(p) for F(p) fo'r
Pre-test Post-test  Change Pre-test Post-test Change time factor group x t.lme
interaction
Flexion 32.1(9.6) 37.3(9.9* 6.5(51) 33.8(11.4) 404 (11.8)* 52(52) 36.663 (.000)F 442 (.512)
Extension  31.6(6.2) 37.6(8.4)* 59(54) 32.6(9.0) 385 (9.7)* 6.0 (4.7)  38.938 (.000) ¥ .003 (.960)
Abduction 36.2(38.7) 38.7(10.1) 4.5(3.6) 37.9(11.3) 41.8(11.)* 25(29) 31.175(.000) f+ 2.516 (.125)
Adduction 40.1(14.5) 45.8(14.0) 6.9 (7.3) 41.3(135) 482(16.0)0* 5.7(7.3) 21.018(.000) .189 (.667)
H-ABD 25.9(6.5) 28.8(5.6)* 6247 265(72) 32.8(9.8)* 33.0(3.2) 36.639(.000) T 4.564 (.042)
H-ADD 22.5(59) 273(7.7)* 7.8(89) 24.1(6.5) 31.9(12.8) 4.8(4.1) 23.210(.000) T  1.350 (.256)
ER 28.4(8.3) 31.0(83)* 43(223) 288(85 33.009.6)* 2.5(2.0) 70.695 (.000) T  4.606 (.041)
IR 29.7(8.9) 32.6(85* 42(1.7) 29.6(89) 33.8(9.5* 2.9 (1.8) 120.223 (.000)T  3.832 (.061)
Protraction 33.7 (6.8) 38.1(6.7)* 7.8(5.4) 33.7(83) 41.5(8.6)* 44(2.8) 57.144(.000) + 4.517 (.043)

Values are described mean + SD. * Bonferroni correction p < 0.005 for within-group differences. { Bonferroni correction p < 0.005 for time factor.
EBG: elastic band exercise group; EB-DOG: elastic band plus double oscillation exercise group; H-ABD: horizontal abduction; H-ADD: horizontal

adduction; ER: external rotation; IR: internal rotation.

Table 5. Comparison of the muscle thickness for shoulder prime mover and stabilizing muscles between the EBG and EB-

DOG (Units: cm).

EBG EB-DOG F(p) for
F(p) for .
Pre-test  Post-test Change Pre-test Post-test Change time factor group x t.lme
interaction
Upper trapezius 1.42 (.19) 1.51(.17) .08 (.23) 1.40(.24) 1.51(.19) .11(14)  7.502(.011) 158 (.694)
Lower trapezius 1.53 (.36) 1.42(.22) -.11(.33) 1.47(.19) 1.69 (.22)* 21(12)f 1.275(269) 12.177 (.002)]
Serratus anterior 1.28 (.12) 1.40 (.18) .12(.15) 1.29(.09) 1.53 (.22)* .23 (.24) 21.352(.000)f  2.218 (.148)
Supraspinatus 1.36 (.16) 1.32(.12) -.03 (.13) 1.37(24) 1.33(14) -.03(22) 1.139(.296) .003 (.955)
Infraspinatus 141 (.15)  1.37(22) -.03(.17) 1.37(.12) 1.40 (.10) .03 (.13) .006 (.938) 1.617 (.215)
Rhomboid major  1.53 (.30) 1.56 (.27) .02 (.16) 1.50(.22) 1.63 (.27) .12(.33) 2.254(.145) .956 (.337)
Pectoralis major  1.24 (.11) 1.38(20) .13(.22) 1.30(.15) 1.45(.15)  .15(.18) 13.437 (.001)} .022 (.883)
Middle deltoid 1.36 (21) 1.40(.23) .04(.22) 1.47(.19) 1.56 (29) .09 (20) 2.618(.118) .374 (.546)

Values are described mean = SD. *Bonferroni correction p < 0.006 for within-group differences. TBonferroni correction p < 0.006 for between group
differences of change value (post value minus pre value). TBonferroni correction p < 0.006 for time factor. {Bonferroni correction p < 0.006 for group
x time interaction. EBG: elastic band exercise group; EB-DOG: elastic band plus double oscillation exercise group.

Lister et al. (2007) investigated the EMG of the
UT, LT, and SA when using the Bodyblade®, Thera-
Band®, and cuff weights during shoulder flexion and
abduction, and found that the Bodyblade® resulted in
significantly higher scapular activity as compared with
the other two exercises. In another EMG study, it was
reported that the muscle activity of the UT, LT, and MD
was significantly higher when using oscillatory poles than
when using non-oscillatory poles (Hallal et al., 2011).
Similarly, Arora et al. demonstrated that the Bodyblade®
exhibited greater trunk and shoulder muscle activation,
particularly in the transverse plane, than did the Thera-
Band®'s flex bars (Arora et al., 2013). In addition, Parry
et al. (2012) found that the Bodyblade® Pro produced
greater deltoid, IS, SA, pectoralis major, erector spine
activity than using the dumbbell trials. EMG activity for
the Bodyblade® Pro exceeded 50% of the MVIC during
both shoulder flexion and abduction. These EMG studies
demonstrated that the muscle activity of the shoulder
stabilization muscles was significantly higher than that of
the other resistance exercises (e.g., elastic band exercise,
dumbbell exercise) when oscillation exercises were per-
formed using the Bodyblade® during shoulder flexion
and abduction. This is similar to the training method of
this study, in which the wrist and elbow were minimally
moved (isometrically held) and movement was initiated
from the shoulder. Moreover, the strategy of training on
three planes (sagittal, frontal, transverse plan) during
flexion and abduction of the shoulder is similar to that of
Arora et al. (2013). In this study, the significant effect of

the SA and LT thickness ratio, which are both representa-
tive stabilizing muscles, in the oscillation group demon-
strated that oscillation exercise is more effective in chang-
ing the muscle structure of shoulder stabilizing muscles
than shoulder prime movers. Because both groups per-
formed resistance training using an elastic band, both
groups showed significant differences in changes in mus-
cle strength of shoulder prime movers and shoulder stabi-
lizing muscles, but the results of the comparison between
the two groups were not significant. Sugimoto and
Blanpied reported that 40 young adults performed internal
and external rotation exercises for eight weeks using the
Bodyblade® and showed no significant increases in mus-
cle strength, as compared with the control and elastic
band groups (Sugimoto and Blanpied, 2006). In the pre-
sent study, the oscillation exercises focused on the inter-
nal/external rotation of the shoulder with the elbow
flexed, which differs somewhat from the oscillation exer-
cise method of previous studies. Therefore, it is difficult
to determine the oscillation effect solely based on these
results, and it remains necessary to prove the effective-
ness of the oscillation training method and establish an
effective protocol.

The Bodyblade® with a flexible pole, used in the
oscillation exercise in this study, requires body support to
firmly fix the upper limb while generating the vibration.
For the oscillation to be realized at a natural frequency,
movements of the participant’s trunk and proximal arm
should be minimized (Sanchez-Zuriaga et al., 2009).
Moreover, scapulothoracic stability plays an important
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role in the process of transmitting the force from the low-
er limb and trunk to the upper limb during oscillation
(Kibler and McMullen, 2003; Matias and Pascoal, 2006).
As the arm is elevated, the scapula is upwardly rotated
and posteriorly tilted; at the same time, the SA muscles
play a stabilizing role to maintain congruency with the
thorax (Solem-Bertoft et al., 1993). The LT provides
stability to the thorax and is most active in horizontal
abduction with external rotation movements since its
movement causes the external rotation, posterior tilt, and
depression of the scapula (Neumann, 2002). These results
may be attributable to activation of the stabilizing muscles
in order to overcome the external load during the oscilla-
tion exercise. Therefore, the LT and SA, which are among
the scapular stabilizing muscles that maintain scapular
position, play an important role, and structural changes in
these muscles are natural outcomes of the oscillation
exercise.

The shoulder stabilizing muscles (LT, SA, SS, IS,
and RM) surrounding the shoulder play a critical role in
shoulder stability. Of the shoulder stabilizing muscles, SA
originates at the outer surface of the upper eighth or ninth
rib and inserts along the medial scapular border. The SA
protracts and stabilizes the scapula and plays an important
role in its upward rotation, such as when a weight is lifted
overhead. It performs this function in parallel with the
upper and lower fibers of the trapezius (Yoo, 2014).
Moreover, the inferior and superior parts of the SA and
RM act as synergists and keep the scapula pressed against
the thorax. One of the other muscles that contributes to
shoulder joint stability, the rotator cuff (which includes
the IS and SS), provides dynamic stability by compress-
ing the humeral head within the concave glenoid fossa
during upper extremity motions (Wilk and Arrigo, 1993).
In this way, the rotator cuff stabilizes the glenohumeral
joint, controls humeral head translation, and performs
multiple functions including shoulder abduction, internal
rotation, and external rotation. The IS and SS muscles
play significant roles in scaption (Escamilla et al.,
2009), while the SS is more effective in general shoulder
abduction because of its moment arm. The results of this
study, in which only SA and LT structural changes had a
significant effect, show that SA and LT play a prominent
role in shoulder stability. However, since the other shoul-
der stabilizing muscles work together to contribute to
shoulder stability, training protocols for oscillation exer-
cises that can strengthen the shoulder stabilizing muscle
in a balanced manner are needed.

Our study has some limitations. First, according to
the study design, participants in the EB-DOG performed
both resistance and oscillation exercises. Therefore, the
oscillation exercises and resistance exercises cannot be
compared separately because the effects of the two exer-
cises are mixed, and the individual effects of the oscilla-
tion versus resistance exercises could not be demonstrat-
ed. Second, the absolute oscillation amplitude and elastic
band load were not exactly matched between participants
because the participants had various abilities. Third, only
28 healthy young adults were included; therefore, it is
difficult to generalize our findings to all patients with
shoulder problems. Fourth, this study was conducted on a

specific occupational group; therefore, it is difficult to
generalize the results of this study to all healthy adults of
the same age group.

Conclusions

The double oscillation plus elastic band exercises signifi-
cantly affected the thickness ratio of the shoulder stabiliz-
ing muscles. Therefore, we consider the combination of
resistance and oscillation exercises may be more effective
on structural changes of the shoulder stabilizing muscles
than resistance exercise alone.
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Key points

e The double oscillation plus elastic band exercises
significantly affected the thickness ratio of the
shoulder stabilizing muscles.

e The combination of resistance and oscillation exer-
cises may be more effective on structural changes of
the shoulder stabilizing muscles than resistance exer-
cise alone.

e Double oscillation exercises in the upper limb are
effective in improving shoulder stability.
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