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Abstract  This study was intended to inspect the
influence of scapular stabilization exercises accompanied
by spine stabilization exercises using an unstable surface
on muscle activity in subjects with scapular winging.
Thirty subjects with scapular winging participated in the
experiment. The subjects were randomly divided into two
groups. One group performed scapular stabilization
exercises accompanied by spine stabilization exercises on
an unstable surface, whereas the other group performed
only scapular stabilization exercises. In order to study the
influence of the intervention, the muscle activity around
the shoulder was measured. According to the experimental
results, the activation of the lower trapezius muscle and
serratus anterior muscle increased significantly in both
groups after intervention. The muscle activities of the
lower trapezius and serratus anterior in the control group
were not as high as those in the experimental group.
Moreover, the muscle activities of upper trapezius and
pectoralis major decreased significantly in both groups
after the exercise interventions, but no significant
difference was observed between the two groups. As a
result, the scapular stabilization exercises that are widely
used in clinical practice were shown to increase lower
trapezius and serratus anterior activities. Moreover, a

combination of such exercises with spine stabilization
exercises on an unstable surface was shown to confer
greater benefits than scapular stabilization exercises alone
and is thus recommended.

Keywords Wining Scapular, Scapular Stabilization
Exercise, Spine Stabilization Exercise, Serratus Anterior

1. Introduction

The shoulder joint is the joint with the strongest mobility
and the highest risk of injury [1]. Scapular dysfunction,
which includes scapular winging, causes pain and shoulder
dysfunction [2]. By breaking the scapulohumeral rhythm,
scapular winging can cause flexion and abduction
limitations, upper limb strength loss, as well as
considerable pain [3].

There are two common causes for scapular winging. The
first is a problem with nerves, which makes it difficult to
actively bend the shoulders more than 120°. The second
cause is serratus anterior muscle weakness. This muscle
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plays a major role in the upward rotation of the scapula. It
is related to scapular alignment, functional movement, and
normal scapulohumeral rhythm [4]. Motion of the scapula
is inseparable from the involvement of the serratus anterior,
such as posterior tilt, upward rotation, and protraction [5].
If this muscle is weak, it is an important cause of
glenohumeral joint impingement, shoulder pain, and
scapular winging [4,6]. Therefore, the serratus anterior
muscle is the key in therapeutic exercise programs to
prevent and restore scapular winging [7].

In the past, it was thought that the overall weakening of
scapulothoracic musculature was the cause of abnormal
movement of the shoulder and scapula. However, many
people now believe that the imbalance of scapular muscle
activity is the reason for abnormal scapular movement and
scapular pathology [8]. If shoulder dysfunction is the
reason for the imbalance of scapulothoracic muscle activity
[9], therapeutic exercise should decrease the activity level
of the compensatory muscle and increase the activation of
the serratus anterior muscle [8]. The imbalance of
scapulothoracic musculature will cause abnormal scapular
kinematics and tipping [10,11].

In particular, when the shoulder flexes, the
overactivation of the upper trapezius muscle and reduction
of the lower trapezius and the serratus anterior may be an
important reason for scapular winging and abnormal
scapulohumeral rhythm [4]. During scapular protraction,
compensatory replenishment of pectoralis is majorly due to
serratus anterior’s weakness in patients who had scapular
winging [12]. Therefore, the use of therapeutic shoulder
recovery exercises can selectively increase serratus
anterior and lower trapezius muscle activities while
minimizing pectoralis major and upper trapezius muscle
activities.

Exercise may be an effective choice for correcting
scapular position and improving scapular muscle
performance to relieve other symptoms and pain [13]. In
order to determine which exercise can most effectively
induce serratus anterior muscle activation to treat scapular
winging, including scapular stabilization exercises and
kinetic chain exercises, but these exercises have already
been included in the shoulder rehabilitation plan [12].
Scapular stabilization exercises can enhance the activity
and stability of scapula muscle to reduce related pain,
maintain proper muscle position, and other symptoms [ 14—
16]. Some studies have shown that scapular stabilization
exercises not only improve the performance and control of
the scapular muscles but also the position of the scapula
[14-17]. This method of improving winged scapular
posture has been studied by many researchers. Spine
stabilization exercise can not only stabilize the shoulder,
spine, and pelvis but also provide a basis for the movement
of limbs by exercising different muscles [18]. To further
increase muscle activity during exercise, clinicians
commonly instruct patients to perform the exercises on an
unstable base of support. Many studies have shown that the

instability created by an unstable surface increases the
demands on the neuromuscular system, thereby increasing
muscle activity and improving the stability of the proximal
joints and trunk [19,20]. Biscarini et al. [21] found that
compared with training on a stable surface, performing
spinal stabilization exercises on an unstable surface
produced more anterolateral abdominal muscle activity
and increased muscle activation in the shoulder.

Scapular stabilization exercises can enhance the stability
and strength of the muscles surrounding the scapula [14-16]
and prevent upper trapezius and pectoralis major muscle
compensation during scapular protraction due to serratus
anterior weakness [8,12]. Furthermore, spine stabilization
exercises can increase trapezius and serratus anterior
muscle activities in the shoulder joint while exercising the
abdominal and back muscles [21,22]. The combination of
these two types of exercises can further improve scapular
winging. Although many previous studies have
investigated scapular winging, none have directly
compared the effectiveness of scapular stabilization
exercises combined with spinal stabilization exercises
versus scapular stabilization exercises alone. The present
study aimed to inspect the influence of scapular
stabilization exercises accompanied by spine stabilization
exercises using an unstable surface on muscle activity in
subjects with scapular winging.

2. Methods

2.1. Experimental Subjects

The sample size was calculated using G-power software,
with the calculations showing that 30 subjects were
required (power = 0.85, effect size = 1.14, a level = 0.05).
Thirty subjects with scapular winging were thus included
in the study and divided into two groups. Subjects
participating in the experiment were required to read and
sign the university’s approved human consent forms before
participating. The Institutional Review Board of Daegu
University  approved the study (IRB  No.
1040621-202107-HR-021). The inclusion criteria were as
follows: a distance of more than 3 cm between the thoracic
wall and medial border of scapula [23]; and shoulder joint
supination and horizontal adduction within the normal
range of motion [24]. The exclusion criteria were shoulder
pain or dysfunction from the past to the present; a history
of shoulder, back, or abdominal injury; and more than 5
hours of upper limb strength training per week [7].

2.2. Experimental Procedure

2.2.1. Experimental Design

Thirty subjects with scapular winging participated in this
experiment. The subjects were divided into two groups. All
assignments were made randomly. The two exercise
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programs were written on slips of paper, and the subjects
were assigned to each program by drawing lots. The
participants’ serratus anterior, lower trapezius, upper
trapezius, and pectoralis major muscle activities were
measured. The experimental group received 20 minutes of
scapular stabilization exercise and 20 minutes of spinal

stabilization exercise three times a week, lasting for four
weeks. The control group received scapular stabilization
exercises for 40 minutes three times a week, lasting for
four weeks. After the intervention period, the participants’
muscle activity was measured again. (Figure 1)

Selection of Subjects(n=30)

Pre-test after randomized select SA, LT, UT, PM

muscle activities, winging distance

Scapular stabilization exercises
accompanied by spine stabilization

exercises on unstable surface
(A=15)

(40min/dav.3times/week.4weeks)

Scapular stabilization exercises
(n=15)

(40min/day,3times/week, 4weeks)

Post-test after randomized select SA, LT, UT, PM

muscle activities, winging distance

Analysis of date SPSS for window ver.20.0

Figure 1. Experimental design
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2.2.2. Scapular Stabilization Exercises

The scapular stabilization exercises used were taken
from previous studies [25-28], consisting of two two-week
stages, with the first two weeks comprising the first stage,
and the last two weeks making up the second stage. (Figure
2) Thirty-second rest intervals were allowed between the

exercises.

2.2.3. Spine Stabilization Exercises

The spine stabilization exercises used were taken from
previous studies [29]. The spine stabilization exercises also
consisted of two two-week stages—the first two weeks
comprised the first stage, and the last two weeks made up
the second stage. (Figure 3) Thirty-second rest intervals

were allowed between the exercises.

Stage 1

Exercises

Stage 2

Exercises

Upper trapezius
stretching
(30s/3reps)

Upper trapezius
stretching
(30s/3reps)

Teres major
stretching
(30s/3reps)

Teres major
stretching
(30s/3reps)

Pectoralis major
stretching
(30s/3reps)

Pectoralis major
stretching
(30s/3reps)

Wall slide
{20reps/3sets)

Slide-lving wiper
exercise
(20reps/Isets)

Towel slide
(20reps/3sets)

Knee push-up plus
(20reps/Isets)

Supine serratus
punches
(20reps/3sets)

Forward learning
(20reps/3sets)

Scapular retraction
(20reps/3sets)

Chest press
(20reps/Isets)

Y formation
(20reps/3sets)

Dyvnamic hug
(20reps/Isets)

Figure 2. Scapular stabilization exercises
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Stage 1 Exercises Stage 2 Exercises
—
Abdominal Enee flexors
bracing . stretching
(10s/3reps) (10s/3reps)
" Alternate 3 Les s
rising lower o
(10s/3reps) (10s/3rcps)
Hip abduction Hip abduction
with knee flexion with knee extension
(10reps/3reps) {10reps/3reps)
Bridge . Dead bug
(10s/3reps) A (10reps/3reps)
Bridge with one leg
Hip abduction lifting
(10reps/3reps) (10s/3reps)
Hip external
Axm fifting e
(10reps/3reps) A
' (10reps/3reps)
Baclowards leg > Alternated arm
lifting and leg lifting
(10reps/3reps) (10reps/3reps)

Figure 3. Spine stabilization exercises

2.3. Measurement Methods USA). The root mean square (RMS) values of the EMG
data were calculated to quantify the amplitude of the EMG
2.3.1. Electromyography signals

(1) Signal collection and analysis

(2) Normalization
The TeleMyo DTS system was used to convert analog

signals into digital signals, and data processing was done Surface electrodes were placed on the serratus anterior,
using Myoresearch XP 1.08 software (Noraxon Inc., AZ, lower trapezius, upper trapezius, and pectoralis major
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muscles of the dominant hand. The dominant hand was
determined as the hand the participants preferred to use for
eating and writing [30]. The RMS values of the EMG data
were calculated to quantify the amplitude of the EMG
signals using three seconds of the EMG measurements of
the four muscles, excluding the first second and the last
second. The measurements were carried out three times,
and the average values were taken [4]. The Myoresearch
XP 1.08 software was used for data processing.

The EMG activity was normalized by measuring the
maximum voluntary isometric contraction (MVIC) activity
of the muscle. The MVIC value was calculated as the
average RMS of the three measurements. Under manual
resistance, each subject contracted each muscle to the
maximum and held it for five seconds. To avoid fatigue, a
three-minute break was allowed between measurements.
The average EMG activity was expressed as a percentage
of the MVIC value [4]. The measurement method used has
been described in a previous study [11]. For the pectoralis
major, the shoulder was horizontally adducted to 90°, and
resistance was applied to the upper part of the elbow. For
the serratus anterior, the shoulder rotated inward and flexed
to 125°, against the resistance of the elbow. For the upper
trapezius, the right shoulder was lifted, and the participant
turned to face the left so that the occiput behind the right
ear was close to the shoulder. For the lower trapezius, in
the prone position, the participants performed horizontal
shoulder extensions and external rotations and against the
resistance of the elbow.

(3) Placement of surface electrodes

For the serratus anterior, the electrodes for the EMG
measurements were attached below the axillary region,
horizontally at the lower end of scapula. For the lower
trapezius, they were attached to the medial edge of scapula.
For the upper trapezius, they were attached at half the
distance between C7 of the cervical vertebra and acromion.
For the pectoralis major, they were attached at the oblique
angle about 2 cm below the clavicle [31].

(4) Measuring posture

To determine the differences in muscle activity before
and after the exercise interventions, muscle activity
measurements were performed while the participants held
a dumbbell with their dominant hand and flexed their arms
at 120°. The measurement method used was described in a
previous study. When the angle was set to 120°, the
serratus anterior, trapezius, and pectoralis major muscle
activities were displayed [32]. Accordingly, the arm flexed
120° was used as the measurement posture. (Figure 4)

Figure 4. Measuring posture

2.4. Statistical Analysis

The Kolmogorov—Smirnov test was used to evaluate the
normality of the data. The difference before and after
intervention within each group was evaluated by a paired
t-test. The difference between the two groups was
evaluated by an independent t-test. SPSS 20.0 for
Windows was used to perform the statistical analysis. The
level of statistical significance was a = .05.

3. Results

3.1. General Characteristics of the Subjects

Table 1 shows the general physical characteristics of the
subjects. No significant difference was observed in the
general characteristics of the subjects between the two
groups.

Table 1. General characteristics of the subjects(N=30)
EG(n=15) CG(n=15) p
Age(year) 24.40+2.29* 24.13£2.61 .858
Height(cm) 168.60+7.15 170.80+9.99 .063
Weight(kg) 60.53+12.10 65.00+12.55 .684
BMI(kg/m?) 21.1242.73 22.16£3.15 252

EG, experimental group; CG, control group; ‘mean =+ standard
deviation
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3.2. Changes in EMG-measured Muscle Activation
within and between the Groups

The difference in the two groups before and after
intervention was statistically significant. The activities of
the lower trapezius and serratus anterior increased
significantly in the two groups after intervention. The

muscle activities of the lower trapezius and serratus
anterior in the control group were not as high as those in the
experimental group (p < .05). The muscle activities of the
upper trapezius and pectoralis major decreased
significantly in the two groups after interventions, but no
significant difference was observed between the two
groups (p > .05) (Table 2).

Table 2. A comparison for EMG activation of muscle within and between the groups(N=30)
Muscle Group Pre Post t p Between group
EG 27.20+8.82a 43.60+10.33 -13.190 .000* 16.40+4.82
CG 27.26+12.60 35.21+13.28 -11.551 .000* 7.95+2.67
SA (%MVIC)

t 5.946
p .004*

EG 21.26+5.92 28.37+6.74 -5.650 .000* 7.10+4.87

LT CG 20.09+8.42 24.66+8.44 -6.516 .000* 4.58+2.72
( %MVIC) t 1.755
p .049%*

EG 33.92+15.35 25.32+12.92 4.639 .000* 8.59+7.17

uT CG 27.15+10.23 21.3749.08 6.628 .000* 5.78+3.37
( %MVIC) t 1.376
p .106

EG 11.53+5.83 8.68+4.78 5.003 .000* 2.86+2.21

PM CG 7.89+4.77 5.89+3.87 4.772 .000* 2.00+£1.63
(%MVIC) t 1.203
p .104

SA, serratus anterior; LT, lower trapezius; UT, upper trapezius; PM, pectoralis major; EG, experimental group; CG, control group; “mean + standard

deviation; *p< .05
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4. Discussion

Scapular winging is becoming increasingly common.
The aim of the study was to investigate the effects of
exercise on subjects in scapular winging.

The results of the serratus anterior activity showed
significant increases in both groups after the exercise
interventions, although the control group had significantly
less increases than the experimental group. Both groups
executed scapular stabilization exercises. Alizadeh et al.
[14] reported that scapular stabilization exercises enhance
stability and increase the activation of muscles in the
shoulder joint to maintain its proper position. In this study,
the experimental group performed spine stabilization
exercises along with scapular stabilization exercises.
Previous studies have shown that prior to upper limb
flexion, extension exercises and abdominal muscle
contraction to strengthen the abdominal muscles are
requisite for the restoration of the scapular force couple. As
arm lifting may be an unstable activity, the enhanced
stability of the lumbar spine may provide a stable basis for
the scapula’s proper upward rotation. Muscle activation
around the scapula increases with the flexion of the arm
[33,34].

The shoulder rehabilitation program is composed of
proprioceptive scapular stabilization and closed kinetic
chain exercises. However, such exercise programs focus on
the upper limbs and ignore the contributions of the trunk
and lower limbs [35]. Recently, a trend in the rehabilitation
of athletes is the kinetic chain approach, which tends to
combine other body segments to solve shoulder problems
[36-38].

Spine stabilization exercises can stabilize the pelvis,
shoulder, and spine by training different muscles.
Furthermore, it can provide a basis for the movement of
extremities [18]. The muscles that can be trained by spinal
stabilization exercises mainly include the abdominal and
back muscles [39]. All of these muscles are attached to the
spine and thoracolumbar fascia indirectly or directly and
are connected to the lower and upper limbs [40,41]. The
thoracolumbar fascia covers the trunk and plays a key
role—for example, transferring energy and load between
the upper and lower limbs [39,42]. The thoracolumbar
fascia links many muscles, including the trapezius, small
and large rhomboids, and serratus anterior. These muscles
help control the movement transfer of strength and weight,
as well as assign external load to the body [39].

The scapula is connected to other body segments and has
stability [35]. Scapular stabilization forms a kinetic chain
of movement from the pelvis through the trunk to the upper
limbs [43]. The scapula is a pivot used to transfer force and
energy from the trunk and legs to upper limbs [41]. The
scapula and spine stabilizer muscles derive from common
fascial layers. Spine stability exercises can exercise the
back and abdominal muscles. When these muscles contract,
they tighten the thoracolumbar fascia and transfer the stress

to the scapula [44]. Therefore, scapular stabilizer muscles
can be trained and supplied with energy through the
thoracolumbar fascia. The purpose of the scapula and spine
stabilizer muscles is to develop a stabilized foundation for
upper extremity mobility. Thus, spine stabilization
exercises train not only the trunk muscles but also the
scapula stabilizer muscles. In this study, the experimental
group participants performed both scapular stabilization
and spine stabilization exercises. Scapular stabilization
exercises balance the muscles around the scapula, and
spine stabilization exercises provide a stable basis for the
upper limbs and facilitate arm lifting while exercising the
back and abdominal muscles. Spine stabilization programs
include many exercises for the trunk and lower limbs. By
exercising the back and abdominal muscles, the
thoracolumbar fascia contracts and tightens, and the stress
is transmitted to the contralateral scapula. The results of the
present study were consistent with those of Cho et al. [22]
and Biscarini et al. [21], who reported that spine
stabilization exercises increased serratus anterior activity.
Through this mechanism, the experimental group in this
study showed a greater increase in serratus anterior activity
than the control group.

In this study, lower trapezius muscle activity increased
significantly in both groups after the exercise interventions.
The activity in the control group was not as high as that in
the experimental group. Spine stabilization exercises can
strengthen the core muscles. Small core muscles include
the trapezius, latissimus dorsi, and gluteus maximus. Big
core muscles include the transversus abdominis,
diaphragm, and pelvic floor [41]. The lower trapezius can
be strengthened by performing spine stabilization exercises.
Many scapular stabilization exercises are aimed at
increasing lower trapezius activity. In this study, the two
groups both performed scapular stabilization exercises.
The experimental group also performed spine stabilization
exercises based on the scapular stabilization exercises.
This explains the greater lower trapezius activity in this
group.

In this study, upper trapezius muscle activity decreased
significantly in both groups after the exercise interventions.
However, no significant difference was found between the
two groups. Excessive upper trapezius activity may be due
to an attempt to compensate for the weakness of the
serratus anterior muscle, which is considered to be a reason
for the abnormal rotation of the scapula [6]. Buttagat et al.
[13] reported that scapular stabilization exercises can
reduce scapular winging and improve stability by
increasing the activity of muscles surrounding the scapula
$0 as to maintain its proper position and reduce other
symptoms and pain. In this study, both groups performed
scapular stabilization exercises to stabilize and increase the
activation of muscles surrounding the scapula. Thus, the
compensatory effort expended by the upper trapezius
during arm lifts was reduced in both groups. Similarly,
Jang et al. [45] reported that enhancing spine stability may



International Journal of Human Movement and Sports Sciences 11(1): 77-87, 2023 85

be effective in reducing the compensatory effort of the
upper trapezius. The experimental group in this study
performed spine stabilization exercises based on scapular
stabilization exercises. However, the reduction in upper
trapezius activity did not differ significantly from that in
the control group. This may be because both groups
performed the same exercises or because the exercise
period was insufficient.

In this study, pectoralis major activity decreased

significantly after the exercise interventions in both groups.

However, no significant difference was observed between
the two groups. Park et al. [46] reported that during
scapular protraction, subjects with scapular winging will
perform compensatory supplementation of the pectoralis
major due to the weakening of the serratus anterior muscle.
In this study, the experimental group participants
performed both scapular stabilization and spine
stabilization exercises. The experimental group in this
study showed a greater increase in serratus anterior activity
than the control group, thereby reducing the compensatory
activity of the pectoralis major. However, no significant
difference between the two groups was found, likely
because both groups performed the same exercises or
because the intervention duration was insufficient.

Some limitations of this study should be noted. First, the
experimental period was too short—the experiments were
only conducted for four weeks. In many previous studies,
the experimental treatment effects were determined
through 8-12 weeks of training. Future studies should
employ long experimental periods to determine the effects
of treatment. Second, the dependent variable of this
experiment was only muscle activity; there were not
enough dependent variables to identify other functional
changes. This should be corrected in the future. Third,
patients with scapular winging without pain were selected
to be included in the experimental group. In the future,
patients with scapular winging with pain should be selected
for training to observe the therapeutic effects.

5. Conclusions

This study compared the influence of scapular
stabilization exercises accompanied by spine stabilization
using an unstable surface and scapular stabilization
exercises without spine stabilization on muscle activity for
subjects with scapular winging. According to the
experimental results, the activation of lower trapezius
muscle and serratus anterior muscle increased significantly
in the two groups after intervention. The muscle activities
of the lower trapezius and serratus anterior in the control
group were not as high as those in the experimental group.
Moreover, the muscle activities of the upper trapezius and
pectoralis major decreased significantly in both groups
after the exercise interventions, but no significant
difference was observed between the two groups. As a
result, the scapular stabilization exercises that are widely

used in clinical practice were shown as potentially
increasing lower trapezius and serratus anterior activity.
Moreover, a combination of such exercises with spine
stabilization exercises on an unstable surface was shown to
confer greater benefits than scapular stabilization exercises
alone and is thus recommended.
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