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Abstract: Background and Objectives; Proprioceptive neuromuscular facilitation (PNF) are effective in
improving and maintaining Range of motion(ROM), increasing muscular strength and power, and
increasing athletic performance, especially after exercise. The scapula patterns defined in PNF are
activated within the upper extremity patterns and scapula motions together. Proper function of the
upper extremities requires both motion and stability of the scapula. The purpose of this study was to
compare the effects of scapula stabilization exercise training involving muscle strengthening, muscle
balance, and movement control exercises on office workers with scapula dysfunction. Materials and
Methods: A total of 42 office workers with scapula dyskinesis were recruited and randomly divided
into three groups: muscle strengthening exercise group (n = 14), muscle balance exercise group
(n = 14), and movement control exercise group (n = 14). The participants underwent 18 sessions
(25 min/session, 3 days a week for 6 weeks) of training involving the three types of exercises. Re-
sults: The measurement outcomes included the scapula index, measured using a digital Vernier
caliper; scapula function, evaluated using the Disability of the Arm, Shoulder, and Hand (DASH)
outcome questionnaire (pain and performing, work ability, and sports and art activities); and scapulo-
humeral movements (scapula upward rotation at humeral abduction angles of 0◦, 45◦, 90◦, 135◦, and
180◦), evaluated using inclinometers. After the exercise intervention, the scapula index (p = 0.002),
DASH pain and performing score (p = 0.000), DASH work ability score (p = 0.000), DASH sports
and art activity score (p = 0.027), and scapulohumeral movements (scapula upward rotation at 0◦

(p = 0.013) and 45◦ (p = 0.043) humeral abduction) showed significantly greater improvements in the
movement control group than in the muscle strengthening and muscle balance groups. Conclusions:
Thus, proprioceptive neuromuscular facilitation can be used as a rehabilitation intervention for
scapula position and movement, pain reduction, and functional improvement in office workers with
scapula dyskinesis.

Keywords: scapula dyskinesis; scapulohumeral rhythm; muscle balance; movement control; DASH;
PNF

1. Introduction

The complex structure of the glenohumeral joint confers the shoulder with the most
mobility of any major joint in the human body. This characteristic is primarily due to a
limited interface between the humerus and the scapula, requiring the presence of a large
network of ligaments, tendons, and other connective tissue elements to provide stability
and allow functional movement [1]. The function of the shoulder joint is to place the
arms and hands in various positions so that they can perform various tasks [2]. Shoulder
pain and dysfunction are among the most common orthopedic problems managed by
physiotherapists [3], and the prevalence of shoulder joint diseases is high (~70%) compared
with that of other musculoskeletal disorders [4].
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Appropriate kinematics of the scapula is crucial for optimal shoulder joint function,
such as enabling repetitive movements of the hand over the head [5]. The scapular performs
several functions contributing to stability and mobility of scapula complex. As well as s base
for muscle attachments, appropriate orientation of the scapula optimizes the length-tension
relationship of muscles associated with the scapula complex [6]. Serratus anterior and
trapezius are the main muscles that optimize scapula position and scapulohumeral rhythm
that reduce pain and increase function [7,8]. In addition, by minimizing the movement
limit, shoulder joint movements can be performed as maximum function [9].

However, if the scapula stabilizing muscles are weakened or the function of the
shoulder is impaired, the normal position and kinematics of the scapula become altered [10].
An abnormal position of the scapula is a sign of changes in the activity of surrounding
muscles [11], and an abnormal movement of the scapula interferes with its coordinated
movement with the humerus, resulting in loss of scapulohumeral rhythm and increased
scapula damage [5]. Voight et al. [10] suggested that if the scapula fails to perform a
stabilizing role, the function of the shoulder joint becomes inefficient and the function of
the neuromuscular system decreases, resulting in injury to the shoulder joint. Kibler [12]
suggested that the scapula plays a key role in shoulder and arm function as a stable base
for optimal muscle activation, a congruent socket for ball-and-socket kinematics, and as a
transfer link for developed forces in the kinetic chain.

Among the pathological states associated with the scapula, kinetic chain-based scapula
dyskinesis is reported in the literature in conjunction with the term “scapula dysfunc-
tion” [13,14]. Scapula dyskinesis is an alteration in the normal position or motion of the
scapula during coupled scapulohumeral movements [12]. In general, frequent use of the
dominant arm can cause ligament laxity and dysfunction due to contracture of the joint
and muscle [12]. This dysfunction may result in ineffective energy transfer, placing added
stress on the tissues around the shoulder which must compensate for a weak link in the
chain [15], thus changing the kinematics of scapula movement and the scapulohumeral
rhythm [16].

In 2019, a systematic literature review on scapula dysfunction reported the following
as the main causes of scapula dysfunction: reduced rotator cuff muscle strength, weak
scapula muscles, reduced range of motion (ROM) of the shoulder and shoulder joints,
lesions in soft tissue, inadequate movement of the scapula, and increased risk of shoulder
joint impact [17].

As an intervention for scapula dysfunction, Afsun et al. [18] investigated muscle
strengthening exercises, muscle balance exercises, and movement control exercises for the
scapula. Kibler [19] also stated that a rehabilitation protocol based on the kinetic chain can
gradually restore the scapula dynamic stability by strengthening the scapula stabilizing
muscles, thus improving muscle activity and muscle balance. Samir et al. [17] stated
that muscle strengthening is a possible intervention strategy for improving recovery and
preventing shoulder dysfunction.

In a 2020 systematic literature review of clinical trials on scapula dysfunction,
Moghadam [18] reported that the main causes of the scapula dyskinesia are muscle
weakness, lack of mobility, presence of lesions in the soft tissues, inappropriate move-
ments, increasing the risk of impact and reduction of the rotator cuff strength.

In more than 68% of cases, shoulder dysfunction occurs in relation to scapula position
and movement [19]. However, strengthening exercise of the muscles around the scapula
alone is considered an insufficient intervention for scapula dyskinesis and for preventing
shoulder joint problems. Thus, the purpose of this study was to apply muscle strengthening,
muscle balancing, and movement control exercises for scapula muscles in workers with
scapula dyskinesis in order to determine which exercise is more effective.
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2. Materials and Methods
2.1. Ethical Approval

The study was conducted according to the guidelines of the Declaration of Helsinki
and approved (5 June 2020) by the Institutional Review Board of Gachon University
(1044396-202005-HR-096-01). All participants signed a statement of informed consent
before beginning the study.

2.2. Participants

Participants were recruited at Seoul B Hospital, and a total of 45 workers agreed
to participate in the study. A total of 42 workers completed the study (3 workers stop
intervention because of personal reasons). The selection of participants was based on a
previous study [11] on scapula dyskinesis targeting office workers. The selection criteria
for the participants were as follows: a positive result in the scapula dyskinesis test by
orthopedic surgeon or physical therapist; asymmetrical scapula position (left vs. right) at
rest; age >20 years but <50 years; ability to perform shoulder abduction in neutral position;
and presence of pain in the neck, back, and shoulder. The exclusion criteria were as follows:
structure scoliosis, both hand user, a participant who has been receiving conservative
physical therapy or therapeutic exercise and manual therapy at a medical institution
since the last 3 months, a participant who have been consistently doing specific physical
activities and specific exercises from 3 months before the intervention, a participant who
have undergone surgical treatment on the shoulder joint and upper limb, and a participant
with neurological disorders in the neck and upper extremities.

2.3. Procedures

This study was designed as a pretest-posttest experiment. Randomization was in-
tended to minimize an order effect. Baseline measurements of abilities were performed
prior to randomization. Subsequently, each participant was allocated to 1 of the 3 groups
via allocation codes included in consecutively numbered, sealed, opaque envelopes.
Simple randomization was conducted using online algorithm (Research Randomizer;
http://www.randomizer.org, accessed on 8 June 2020) by a researcher who was not in-
volved in participant recruitment. To ensure masking, protocols and intervention order
were not revealed to participants or clinical evaluators. The experimental group was
divided into three intervention groups: muscle strengthening exercise group (MSG), which
performed exercises for strengthening the muscles around the scapula; muscle balance
exercise group (MBG), which performed exercises for balancing the activity ratio of muscles
around the scapula; and movement control group (MCG), which performed exercises for
controlling the movement of the scapula and upper limbs according to the commonly
applied intervention method for scapula stabilization. Before the intervention, all par-
ticipants were examined for scapula position, scapula movement, and scapula pain and
function. After the preliminary examination, exercises were initiated according to the
assigned intervention. The MSG performed exercises to strengthen the muscles around
the scapula by lifting their arms in a prone position. The MBG performed exercises to
balance the muscle activity of the trapezius and serratus anterior muscles in the side lying
and standing positions. In the MCG, the physiotherapist controlled the movements of the
scapula and upper limbs in the standing and prone positions with the elbows flexed in 90◦.

The exercise time was similar among the three groups: three times a week for 6 weeks,
25 min per session, for a total of 18 sessions. The set and repetition were kept the same, the
weight setting had no weight for muscle strengthening, and the muscle balance was set at
10 RM, but no more than 2 kg. After the experiment, the differences before and after the
intervention within each group and the differences between the groups were compared.
All procedures were conducted by a professional physical therapist.

http://www.randomizer.org
http://www.randomizer.org
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2.4. Interventions
2.4.1. Muscle Strengthening Exercise

For the muscle strengthening exercise, previous studies by Burkhart et al. [11] and
Blackburn [20] were referenced. This exercise is a scapula stabilization exercise that is
commonly used in the clinical treatment of scapula dyskinesis [11]. The exercise method
consists of five movements and is a bilateral exercise that strengthens the muscles around
the scapula by lifting the arm from the prone position (Figure 1).

Figure 1. Muscle Strengthening Exercise.

2.4.2. Muscle Balance Exercise

The muscle balance exercise used in previous studies [21–23] was applied for muscle
balance exercise of the scapula in this study. This exercise method reduces the hyperactivity
of the triceps and balances the activities of the middle trapezius, lower trapezius, and
serratus anterior muscles. The exercise was performed for three sets of 10 repetitions, at
a 10 repetition maximum load, for a total of 25 min (5 min per set with a 5-min break
in between sets). Exercise 1,2,3 is a muscle balance exercise for the upper and middle
trapezius, Exercise 1,2,4 is a muscle balance exercise for the upper and lower trapezius,
and Exercise 5. It is a muscle balance exercise of the upper trapezius and anterior serratus
muscles as a protraction motion [24] (Figure 2). The exercise sequence was carried out as
follows by applying a previous study. Week 1: 1, 2, 3, 4, 5/2 weeks: 5, 4, 3, 2, 1/3 weeks: 1,
5, 2, 3, 4/4 weeks: 5, 3, 1, 4, 2/5 weeks: 1, 4, 3, 2, 5/6 weeks: 5, 2, 4, 1, 3.

2.4.3. Movement Control Exercise

For the movement control exercise, the study by Timas et al. [25] was referenced.
This exercise is a motor learning method that controls scapula movement by extending
the arm forward using the proprioceptive neuromuscular facilitation (PNF) technique.
It is an exercise method that dynamically stabilizes the scapula and minimizes shoulder
dysfunction. The PNF patterns used in this study were the scapula pattern and the upper
limb pattern, and the principles of the “timing for emphasis” and “irradiation” techniques
were followed. The movement was controlled by forward flexion of the shoulder joint. This
motor learning exercise emphasizes the mobilization of the trapezius and serratus anterior
muscles. To dynamically stabilize the scapula when the arm is raised or stretched forward,
the upper limb flexion pattern was used. This pattern emphasizes the coordination between
the muscles and consists of the D1 (flexion, adduction, external rotation) and D2 (flexion,
abduction, and external rotation) components. The PNF scapula pattern is a movement
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control that improves the dynamic stabilization of the scapula in patients with shoulder
joint dysfunction [25]. The PNF technique was performed with “normal timing” for the
entire pattern and with “timing for emphasis” emphasizing the scapula position.

Figure 2. Muscle Balance Exercise.

2.5. Outcome Measurements
2.5.1. Scapula Position

The scapula index (SI) was used to evaluate the scapula position. The SI is an indicator
of the general position of the scapula in a static pose and is highly related to the shortening
of the pectoralis minor muscle. The SI value was calculated using the following equation: SI
= [(distance from the sternal notch to the coracoid process/distance from the posterolateral
angle of the acromion to the third spinous process of the thoracic spine) × 100] [26].
Intraclass correlation coefficient (ICC) of SI were intrarater reliabilities = 0.75 and interrater
reliabilities = 0.77 [27].

A digital Vernier caliper (Mitutoyo 500-182-30 digital caliper, Kawasaki, Japan) was
used to measure the position of the scapula (SI). A smaller SI value indicated shoulder
internal rotation, scapula protraction, and abduction, and a larger SI value indicated
shoulder external rotation, scapula retraction, and adduction [26].

2.5.2. Scapula Movement

Scapula movement was evaluated by measuring the scapula upward rotation angle at
different humeral abduction angles (scapulohumeral rhythm). Two general gravity-based
inclinometers (gravity reference inclinometers, HG0020393; OEM, China) were used as
the measurement tools. One was attached to the humeral lateral epicondyle shaft, and
the other was brought into contact with the scapula spine. This method uses modified
gravity-based inclinometers to measure scapula movement in individuals with scapula
dysfunction [21]. The starting position was the elbow extension and wrist neutral position
in the standing pose, and the upward rotation angle of the scapula spine was measured
at shoulder abduction angles of 0◦, 45◦, 90◦, 135◦, and 180◦ [22,23]. The ICC of scapula
movement was 0.88 [28].

2.5.3. Disability of the Arm, Shoulder, and Hand Outcome Questionnaire

To evaluate the symptoms and disability of the scapula, a disability outcome question-
naire for the upper limb (Disability of the Arm, Shoulder, and Hand [DASH]; American



Medicina 2021, 57, 332 6 of 11

Academy of Orthopedic Surgeons, Upper Extremity Collaborative Group, Rosemont, IL,
USA) was used.

The DASH evaluation tool consists of the following competency evaluations: (1) pain
and performing ability evaluation (30 items), (2) work ability evaluation (4 items), and (3)
sports and art activity ability evaluation (4 items), with a total of 38 items. Each question
was scored on a five-point scale (no difficulty, slightly difficult, moderately difficult, very
difficult, or not at all). The score calculation formulas for the three competencies were as
follows:

Pain and performing ability = [(sum of scores answered) − 1] ÷ N × 25,
where N is the number of questions answered.

(1)

Work ability = [{(sum of scores answered) ÷ 4} − 1] × 25. (2)

Sports and art activity ability = [{(sum of scores answered) ÷ 4} − 1] × 25 (3)

The lower the evaluation score for each component of DASH, the less pain and the
less disability in the evaluated competency [29].

2.6. Sample Size Estimation

G power 3.0.1 software (Heinrich Heine University Düsseldorf, Düsseldorf, Germany)
was used to determine the sample size. A total of 30 participants were estimated to
be required with an effect size of f = 0.50, significance level of 0.05, and power of 0.80.
The correlation among representative measures was r = 0.50 when a clinically significant
interaction was observed between the two time points (two events: pre and post) and
among the three groups.

2.7. Statistical Analysis

Statistical analysis was performed using SPSS software (version 23.0; IBM, Armonk,
NY, USA). All measured values are presented as means and standard deviations. To verify
the normal distribution of the data, all data were tested using the Kolmogorov-Smirnov
test. Descriptive statistical analysis and analysis of variance (ANOVA) were used to assess
the general characteristics and to test for homogeneity among the participants. A paired
t-test was performed to analyze differences between the dependent variables according
to the measurement period (before and after the experiment), while multivariate ANOVA
was used to analyze the differences according to the intervention method (three exercise
types). Statistically significant differences were identified using Tukey’s honestly significant
difference. Moreover, a partial eta squared (η2) was used to explore the effect size. The
significance level was set to α = 0.05.

3. Results

A total of 42 workers participated in this study (17 men and 25 women). No significant
differences were found between the groups in the homogeneity test (p > 0.05). The general
characteristics of the participants are listed in Table 1.

3.1. Scapula Position
Scapula Index (SI)

In the MSG, no significant interaction was found in the SI between pre- and post-
intervention (p = 0.956, Table 2). However, the MBG and MCG showed significantly
increased SI after 6 weeks of intervention (p = 0.024 and p = 0.000, respectively; Table 2),
with a statistically significant difference between groups (MCG vs. MSG, p = 0.001; Table 2).
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Table 1. General characteristics of the participants (N = 42).

MSG (n = 14) MBG (n = 14) MCG (n = 14) p

Sex (male/female), n
(%)

4/9
(35.7%/64.3%)

4/10
(40.0%/60.0%)

8/6
(57.1%/42.9%) 0.292

Affected side
(left/right), n 7/7 9/5 7/7 0.697

Age (years) 32.86 ± 6.49 32.01 ± 5.87 32.14 ± 6.66 0.930
Height (cm) 166.05 ± 9.46 165.42 ± 8.92 168.29 ± 9.02 0.685
Weight (kg) 61.83 ± 12.74 62.67 ± 13.97 67.28 ± 13.26 0.514

BMI (kg/m2) 22.17 ± 2.45 22.65 ± 3.03 23.61 ± 3.43 0.443
Values are expressed as mean ± standard deviation. Abbreviations: MSG, muscle strength group; MBG, muscle
balance group; MCG, movement control group; BMI, body mass index.

Table 2. Comparison of scapula position (scapula index) (N = 42).

Scapula Position MSG (n = 14) MBG (n = 14) MCG (n = 14) p E(η2)

Scapula index
(score)

Pre 68.84 ± 7.66 63.89 ± 5.99 63.86 ± 6.91
Post 68.72 ± 7.45 67.40 ± 5.43 72.58 ± 4.83
DIFF 0.11 ± 7.79 †† 3.50 ± 5.12 8.71 ± 4.79 0.002 0.279

p 0.956 0.024 * 0.000 ***
Abbreviations: MSG, muscle strength group; MBG, muscle balance group; MCG, movement control group; DIFF,
difference; E, effect size; * p < 0.05, *** p < 0.001, significant intragroup differences; †† p < 0.01, significant difference
compared with MCG.

3.2. Scapulohumeral Movements (Scapula Upward Rotation at Humeral Abduction)
Scapula Upward Rotation at 0◦–180◦ Humeral Abduction

No significant interaction was found in the scapula upward rotation at 0◦, 45◦, 90◦,
135◦, and 180◦ (p = 0.057, p = 0.196, p = 0.348, p = 0.397, and p = 0.617, respectively) humeral
abduction of the MSG between pre- and post-intervention (Table 3). However, a significant
interaction was found in the scapula upward rotation at 0◦ (MBG, p = 0.018) and 0◦ and 45◦

(MCG, p = 0.000 and p = 0.000, respectively; Table 3) between pre- and post-intervention.
A statistical difference was found between the groups in scapula upward rotation at 0◦

and 45◦ (MCG vs. MSG and MBG, p = 0.010 and p = 0.000, respectively; MCG vs. MBG,
p = 0.046; Effect size = 0.201(0◦) & 0.149(45◦), Table 3).

Table 3. Comparison of scapula upward rotation at different humeral abduction angles (N = 42).

Humeral
Abduction MSG (n = 14) MBG (n = 14) MCG (n = 14) p E(η2)

0◦
Pre −6.29 ± 3.66 −3.43 ± 5.34 −2.57 ± 3.56
Post −5.64 ± 3.47 −0.14 ± 4.72 1.43 ± 3.79
DIFF −0.64 ± 1.15 † 3.28 ± 4.53 ††† 4.00 ± 1.30 0.013 0.201

p 0.057 0.018 * 0.000 ***

45◦
Pre 5.87 ± 3.37 5.21 ± 6.78 4.93 ± 3.14
Post 6.50 ± 2.87 5.14 ± 5.48 6.75 ± 3.77
DIFF 0.63 ± 1.72 0.07 ± 6.15 † 3.42 ± 1.01 0.043 0.149

p 0.196 0.966 0.000 ***

90◦
Pre 14.57 ± 3.75 17.29 ± 8.10 18.09 ± 5.11
Post 15.21 ± 3.64 19.07 ± 6.83 19.07 ± 5.63
DIFF −0.64 ± 2.46 −1.78 ± 9.79 0.97 ± 4.54 0.718 0.017

p 0.370 0.199 0.435

135◦
Pre 34.89 ± 7.82 33.35 ± 13.58 32.70 ± 8.99
Post 31.74 ± 9.24 34.78 ± 11.76 34.57 ± 6.61
DIFF 3.17 ± 13.58 1.42 ± 12.58 1.87 ± 8.14 0.473 0.038

p 0.397 0.678 0.405

180◦
Pre 43.63 ± 8.38 43.28 ± 15.77 43.40 ± 7.60
Post 41.64 ± 11.38 46.57 ± 12.85 44.93 ± 5.58
DIFF 1.99 ± 14.56 3.28 ± 15.51 1.52 ± 7.16 0.553 0.030

p 0.617 0.442 0.441
Abbreviations: MSG, muscle strength group; MBG, muscle balance group; MCG, movement control group; DIFF,
difference; E, effect size; * p < 0.05, *** p < 0.001, significant intragroup differences; † p < 0.05, significant difference
compared with MCG; ††† p < 0.001, significant difference compared with MCG.
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3.3. DASH Outcome Questionnaire
3.3.1. Pain and Performing Ability

No significant interaction was found in the DASH disability/symptom score of the
MSG and MBG between pre- and post-intervention (p = 0.650 and p = 0.550, respectively;
Table 4). The MCG showed significantly increased score after 6 weeks of intervention
(p = 0.000), and a statistical difference was found between the groups (MCG vs. MSG and
MBG, p = 0.002 and p = 0.000, respectively; Effect size = 0.452, Table 4).

Table 4. Comparison of DASH scores (N = 42).

DASH MSG (n = 14) MBG (n = 14) MCG (n = 14) p E(η2)

Pain &
performing

ability
(score)

Pre 25.94 ± 16.57 21.08 ± 9.90 27.25 ± 14.40
Post 21.73 ± 14.88 20.00 ± 9.95 9.92 ± 8.11
DIFF −4.21 ± 7.80 †† −1.08 ± 1.90 ††† −17.32 ± 12.28 0.000 0.452

p 0.65 0.55 0.000 ***

Work ability
(score)

Pre 22.76 ± 16.73 15.62 ± 9.09 21.42 ± 21.31
Post 21.42 ± 15.25 14.28 ± 9.31 10.71 ± 11.15
DIFF −1.34 ± 2.66 ††† −1.33 ± 3.61 ††† −10.71 ± 8.98 0.000 0.388

p 0.082 0.189 0.001 ***

Sports & art
activities

(score)

Pre 29.01 ± 18.44 27.23 ± 7.19 24.10 ± 16.04
Post 27.67 ± 16.57 24.55 ± 7.13 15.16 ± 14.23
DIFF −1.33 ± 2.66 † −2.67 ± 6.35 −8.94 ± 10.61 0.027 0.168

p 0.082 0.139 0.008 **
Abbreviations: MSG, muscle strength group; MBG, muscle balance group; MCG, movement control group; DIFF,
difference; E, effect size; ** p < 0.01, *** p < 0.001, significant intragroup differences; † p < 0.05, significant difference
compared with MCG; †† p < 0.01, significant difference compared with MCG; ††† p < 0.001 significant difference
compared with MCG.

3.3.2. Work Ability

No significant interaction was found in the DASH work ability scores of the MSG and
MBG between pre- and post-intervention (p = 0.082 and p = 0.189, respectively; Table 4). The
MCG showed significantly increased score after six weeks of intervention (p = 0.001), and a
statistical difference was found between the groups (MCG vs. MSG and MBG, p = 0.000
and p = 0.000, respectively; Effect size = 0.388, Table 4).

3.3.3. Sports & Art Activity Ability

No significant interaction was found in the DASH sports & art activity score of the
MSG and MBG between pre- and post-intervention (p = 0.082 and p = 0.139, respectively;
Table 4). The MCG showed significantly increased score after six weeks of intervention
(p = 0.008), and a statistically significant difference was found between groups (MCG vs.
MSG, p = 0.036; Effect size = 0.168, Table 4).

4. Discussion

Scapula dyskinesis occurs along with imbalance in the scapula muscles, such as
hyperactivity in the upper trapezius and hypoactivity in the lower trapezius and serratus
anterior [30]. In these cases, muscle strengthening exercises are generally conducted to
improve muscle stabilization. The muscle strengthening exercise performed in this study is
a stabilization exercise of the scapula and shoulder joints, as reported by Blackburn et al. in
1990 [20]. Blackburn’s scapula stabilization exercise is commonly used by physiotherapists,
and it has been reported that there is a significant difference [31] before and after the
exercise in terms of muscle strength improvement of the rotator cuff in shoulder joints.
However, as scapula dyskinesis is a disorder involving changes in the entire shoulder
complex and all shoulder lesions, muscle strengthening of the rotator cuff is not adequately
efficient [17]. Therefore, movement control exercises should be conducted considering
kinematic aspects rather than unconditional muscle strengthening exercises.

Meanwhile, the serratus anterior plays an important role in stabilizing the scapula,
maintaining the thoracic alignment in harmony with the lower trapezius, and dynamically
stabilizing the scapula movement [32]. In particular, selective activation of the lower fibers
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of the serratus anterior has a higher synergy activation with the lower trapezius than with
the upper trapezius [33]. If the activation of these muscles is not balanced, the other muscles
of the shoulder complex tend to compensate for the movement of the scapula. Therefore,
when performing therapeutic exercises for scapula dyskinesis, muscle balance exercises
that focus on coordination and activation of the serratus anterior and lower trapezius are
efficient [23,27,28].

In this study, the muscle strengthening exercise did not produce significant differences
before and after intervention, whereas the muscle balance exercise resulted in significant
differences before and after intervention in scapula position and scapula upward rotation
at 0◦ and 45◦ humeral abduction. In comparison, the movement control exercise produced
significant differences in pain and ability, as well as in the position and movement of
the scapula. Particularly, in the comparison between groups, the MCG showed a more
significant effect than the other groups.

Belling and Jfirgensen [34] stated that scapula movement control exercises would need
to be repeatedly performed to return the shoulder joint to a functional position and to
consequently stimulate the motor programming of the shoulder complex. This is consistent
with the results of the present study, in which movement control exercise caused significant
changes in the position and function of the scapula. In addition, Roy et al. [35] reported
results similar to our study findings, as they observed that movement control exercises
improved movement disorders affecting the scapulothoracic and scapulohumeral areas.
The PNF muscle control exercise used in this study differed from the other two exercises in
that it involved manual contact by a physiotherapist. This contact helped the participants
move in the right direction through the information transmitted to the skin receptors. This
also caused contraction and irritation of the co-coordination muscles, thus strengthening the
movements, promoting stabilization of the axis, and further strengthening the contraction
force of pressure on the muscles. Therefore, it was considered that these effects were related
to the more effective results in the MCG than in the other groups. Furthermore, movement
control exercise for the scapula produced significant improvements in scapula position,
movement, pain, and abilities. In general, if the scapula has an asymmetric position,
functional disorder and injury of the upper extremity occur during the arm movements,
transferring the proximal energy to the distal regions [16]. An asymmetric scapula position
reduces the stabilization ability of the scapula. Moreover, repeated use of strong forces
causes soft tissue damage in the upper extremities, while the demand for energy in distal
regions increases through the movement of the upper extremities in daily life [36].

This study had some limitations. First, when the position and movement of the
scapula is improved, the function is improved and the disability is decreased, but the
study did not clearly clarify the mechanism of the interrelationship between the variables.
Second, research on the relationship between shoulder motion, muscle strength and symp-
toms was insufficient. Third, intervention methods were not provided by subdividing
scapula dyskinesis type. Therefore, it will be helpful in clinical intervention if subdivided
intervention methods are applied for each type and EMG evaluation is added in the future.

On the basis of the results of this study, repeated use of strong forces, such as muscle
strengthening exercises, in situations in which the scapula position is not optimal may
cause problems in the upper extremities and shoulder joints. Therefore, for an effective
treatment, it is important to first stabilize the position of the shoulder bones and to exercise
after the normal kinematics of the shoulder joints have been restored.

5. Conclusions

In this study, muscle strengthening exercise performed by participants with scapula
dyskinesis caused no significant differences in scapula position, movement, pain, and
abilities between before and after the intervention. In the group that performed the muscle
balance exercise, significant differences were observed in scapula position and movement
(0◦ and 45◦) before and after the intervention. In the group that performed movement
control exercise, the changes in scapula position, pain, ability and movements (0◦ and
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45◦) showed significant differences between before and after the intervention. In addition,
movement control exercise was significantly effective than the other two exercises. Thus,
as a treatment for scapula dyskinesis, PNF scapula and upper limb movement control
exercises are more effective than muscle strengthening and muscle balance exercises.

Author Contributions: Conceptualization, M.H. and C.L.; methodology, M.H.; software, M.H. and
C.L.; validation, M.H., C.L. and S.L.; formal analysis, C.L. and S.L.; investigation, M.H.; resources,
M.H.; data curation, M.H.; writing—original draft preparation, M.H. and C.L.; writing—review and
editing, C.L. and S.L.; visualization, M.H. and C.L.; supervision, C.L. and S.L.; project administration,
C.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board of Gachon Univer-
sity (1044396-202005-HR-096-01). All participants signed a statement of informed consent before
beginning the study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: This study is available on request from the corresponding author. The
data are not publicly available due to privacy or ethical restrictions.

Acknowledgments: The authors thank Bumin hospital and participants for help with the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Huegel, J.; Williams, A.A.; Soslowsky, L.J. Rotator Cuff Biology and Biomechanics: A Review of Normal and Pathological

Conditions. Curr. Rheumatol. Rep. 2015, 17, 476. [CrossRef]
2. Lippert, L.S.; Minor, M.A.D. Laboratory Manual for Clinical Kinesiology and Anatomy; FA Davis: Duxbury, VT, USA, 2017.
3. De Oliveira, A.S.; de Morais Carvalho, M.; de Brum, D.P.C. Activation of the shoulder and arm muscles during axial load exercises

on a stable base of support and on a medicine ball. J. Electromyogr. Kinesiol. 2008, 18, 472–479. [CrossRef] [PubMed]
4. Singh, S.; Gill, S.; Mohammad, F.; Kumar, S.; Kumar, D.; Kumar, S. Prevalence of shoulder disorders in tertiary care centre. Int. J.

Res. Med. Sci. 2015, 3, 917–920. [CrossRef]
5. Laudner, K.G.; Stanek, J.M.; Meister, K. Differences in Scapular Upward Rotation between Baseball Pitchers and Position Players.

Am. J. Sports Med. 2007, 35, 2091–2095. [CrossRef]
6. Mottram, S. Dynamic stability of the scapula. Man. Ther. 1997, 2, 123–131. [CrossRef]
7. Neumann, D.A.; Camargo, P.R. Kinesiologic considerations for targeting activation of scapulothoracic muscles—Part 1: Serratus

anterior. Braz. J. Phys. Ther. 2019, 23, 459–466. [CrossRef]
8. Camargo, P.R.; Neumann, D.A. Kinesiologic considerations for targeting activation of scapulothoracic muscles—Part 2: Trapezius.

Braz. J. Phys. Ther. 2019, 23, 467–475. [CrossRef]
9. Smith, J.; Dietrich, C.T.; Kotajarvi, B.R.; Kaufman, K.R. The effect of scapular protraction on isometric shoulder rotation strength

in normal subjects. J. Shoulder Elb. Surg. 2006, 15, 339–343. [CrossRef] [PubMed]
10. Voight, M.L.; Thomson, B.C. The role of the scapula in the rehabilitation of shoulder injuries. J. Athl. Train. 2000, 35, 364.
11. Burkhart, S.S.; Morgan, C.D.; Kibler, W.B. The disabled throwing shoulder: Spectrum of pathology part III: The SICK scapula,

scapular dyskinesis, the kinetic chain, and rehabilitation. Arthroscopy 2003, 19, 641–661. [CrossRef]
12. Kibler, W.B.; Ludewig, P.M.; McClure, P.; Uhl, T.L.; Sciascia, A. Scapular Summit 2009: Introduction. July 16, 2009, Lexington,

Kentucky. J. Orthop. Sports Phys. Ther. 2009, 39, A1–A13. [CrossRef] [PubMed]
13. Uhl, T.L.; Kibler, W.B.; Gecewich, B.; Tripp, B.L. Evaluation of Clinical Assessment Methods for Scapular Dyskinesis. Arthrosc. J.

Arthrosc. Relat. Surg. 2009, 25, 1240–1248. [CrossRef] [PubMed]
14. Myers, J.B.; Oyama, S.; Hibberd, E.E. Scapular dysfunction in high school baseball players sustaining throwing-related upper

extremity injury: A prospective study. J. Shoulder Elb. Surg. 2013, 22, 1154–1159. [CrossRef] [PubMed]
15. Jayesh, P.N.; Muragod, A.R.; Motimath, B. Open kinematic chain exercises for SICK scapula in competitive asymptomatic

overhead athletes for 3 weeks. Int. J. Physiother. Res. 2014, 2, 608–615.
16. Ben Kibler, W. The Role of the Scapula in Athletic Shoulder Function. Am. J. Sports Med. 1998, 26, 325–337. [CrossRef]
17. Geronimo, S.M.; Baracho, W.F.; da Silva Triani, F. Effects of Strength Training on Scapular Dyskinesia: A Systematic Review. J.

Health Sci. 2019, 21, 409–413. [CrossRef]
18. Moghadam, A.N.; Rahnama, L.; Dehkordi, S.N.; Abdollahi, S. Exercise therapy may affect scapular position and motion in

individuals with scapular dyskinesis: A systematic review of clinical trials. J. Shoulder Elb. Surg. 2020, 29, e29–e36. [CrossRef]

http://doi.org/10.1007/s11926-014-0476-x
http://doi.org/10.1016/j.jelekin.2006.09.009
http://www.ncbi.nlm.nih.gov/pubmed/17218116
http://doi.org/10.5455/2320-6012.ijrms20150419
http://doi.org/10.1177/0363546507305098
http://doi.org/10.1054/math.1997.0292
http://doi.org/10.1016/j.bjpt.2019.01.008
http://doi.org/10.1016/j.bjpt.2019.01.011
http://doi.org/10.1016/j.jse.2005.08.023
http://www.ncbi.nlm.nih.gov/pubmed/16679235
http://doi.org/10.1016/S0749-8063(03)00389-X
http://doi.org/10.2519/jospt.2009.0303
http://www.ncbi.nlm.nih.gov/pubmed/19881011
http://doi.org/10.1016/j.arthro.2009.06.007
http://www.ncbi.nlm.nih.gov/pubmed/19896045
http://doi.org/10.1016/j.jse.2012.12.029
http://www.ncbi.nlm.nih.gov/pubmed/23419606
http://doi.org/10.1177/03635465980260022801
http://doi.org/10.17921/2447-8938.2019v21n4p409-13
http://doi.org/10.1016/j.jse.2019.05.037


Medicina 2021, 57, 332 11 of 11

19. Warner, J.J.; Micheli, L.J.; Arslanian, L.E.; Kennedy, J.; Kennedy, R. Scapulothoracic motion in normal shoulders and shoulders
with glenohumeral instability and impingement syndrome. A study using Moiré topographic analysis. Clin. Orthop. Relat. Res.
1992, 191–199.

20. Blackburn, T. EMG analysis of posterior rotator cuff exercises. J. Athl. Train. 1990, 25, 40–45.
21. Johnson, M.P.; McClure, P.W.; Karduna, A.R. New Method to Assess Scapular Upward Rotation in Subjects with Shoulder

Pathology. J. Orthop. Sports Phys. Ther. 2001, 31, 81–89. [CrossRef]
22. Struyf, F.; Nijs, J.; Mottram, S.; Roussel, N.A.; Cools, A.M.; Meeusen, R. Clinical assessment of the scapula: A review of the

literature. Br. J. Sports Med. 2014, 48, 883–890. [CrossRef] [PubMed]
23. Sree, S.D. To Evaluate Scapulohumeral Rhythm in Scapular Dyskinesia in Software Professionals with Neck Pain. Indian J.

Physiother. Occup. Ther. 2020, 13. [CrossRef]
24. De Mey, K.; Danneels, L.; Cagnie, B.; Cools, A.M. Scapular muscle rehabilitation exercises in overhead athletes with impingement

symptoms: Effect of a 6-week training program on muscle recruitment and functional outcome. Am. J. Sports Med. 2012, 40,
1906–1915. [CrossRef] [PubMed]

25. Peteraitis, T.; Smedes, F. Scapula motor control training with Proprioceptive Neuromuscular Facilitation in chronic subacromial
impingement syndrome: A case report. J. Bodyw. Mov. Ther. 2020, 24, 165–171. [CrossRef]

26. Borstad, J.D. Resting Position Variables at the Shoulder: Evidence to Support a Posture-Impairment Association. Phys. Ther. 2006,
86, 549–557. [CrossRef] [PubMed]

27. Carvalho, L.A.; Aquino, C.F.; Souza, T.R.; Anjos, M.T.S.; Lima, D.B.; Fonseca, S.T. Clinical Measures Related to Forward Shoulder
Posture: A Reliability and Correlational Study. J. Manip. Physiol. Ther. 2019, 42, 141–147. [CrossRef] [PubMed]

28. Watson, L.; Balster, S.; Finch, C.; Dalziel, R. Measurement of scapula upward rotation: A reliable clinical procedure. Br. J. Sports
Med. 2005, 39, 599–603. [CrossRef]

29. Franchignoni, F.; Vercelli, S.; Giordano, A.; Sartorio, F.; Bravini, E.; Ferriero, G. Minimal Clinically Important Difference of the
Disabilities of the Arm, Shoulder and Hand Outcome Measure (DASH) and Its Shortened Version (QuickDASH). J. Orthop. Sports
Phys. Ther. 2014, 44, 30–39. [CrossRef]

30. Ludewig, P.M.; Cook, T.M. Alterations in Shoulder Kinematics and Associated Muscle Activity in People with Symptoms of
Shoulder Impingement. Phys. Ther. 2000, 80, 276–291. [CrossRef]

31. Townsend, H.; Jobe, F.W.; Pink, M.; Perry, J. Electromyographic analysis of the glenohumeral muscles during a baseball
rehabilitation program. Am. J. Sports Med. 1991, 19, 264–272. [CrossRef] [PubMed]

32. Maenhout, A.; Van Praet, K.; Pizzi, L.; Van Herzeele, M.; Cools, A. Electromyographic analysis of knee push up plus variations:
What is the influence of the kinetic chain on scapular muscle activity? Br. J. Sports Med. 2010, 44, 1010–1015. [CrossRef] [PubMed]

33. Holtermann, A.; Mork, P.; Andersen, L.; Olsen, H.B.; Søgaard, K. The use of EMG biofeedback for learning of selective activation
of intra-muscular parts within the serratus anterior muscle: A novel approach for rehabilitation of scapular muscle imbalance. J.
Electromyogr. Kinesiol. 2010, 20, 359–365. [CrossRef] [PubMed]

34. Sørensen, A.B.; Jørgensen, U. Secondary impingement in the shoulder: An improved terminology in impingement. Scand. J. Med.
Sci. Sports Rev. Artic. 2000, 10, 266–278. [CrossRef] [PubMed]

35. Roy, J.-S.; Moffet, H.; McFadyen, B.J.; Lirette, R. Impact of movement training on upper limb motor strategies in persons with
shoulder impingement syndrome. BMC Sports Sci. Med. Rehabil. 2009, 1, 1–11. [CrossRef] [PubMed]

36. Day, J.M.; Bush, H.; Nitz, A.J.; Uhl, T.L. Scapular Muscle Performance in Individuals with Lateral Epicondylalgia. J. Orthop. Sports
Phys. Ther. 2015, 45, 414–424. [CrossRef] [PubMed]

http://doi.org/10.2519/jospt.2001.31.2.81
http://doi.org/10.1136/bjsports-2012-091059
http://www.ncbi.nlm.nih.gov/pubmed/22821720
http://doi.org/10.5958/0973-5674.2020.00037.4
http://doi.org/10.1177/0363546512453297
http://www.ncbi.nlm.nih.gov/pubmed/22785606
http://doi.org/10.1016/j.jbmt.2020.03.005
http://doi.org/10.1093/ptj/86.4.549
http://www.ncbi.nlm.nih.gov/pubmed/16579671
http://doi.org/10.1016/j.jmpt.2019.03.006
http://www.ncbi.nlm.nih.gov/pubmed/31000344
http://doi.org/10.1136/bjsm.2004.013243
http://doi.org/10.2519/jospt.2014.4893
http://doi.org/10.1093/ptj/80.3.276
http://doi.org/10.1177/036354659101900309
http://www.ncbi.nlm.nih.gov/pubmed/1867334
http://doi.org/10.1136/bjsm.2009.062810
http://www.ncbi.nlm.nih.gov/pubmed/19752153
http://doi.org/10.1016/j.jelekin.2009.02.009
http://www.ncbi.nlm.nih.gov/pubmed/19342256
http://doi.org/10.1034/j.1600-0838.2000.010005266.x
http://www.ncbi.nlm.nih.gov/pubmed/11001394
http://doi.org/10.1186/1758-2555-1-8
http://www.ncbi.nlm.nih.gov/pubmed/19445724
http://doi.org/10.2519/jospt.2015.5290
http://www.ncbi.nlm.nih.gov/pubmed/25579691

	Introduction 
	Materials and Methods 
	Ethical Approval 
	Participants 
	Procedures 
	Interventions 
	Muscle Strengthening Exercise 
	Muscle Balance Exercise 
	Movement Control Exercise 

	Outcome Measurements 
	Scapula Position 
	Scapula Movement 
	Disability of the Arm, Shoulder, and Hand Outcome Questionnaire 

	Sample Size Estimation 
	Statistical Analysis 

	Results 
	Scapula Position 
	Scapulohumeral Movements (Scapula Upward Rotation at Humeral Abduction) 
	DASH Outcome Questionnaire 
	Pain and Performing Ability 
	Work Ability 
	Sports & Art Activity Ability 


	Discussion 
	Conclusions 
	References

