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ABSTRACT

Scapular dyskinesia, characterized by altered scapular motion during

Article Info: shoulder activity, is commonly observed in swimmers and is associated with shoulder

pain, reduced performance, and an increased risk of injury. Traditional rehabilitation
Received: 10 February 2026 primarily focuses on strengthening and mobility exercises but lacks real-time
Accepted: 23 May 2026 monitoring of muscle recruitment. Surface electromyography (EMG) enables direct
Available Online: 19 June 2026 assessment of muscle activation, allowing athletes to optimize scapular control during

training and rehabilitation. To develop an EMG-guided exercise protocol to enhance
scapular stabilizer muscle activation in swimmers with scapular dyskinesia.

m This protocol development study recruited 18 male professional swimmers
aged 19-23 years who were diagnosed with unilateral scapular dyskinesia using the
Lateral Scapular Slide Test (LSST). Participants performed 15 commonly used
scapular stabilization exercises. Surface EMG was used to record bilateral muscle
activation of the trapezius (upper, middle, and lower fibers), serratus anterior,
infraspinatus, rhomboids, and latissimus dorsi. Peak muscle activation values were
compared between the affected and unaffected sides to identify the most effective

exercises.
Keywords: Five exercises—push-up plus, elbow-knee push-up, lawnmower, Blackburn,
. and V-W dumbbell drill—elicited significantly greater activation of the scapular
Shoulder pain, stabilizing muscles. These exercises were subsequently integrated into an evidence-
Electromyography, based training protocol termed SCAP-SYNC.
Rehabilitation The SCAP-SYNC protocol provides a concise and targeted set of

exercises designed to enhance activation of key scapular stabilizers. This protocol
may be incorporated into rehabilitation and conditioning programs for swimmers with
scapular dyskinesia.
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1. Introduction

Scapular dyskinesia (SD) is characterized by abnormal movement or positioning of the scapula during
shoulder motion and is commonly observed in competitive swimmers due to the repetitive overhead nature
of the sport (1-3). While symptomatic SD receives clinical attention because of its association with pain
and dysfunction, asymptomatic SD, in which altered scapular motion occurs without pain, is often
underdiagnosed despite its potential to progress to symptomatic injury and negatively affect athletic
performance over time (1, 2).

Biomechanically, the scapula serves as a dynamic yet stable base for humeral movement, providing the
shoulder girdle with the mobility and stability required for efficient upper-extremity function (1).
Swimmers perform thousands of overhead strokes each week, including freestyle, butterfly, and
backstroke, placing substantial repetitive demands on the scapulothoracic musculature (4, 5). These
repetitive movements may lead to muscle imbalances, fatigue, and dysfunction of the scapular stabilizers,
thereby predisposing athletes to SD (1, 6). Epidemiological studies indicate that the prevalence of scapular
dyskinesia among swimmers varies considerably, with reported rates ranging from 8.5% to as high as 61%
during or immediately after training sessions (3, 7). Asymptomatic SD has been reported frequently in elite
young swimmers, with a higher incidence among males and endurance swimmers (3).

Altered scapular kinematics can disrupt normal force transmission throughout the shoulder complex,
resulting in reduced stroke efficiency, compromised biomechanics, and an increased risk of secondary
pathologies, including shoulder impingement syndrome, rotator cuff tendinopathy, and glenohumeral
instability, collectively referred to as “swimmer’s shoulder” (6, 8). Therefore, early identification and
intervention are essential to prevent progression from asymptomatic SD to painful dysfunction and
performance decline (9).

Conventional screening methods for SD, which often rely on observational or manual assessment
techniques, may fail to detect subtle or dynamic muscular imbalances effectively (1, 2). Surface
electromyography (EMG) provides an objective and quantitative method for assessing real-time muscle
activation patterns during functional activities. This technology enables clinicians and coaches to identify
underactive or overactive muscles involved in scapular control more accurately (10, 11), thereby
facilitating individualized rehabilitation programs based on neuromuscular function rather than solely on
clinical observation (10). Integrating EMG-guided rehabilitation strategies into swimmer conditioning and
rehabilitation programs may provide several benefits. In addition to enhancing the strength and endurance
of scapular stabilizers, such approaches may improve neuromuscular control and coordination, which are
essential for efficient stroke mechanics and injury prevention (4, 9). Improved scapular positioning and
movement may facilitate more effective force transfer while minimizing compensatory muscular overload
that frequently contributes to overuse injuries in swimmers (5, 11). Furthermore, the incorporation of
EMG-guided biofeedback into training may allow rehabilitation strategies to be tailored to the specific
neuromuscular deficits of individual athletes, potentially improving rehabilitation outcomes (10).

The importance of early detection and intervention for asymptomatic SD should not be underestimated.
Correcting muscular imbalances before the onset of symptoms may help preserve athletic performance and
reduce injury-related time loss (2, 9). Moreover, improvements in scapular muscle function and shoulder
biomechanics may contribute to enhanced endurance and power production during competitive
performance (4, 5). Given these considerations, routine screening of elite swimmers and other overhead
athletes using functional assessments supplemented by EMG evaluation should be considered in sports
medicine practice (1, 10). Such an approach may facilitate the timely implementation of targeted preventive
interventions, with the potential to reduce the incidence of symptomatic shoulder disorders and improve
overall shoulder health (8, 9).

Future research should investigate the long-term effectiveness of EMG-guided rehabilitation protocols on
performance outcomes, injury incidence, and quality of life. In addition, studies incorporating advanced
biomechanical analyses and functional performance measures, such as swimming speed and stroke
efficiency, would provide stronger evidence regarding their clinical relevance. Such investigations would
further clarify the role of EMG-guided rehabilitation in competitive swimming and may help inform similar
protocols for other overhead sports with comparable neuromuscular demands (4, 5, 9). Given the high
prevalence of scapular dyskinesia among competitive swimmers and the limitations of conventional
rehabilitation approaches, there is a need for evidence-based exercise protocols that specifically target the
neuromuscular deficits associated with this condition. Therefore, the purpose of this study was to develop
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an EMG-guided exercise protocol (SCAP-SYNC) by identifying the scapular stabilization exercises that
produce the greatest activation of key scapular stabilizer muscles in swimmers with unilateral
asymptomatic scapular dyskinesia.

2. Methods

2.1. Study Design and Participants

This protocol development study was conducted to develop an EMG-guided exercise protocol for
swimmers with asymptomatic scapular dyskinesia. Ethical clearance was obtained from the Institutional
Ethics Review Committee (Ref. No. 897), and written informed consent was obtained from all participants
before enrollment in accordance with the Declaration of Helsinki and institutional ethical guidelines. The
study was registered with the Clinical Trials Registry of India (CTRI1/2025/01/079223). Eighteen male
competitive swimmers aged 19-23 years with clinically diagnosed unilateral asymptomatic scapular
dyskinesia were recruited for the study (13). All participants had a minimum of three years of competitive
swimming experience and trained 6—7 sessions per week for approximately 1-2 hours per session. The
study was conducted at the Advanced Physiotherapy Centre, Gait Laboratory, KLE Hospital, Belagavi,
India, between October 2024 and March 2025. Participants were excluded if they had a history of shoulder
fracture, shoulder dislocation, whiplash injury, skin hypersensitivity, active skin infection, allergy to
conductive gel, or any traumatic or systemic condition that could influence participation or affect study
outcomes.

Sample size estimation was performed using G*Power software (Version 3.1, Heinrich Heine University,
Dusseldorf, Germany) for a paired-comparison design (paired t-test). Calculations were based on a two-
tailed significance level of a = 0.05 and a statistical power of 80% (1—p = 0.80). Based on effect sizes
reported in previous studies evaluating scapular stabilizer muscle activation in overhead athletes, the
minimum required sample size was estimated at 16 participants. To account for potential dropouts and
incomplete EMG recordings, the sample size was increased by approximately 10%, resulting in a final
target sample of 18 participants. All recruited participants completed the study.

2.2. Electromyography Setup

Surface electromyography (EMG) was used to record muscle activity from the primary scapular stabilizer
muscles. Electrodes were placed according to SENIAM recommendations over the upper, middle, and
lower trapezius, serratus anterior, infraspinatus, rhomboids, and latissimus dorsi muscles bilaterally (Fig.
1A and 1B) (14). Raw EMG signals were recorded while participants performed the prescribed exercise
tasks. Muscle activity was assessed on both the affected and unaffected sides to evaluate differences in
muscle recruitment patterns associated with unilateral scapular dyskinesia.

Fig. 1. Surface Electromyography Electrode Placement on the Scapular Stabilizer Muscles (A) Anterior View and
(B) Posterior View
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2.3. Experimental Procedure

Following screening and informed consent, demographic information was collected and participants
underwent baseline assessment. Unilateral scapular dyskinesia was confirmed using the Lateral Scapular
Slide Test (LSST) (15). After electrode placement, participants performed 15 commonly prescribed
scapular and shoulder stabilization exercises. Each exercise was performed three times, and the highest
peak muscle activation value obtained across the three trials was selected for analysis (4). Examples of
exercise performance are presented in Fig. 2 and 3. This standardized testing procedure enabled objective
assessment of scapular stabilizer activation and provided the basis for identifying exercises that elicited the
greatest neuromuscular response.

2.4. Protocol Development

To identify the most effective exercises for scapular stabilization in swimmers with asymptomatic scapular
dyskinesia, fifteen commonly prescribed scapular and shoulder stabilization exercises were evaluated using
surface electromyography. Muscle activation of the upper, middle, and lower trapezius, serratus anterior,
latissimus dorsi, infraspinatus, and rhomboid muscles was recorded during each exercise. EMG data were
analyzed to determine which exercises produced the highest activation of the targeted scapular stabilizer
muscles. Exercise selection was based on the magnitude of muscle recruitment, statistical significance, and
effect size. Five exercises demonstrated superior activation patterns and were therefore selected for
inclusion in the SCAP-SYNC (Scapular Synchronization) Protocol. These exercises included the Push-Up
Plus, EIbow-Knee Push-Up, Lawnmower Exercise, Blackburn Exercise, and V-W Dumbbell Exercise. The
15 exercises evaluated in the present study are summarized in Table 1.

Fig. 2. Participant Performing the Push-Up Plus Exercise During Surface Electromyography Recording

Fig. 3. Participant Performing the V-W Dumbbell Raise Exercise During Surface Electromyography Recording
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Table 1. Description of the Evaluated Exercises

Exercise Brief description
Scapular Clock Exercise Scapular control exercise performed by moving the scapula in multiple directions
corresponding to positions on a clock face to improve awareness and mobility.

Push-Up Plus Standard push-up followed by additional scapular protraction at the top of the
movement to maximize serratus anterior activation.

Elbow-Knee Push-Up Dynamic push-up variation involving ipsilateral knee-to-elbow contact during the

lowering phase to challenge scapular stability and core control.
Supine Punch Performed in a supine position with active scapular protraction while maintaining
elbow extension.
Single-Arm TheraBand Row Unilateral rowing movement using elastic resistance emphasizing scapular retraction
and posterior shoulder muscle activation.
Dynamic Hug Resistance exercise involving horizontal shoulder adduction and scapular protraction to
activate the serratus anterior.
Scapular Retractions Isolated scapular stabilization exercise involving active scapular retraction and
depression while maintaining an upright posture.
Shoulder Diagonals Functional diagonal movement pattern performed against resistance to facilitate
coordinated scapular and shoulder muscle activation.

Platform Walk Closed-chain exercise involving finger walking against a wall to promote scapular
mobility, control, and neuromuscular coordination.

Lawnmower Exercise Functional rowing movement combining trunk rotation and scapular retraction to

strengthen posterior shoulder stabilizers.

Blackburn Exercise (I-Y-T-W) Series of prone upper-extremity positions designed to selectively activate the middle
and lower trapezius and other scapular stabilizers.

Cross-Body Adduction Shoulder mobility exercise involving horizontal adduction across the body to improve

posterior shoulder flexibility and scapular movement.
Robbery Exercise Scapular retraction exercise performed with shoulder external rotation, simulating a
“hands-up” posture to facilitate postural muscle activation.
Horizontal Rows Bilateral rowing exercise emphasizing scapular retraction, middle trapezius activation,
and postural control.
V-W Dumbbell Exercise Dynamic movement transitioning between V and W arm positions using light

dumbbells to enhance scapular control and rotator cuff activation.

Based on the EMG findings, the five exercises demonstrating the highest activation of scapular stabilizers
were incorporated into the SCAP-SYNC protocol. The protocol was designed as a progressive
neuromuscular training program aimed at improving scapular control, muscular endurance, and shoulder
biomechanics in swimmers with scapular dyskinesia. Exercises are recommended three times per week for
6-8 weeks, with progression based on movement quality and exercise tolerance. The SCAP-SYNC
protocol has been granted Copyright Registration No. LD-20260186297. The final SCAP-SYNC protocol
derived from the EMG analysis is presented in Table 2.

2.5. Outcome Measures

As this was a protocol development study, all outcome measures were assessed during a single baseline
evaluation session. No post-intervention assessments were performed because the primary objective was
to identify exercises producing the greatest activation of scapular stabilizer muscles for protocol
development.

Table 2. Structure of the SCAP-SYNC Protocol

Exercise Target muscles Sets Repetitions Progression

Push-Up Plus Serratus Anterior 3 10-15 Increase repetitions first, then add
resistance using a vest or elastic band.

Elbow-Knee Push- Middle and Lower 3 10-12 Progress by adding an unstable

Up Trapezius surface or external resistance.

Lawnmower Exercise Rhomboids, Middle 3 12-15 Gradually increase dumbbell weight.

Trapezius

Blackburn Exercise Serratus Anterior, Middle 3 10 repetitions in Add light weights (0.5-2 kg) as

(I-Y-T-W) and Lower Trapezius each position tolerated.

V-W Dumbbell Lower Trapezius 3 10-15 Gradually increase dumbbell weight

Exercise while maintaining proper movement

quality.
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2.6. Lateral Scapular Slide Test (LSST)

The Lateral Scapular Slide Test (LSST) (ICC = 0.95) was used to confirm unilateral scapular dyskinesia.
Measurements were obtained bilaterally in three standardized arm positions: (1) arms relaxed at the sides,
(2) hands on hips with approximately 45° shoulder abduction, and (3) 90° shoulder abduction with internal
rotation. A side-to-side difference greater than 1.5 cm was considered indicative of scapular dyskinesia
(15).

2.7. Surface Electromyography

Surface electromyography (ICC = 0.97) was used to assess muscle activation of the upper, middle, and
lower trapezius, serratus anterior, latissimus dorsi, infraspinatus, and rhomboid muscles during exercise
performance. Bipolar surface electrodes were placed according to SENIAM recommendations, and peak
muscle activation values obtained during each exercise were used for analysis and comparison between the
affected and unaffected sides.

3. Results

Participant characteristics are presented in Table 3. The recruited swimmers were aged between 19 and 23
years and were all male. Participants had a mean swimming experience of 6.83 £ 1.94 years and
participated in an average of 4.50 + 1.38 training sessions per week. Overall, the sample represented a
physically active group of young competitive swimmers. Peak activation of the scapular stabilizer muscles
was assessed using surface electromyography (EMG) during the performance of 15 commonly prescribed
scapular stabilization exercises. Surface EMG electrodes were placed over the upper, middle, and lower
trapezius, serratus anterior, latissimus dorsi, infraspinatus, and rhomboid muscles (Fig 1A and 1B). Mean
muscle activation values for each exercise are presented in Table 4.

Among the evaluated exercises, the Blackburn Exercise demonstrated the highest overall mean muscle
activation (0.57 £ 0.02), followed by the V-W Dumbbell Exercise (0.56 + 0.03), Push-Up Plus (0.54 +
0.03), Elbow-Knee Push-Up (0.54 £ 0.02), and Lawnmower Exercise (0.53 + 0.02). These exercises
consistently elicited greater activation of the scapular stabilizer muscles compared with the remaining
exercises and were therefore considered the most effective candidates for protocol development.

A comparison of peak muscle activation values between the affected and unaffected sides was performed
for the five exercises demonstrating the greatest overall muscle activation (Table 5). Significant differences
were observed between sides for all five exercises (p < 0.05), with greater activation consistently recorded
on the unaffected side.

The largest effect size was observed for the Push-Up Plus exercise (Cohen’s d = 1.41, p =0.0003), followed
by the Blackburn Exercise (Cohen’s d = 1.24, p = 0.0011), Elbow-Knee Push-Up (Cohen’sd = 1.22, p =
0.0009), V-W Dumbbell Exercise (Cohen’s d=1.21, p=0.0013), and Lawnmower Exercise (Cohen’s d =
1.18, p = 0.0048).

These findings indicate substantial differences in scapular stabilizer muscle activation between the affected
and unaffected sides and support the selection of these five exercises for inclusion in the SCAP-SYNC
protocol. Based on the magnitude of muscle activation, statistical significance, and effect size, the Push-
Up Plus, Elbow-Knee Push-Up, Lawnmower Exercise, Blackburn Exercise, and V-W Dumbbell Exercise
were selected as the core components of the SCAP-SYNC protocol.

Table 3. Participant Characteristics

Variable Minimum Maximum Mean SD
Age (years) 19.00 23.00 20.50 1.52
Height (cm) 157.00 180.00 167.33 8.41
Weight (kg) 54.00 81.00 70.50 9.18
Body Mass Index (BMI) 2191 31.25 25.22 3.44
Swimming Experience (years) 5.00 10.00 6.83 1.94
Training Sessions per Week 3.00 7.00 4.50 1.38

BMI: Body Mass Index; SD: Standard Deviation.
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Table 4. Peak Activation of Scapular Stabilizer Muscles During the Evaluated Exercises

Exercise uT MT LT SA LD IS RH Mean = SD
Push-Up Plus* 0.58 0.49 0.57 0.51 0.56 0.57 0.54 0.54 +0.03
Scapular Clock 0.36 0.38 0.49 0.45 0.38 0.39 0.43 0.41+£0.04
Elbow-Knee Push-Up* 0.54 0.56 0.55 0.55 0.56 0.57 0.51 0.54 +0.02
Supine Punch 0.41 0.42 0.49 0.48 0.48 0.46 0.46 0.45+0.03
Single-Arm TheraBand Row 0.44 0.47 0.53 0.49 0.51 0.47 0.48 0.48 +0.02
Dynamic Hug 0.39 0.36 0.39 0.33 0.28 0.37 0.39 0.35+0.04
Scapular Retractions 0.32 0.43 0.44 0.32 0.31 0.27 0.26 0.33+£0.07
Shoulder Diagonal 0.27 0.28 0.43 0.46 0.36 0.32 0.37 0.35+0.07
Platform Walk Exercise 0.32 0.29 0.31 0.28 0.31 0.28 0.33 0.30 £0.02
Lawnmower Exercise* 0.52 0.52 0.56 0.51 0.57 0.56 0.50 0.53+0.02
Blackburn Exercise* 0.59 0.54 0.58 0.59 0.55 0.61 0.59 0.57 £0.02
Cross-Body Adduction 0.43 0.37 0.41 0.36 0.34 0.42 0.22 0.36 £ 0.07
Robbery Exercise 0.24 0.26 0.36 0.33 0.32 0.26 0.28 0.29 +0.04
Horizontal Rows 0.43 0.42 0.38 0.40 0.33 0.28 0.38 0.37 £ 0.05
V-W Dumbbell Exercise* 0.56 0.55 0.58 0.58 0.52 0.59 0.54 0.56 +0.03

Exercises marked with an asterisk (*) demonstrated the highest overall activation and were selected for inclusion in the
SCAP-SYNC protocol. Abbreviations: UT = Upper Trapezius; MT = Middle Trapezius; LT = Lower Trapezius; SA =
Serratus Anterior; LD = Latissimus Dorsi; IS = Infraspinatus; RH = Rhomboids.

Table 5. Five Exercises Demonstrating the Greatest Scapular Stabilizer Activation Selected for Inclusion in the
SCAP-SYNC Protocol

Exercise Affected Side (Mean £ SD)  Unaffected Side (Mean £ SD) Cohen'sd p-value
Push-Up Plus 0.456 + 0.053 0.535+£0.073 1.41 0.0003*
Elbow-Knee Push-Up 0.544 £ 0.064 0.620 £ 0.075 1.22 0.0009*
Lawnmower Exercise 0.535 +£0.072 0.597 + 0.064 1.18 0.0048*
Blackburn Exercise 0.492 +0.066 0.563 + 0.061 1.24 0.0011*
V-W Dumbbell Exercise  0.273 + 0.097 0.391 £0.119 1.21 0.0013*

Statistically significant difference between affected and unaffected sides (p < 0.05).

4. Discussion

The purpose of this study was to identify scapular stabilization exercises that elicit high levels of activation
in key scapular stabilizer muscles in competitive swimmers with unilateral asymptomatic scapular
dyskinesia and to use these findings to develop an EMG-guided exercise protocol. The results demonstrated
that five exercises—Push-Up Plus, EIbow-Knee Push-Up, Lawnmower Exercise, Blackburn Exercise, and
V-W Dumbbell Exercise—produced the greatest levels of muscle activation and were therefore selected
for inclusion in the SCAP-SYNC protocol. Scapular dyskinesia is a common finding in swimmers due to
the repetitive overhead demands of training and competition (1-3). Altered scapular motion has been
associated with impaired scapulohumeral rhythm, inefficient force transfer, and an increased risk of
shoulder pathology (6, 8). Consequently, rehabilitation programs that specifically target the scapular
stabilizers are considered important for restoring normal shoulder mechanics and reducing injury risk in
overhead athletes (14, 17).

The present findings indicate that exercises combining scapular control, stabilization, and coordinated
upper-extremity movement produce greater activation of the scapular stabilizers than several commonly
prescribed alternatives. In particular, the Push-Up Plus and Blackburn Exercise demonstrated high overall
activation levels, which is consistent with previous studies identifying these exercises as effective strategies
for recruiting the serratus anterior and lower trapezius muscles (14, 19). These muscles play a critical role
in scapular upward rotation, posterior tilt, and dynamic stabilization during overhead movements. A
comparison between affected and unaffected sides revealed significant differences in muscle activation
across the selected exercises. Greater activation was consistently observed on the unaffected side,
suggesting persistent neuromuscular asymmetry in swimmers with unilateral scapular dyskinesia. Such
asymmetries may contribute to altered movement patterns and inefficient load distribution around the
shoulder complex, potentially increasing susceptibility to overuse injuries (6, 15).

The SCAP-SYNC protocol was developed by integrating the five exercises that demonstrated the highest
activation levels. The protocol combines both closed-chain and open-chain exercises, allowing recruitment
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of multiple scapular stabilizers through different movement patterns. Closed-chain exercises such as the
Push-Up Plus may enhance joint stability and proprioceptive control, whereas open-chain exercises such
as the Lawnmower and V-W Dumbbell Exercise may promote coordinated muscle recruitment throughout
a greater range of motion (17, 19). An important strength of the present study is the use of surface
electromyography to guide exercise selection. Unlike traditional rehabilitation approaches that rely
primarily on clinical observation, EMG provides objective information regarding muscle recruitment
patterns and allows exercise prescription to be based on quantifiable neuromuscular responses (10, 11).
This approach may assist clinicians in selecting exercises that preferentially activate key scapular
stabilizers in athletes with scapular dyskinesia. Although the present protocol was developed specifically
for competitive swimmers, the underlying principles may also be relevant to other overhead athletes,
including volleyball players, tennis players, and baseball pitchers, who similarly depend on efficient
scapular control during sport-specific movements (8, 9, 15). However, further investigation is required
before the protocol can be generalized to other athletic populations.

Several limitations should be acknowledged. First, the sample size was relatively small (n = 18), which
may limit the generalizability of the findings. Second, all participants were male competitive swimmers;
therefore, the results may not be directly applicable to female athletes or recreational swimmers. Third, the
study focused on acute muscle activation patterns and did not evaluate the long-term effectiveness of the
SCAP-SYNC protocol. Future studies should investigate whether implementation of the protocol leads to
improvements in scapular function, swimming performance, shoulder symptoms, and injury prevention
over time. Longitudinal studies incorporating biomechanical, functional, and clinical outcome measures
would provide stronger evidence regarding the effectiveness of the protocol. Overall, the findings suggest
that EMG-guided exercise selection may be a useful approach for developing targeted rehabilitation
protocols for swimmers with scapular dyskinesia. The SCAP-SYNC protocol provides a structured
exercise framework based on objective muscle activation data and may serve as a foundation for future
intervention studies.

5. Conclusion

This study developed an EMG-guided exercise protocol (SCAP-SYNC) for swimmers with unilateral
asymptomatic scapular dyskinesia by identifying exercises that elicited the highest activation of key
scapular stabilizer muscles. Surface EMG was used to objectively determine the exercises that produced
the greatest muscle recruitment, resulting in the selection of the Push-Up Plus, Elbow-Knee Push-Up,
Lawnmower Exercise, Blackburn Exercise, and V-W Dumbbell Exercise as the core components of the
protocol. The findings indicate that swimmers with unilateral scapular dyskinesia exhibit asymmetrical
muscle activation patterns, with greater activation observed on the unaffected side. Such asymmetries may
contribute to altered scapular control and inefficient load distribution around the shoulder complex. The
SCAP-SYNC protocol provides a structured, evidence-based framework for targeting scapular stabilizer
muscles in swimmers with scapular dyskinesia. Although the long-term effectiveness of the protocol was
not evaluated in the present study, the findings support the use of EMG-guided exercise selection as a
rational approach for developing rehabilitation programs. Future intervention studies are warranted to
determine whether implementation of the protocol improves scapular function, reduces injury risk, and
enhances sport-specific performance outcomes.
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