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ABSTRACT

Scapular dyskinesia, characterized by altered scapular motion d
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training and rehabilitatiarnTo develop an EM&uided exercise protocol to enhant
scapular stabilizer muscle activation in swimmers with scapular dyskinesia.
m This protocol development study recruited 18 male professional swimi
aged 1923 years who were diagnosed withlatéral scapular dyskinesia using tt
Lateral Scapular Slide Test (LSST). Participants performed 15 commonly
scapular stabilization exercises. Surface EMG was used to record bilateral n
activation of the trapezius (upper, middle, and lower fihesgrratus anterior,
infraspinatus, rhomboids, and latissimus dorsi. Peak muscle activation values
compared between the affected and unaffected sides to identify the most eff
exercises

Keywords: Five exercised pushup plus, elbowknee puskup, lawnmower, Blackburn,
and VAW dumbbell drilb elicited significantly greater activation of the scapul

Shoulder pain, stabilizing muscles. These exercises were subsequently integrated into an evi

Electromyography, based training protocol termed SCARNC.
Rehabilitation The SCARSYNC probcol provides a concise and targeted set

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

Scapular dyskinesia (SD) is characterized by abnormal movement or positioning of the daapgla
shoulder motion and is commonly observed in competitive swimmers due to the repetitive overhead nature
of the sport {i 3). While symptomatic SD receives clinical attention because of its association with pain
and dysfunction, symptomatic 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 timel(?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 upgdremity function {).
Swimmers perform thousands of olread strokes each week, including freestyle, butterfly, and
backstroke, placing substantial repetitive demands on the scapulothoracic muscdlafreTbese
repetitive movements may lead to muscle imbalarfatigue, and dysfunction of the scapular stabilizers,
thereby predisposing athletes to SIDE). Epidemiological studies indicate that the prevalence of scapular
dyskinesia among swimmers varies considerabiyy ieported rates ranging from 8.5% to as high as 61%
during or immediately after training sessiofis/). Asymptomatic SD has been reported frequently in elite
young swimmers, with a higher incidence amongemand endurance swimmegs. (

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
pahologies, including shoulder impingement syndrome, rotator cuff tendinopathy, and glenohumeral
instability, collectively 6r8 Thenfore éarlytidentifecation fasdwi mmer 6 s
intervention are essential to prevent progression from asymptomatic SD to painful dysfunction and
performance declinedy.

Conventional screening methods for SD, which often rely on observational or manual assessment
techniques, mayail to detect subtle or dynamic muscular imbalances effectivély2). Surface
electromyography (EMG) provides an objective and quantitative method for assessitimeaaliscle
activation patterns during futional activities. This technology enables clinicians and coaches to identify
underactive or overactive muscles involved in scapular control more accuratelyll), thereby
facilitating individualized rehalitition programs based on neuromuscular function rather than solely on
clinical observationX0). Integrating EMGguided rehabilitation strategies into swimmer conditioning and
rehabilitation programs may provide several benefitadidition 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 prevento@)( Improved scapular positioning and
movement may facilitate more effective force transfer while minimizing compensatory muscular overload
that frequently contributes to overuse injuries in swimmersL{). 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 outcdrfles (

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 injuryrelated time loss2( 9). Moreover, improvements in scapular muscle function and shoulder
biomechanics may contribute to enhanced endurance and power production during competitive
performance4, 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 practicel( 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 healtt8(9).

Future research should investigate the {arm effectiveness of EM@uided rehabilitation protocols on
performance outcomes, injury incidence, and quality of life. In addition, studies incorporating advanced
biomechanical analyses and functiomarformance measures, such as swimming speed and stroke
efficiency, would provide stronger evidence regarding their clinical relevance. Such investigations would
further clarify the role of EM@uided rehabilitation in competitive swimming and may helprimfsimilar
protocols for other overhead sports with comparable neuromuscular derabd8)( Given the high
prevalence of scapular dyskinesia among competitive swimmers and the limsitaficconventional
rehabilitation approaches, there is a need for evidbased 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 EMGguided exerae protocol (SCAFSYNC) 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-gihtied exercise protocol for
swimmers with asymptomatic scapular dyskinesia. Ethical clearance was obtained from the Institutional
Ethics Review Committee (Ref. No. 897), and written inform@asent 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 (CTRI/2025/01/079223). Eighteen male
compeitive swimmers aged 123 years with clinically diagnosed unilateral asymptomatic scapular
dyskinesia were recruited for the stud); All participants had a minimum of three years of competitive
swimming experience and trainedl6sessions per week for approximately2 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 ahsstowyder
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 estimatn was performed using G*Power software (Version 3.1, Heinrich Heine University,
Dusseldorf, Germany) for a pairedmparison design (paireedst). Calculations were based on a-two
tailed significance | evel of U= G80)0Baskdon affect sizas st at i st |
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 reaalings, 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 adtivitythe 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 bilatgrally (

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 recruitmetrpatterns 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 informedonsent, demographic information was collected and participants
underwent baseline assessment. Unilateral scapular dyskinesia was confirmed using the Lateral Scapular
Slide Test (LSST) 1(5). After electrode placement, participantsifpemed 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 afjalizsianjpes of

exercise performance are presenteliin 2and3. This standardized testing procedure enabled objective
assessment of scapular stabilizer activation and provided the basis for identifying exeatsestdd 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 stabilizagocises 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 dermine 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 #ictivpatterns and were therefore selected for
inclusion in the SCARSYNC (Scapular Synchronization) Protocol. These exercises included th&Jpush

Plus, ElbowKnee PuskJp, Lawnmower Exercise, Blackburn Exercise, aRdADumbbell Exercise. The

15 exercisegvaluated in the present study are summarizédirie 1

Fig. 2. Participant Performing the Pudip Plus Exercise During Surface Electromyography Recording

Fig. 3. Participant Performing the W Dumbbell Raise Exercideuring 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 directio
corresponding to positions orckock face to improve awareness and mobility.
PushUp Plus Standard pushp followed by additional scapular protraction at the top of the
movement to maximize serratus anterior activation.
Elbow-Knee PusHJp Dynamic puskup variation involving ipsilatef&neeto-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 maintainir
elbow extension.
SingleArm TheraBand Row Unilateral rowingmovement using elastic resistance emphasizing scapular retrac
and posterior shoulder muscle activation.
Dynamic Hug Resistance exercise involving horizontal shoulder adduction and scapular protrac
activate the serratus anterior.
ScapulaRetractions Isolated scapular stabilization exercise involving active scapular retraction an
depression while maintaining an upright posture.
Shoulder Diagonals Functional diagonal movement pattern performed against resistance to facilite
coordinated sapular and shoulder muscle activation.
Platform Walk Closedchain exercise involving finger walking against a wall to promote scapuli
mobility, control, and neuromuscular coordination.
Lawnmower Exercise Functional rowing movement combining trurdtation and scapular retraction to
strengthen posterior shoulder stabilizers.
Blackburn Exercise {¥-T-W) Series of prone upp@xtremity positions designed to selectively activate the midc
and lower trapezius and other scapular stabilizers.
CrossBody Adduction Shoulder mobility exercise involving horizontal adduction across the body to impi
posterior shoulder flexibility and scapular movement.
Robbery Exercise Scapular retraction exercise performed with shoulder external rotation, thigwa
Ahawpe® posture to facilitate p
Horizontal Rows Bilateral rowing exercise emphasizing scapular retraction, middle trapezius activi
and postural control.
V-W Dumbbell Exercise Dynamic movement transitioning betweé¢rand 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 SCAFPYNC protocol. The protocol was designed as a progressive
neuromuscular training program aimed at improving scapmaatrol, muscular endurance, and shoulder
biomechanics in swimmers with scapular dyskinesia. Exercises are recommended three times per week for
6i 8 weeks, with progression based on movement quality and exercise tolerance. Th&SBOAP
protocol has been gnted Copyright Registration No. LP0260186297. The final SCABYNC protocol

derived from the EMG analysis is presented @ble 2

2.5. Outcome Measures

As this was a protocol development study, all outcome measuresagsaesed during a single baseline
evaluation session. No peistervention 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 SCABYNC Protocol

Exercise Target muscles Sets Repetitions Progression

PushUp Plus Serratus Anterior 3 10i 15 Increase repetitions first, then add
resistance using a vest or elastic bai

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

Up Trapezius surface or external resistance.

Lawnmower Exercise Rhomboids, Middle 3 12715 Gradually increase dumbbell weight

Trapezius

Blackburn Exercise Serratus Anterior, Middle 3 10 repetitionsn Add light weights (0.52 kg) as

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

V-W Dumbbell Lower Trapezius 3 10i 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 Slideest (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 (3n60fder abduction with internal
rotation. A sideto-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 werequaaccording 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 presentetlable 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 samapEntegra
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. Surf&dG electrodes were placed over the upper, middle, and lower
trapezius, serratus anterior, latissimus dorsi, infraspinatus, and rhomboid migctes and 1B. Mean

muscle activation values for each exercise are presentexbin 4

Among the evaluated exercises, the Blackburn Exercise demonstrated the highest overall mean muscle
activation (0.57 = 0.02), followed by the-W Dumbbell Exercise (0.56 + 0.03), PusSip Plus (0.54 +

0.03), ElbowKnee PusHJp (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 pletetampment.

A comparison of peak muscle activation values between the affected and unaffected sides was performed
for the five exercises demonstrating the greatest overall muscle activiatide §. 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 fortheRUgh Pl us exerci se (Cohenés d = 1. 4
by the Blackburn Eer ci se ( Cohenb6s d -KnedRPugdp PECechOn®D1d)s EI DD
0.0009), VW Dumbbel | Exercise (Cohenés d = 1.21, p = 0.001

1.18, p = 0.0048).

These findings indicate substantial differences ingieaystabilizer muscle activation between the affected
and unaffected sides and support the selection of these five exercises for inclusion in th8YTAP
protocol. Based on the magnitude of muscle activation, statistical significance, and effetesiasH

Up Plus, ElbowKnee PusHJp, Lawnmower Exercise, Blackburn Exercise, arRdM\Dumbbell Exercise
were selected as the core components of the S&ARC 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) 21.91 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 Massindex; SD: Standard Deviation.
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