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ABSTRACT 

Background: Scapular dyskinesis is a common contributor to shoulder pain in overhead athletes, often resulting in impaired 

biomechanics and functional limitations. Conventional physiotherapy relies on therapist-guided correction, which may lack 

consistency and real-time precision. Emerging artificial intelligence (AI)-based motion analysis systems offer the potential to 

enhance rehabilitation through immediate feedback and movement optimization. 

Objective: To determine whether AI-driven real-time motion feedback improves movement patterns and reduces pain more 

effectively than standard physiotherapy in overhead athletes with shoulder pain. 

Methods: A parallel-group randomized controlled trial was conducted in the Islamabad–Rawalpindi region over five months. 

Sixty overhead athletes aged 18–35 years with clinically diagnosed scapular dyskinesis were randomized into an intervention 

group (AI-assisted physiotherapy) or control group (standard physiotherapy). The intervention was delivered over six weeks, 

with three sessions per week. Primary outcomes included pain intensity (Visual Analog Scale) and functional disability 

(Shoulder Pain and Disability Index). Secondary outcomes comprised scapular kinematics, shoulder range of motion, and 

muscle strength. Data were analyzed using paired and independent t-tests, and repeated measures ANOVA. 

Results: Fifty-five participants completed the study (intervention n=27; control n=28). The intervention group demonstrated 

significantly greater reductions in pain (mean difference: -1.3; 95% CI: -1.8 to -0.8; p<0.001) and disability (mean difference: 

-11.2; 95% CI: -15.0 to -7.4; p<0.001) compared to the control group. Significant time × group interactions were observed for 

both VAS (F=18.72, p<0.001) and SPADI (F=22.45, p<0.001). Improvements in scapular kinematics, range of motion, and 

muscle strength were also significantly greater in the intervention group. 

Conclusion: AI-assisted physiotherapy provided superior clinical and functional outcomes compared to standard care, 

suggesting its value as an adjunct in the rehabilitation of scapular dyskinesis among overhead athletes. 
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INTRODUCTION 

Shoulder pain is one of the most prevalent musculoskeletal complaints among overhead athletes, affecting individuals engaged in sports 

such as baseball, volleyball, tennis, and swimming. The repetitive nature of overhead movements places substantial biomechanical 

demands on the shoulder complex, often leading to functional impairments rather than isolated structural pathology (1). Among these 

impairments, scapular dyskinesis has emerged as a key contributor to altered shoulder mechanics and persistent pain. Characterized by 

abnormal positioning or motion of the scapula during arm movement, scapular dyskinesis disrupts the coordinated function of the 

scapulohumeral rhythm, thereby compromising joint stability, increasing subacromial stress, and predisposing athletes to overuse 

injuries (2, 3). The clinical management of scapular dyskinesis traditionally relies on physiotherapy interventions aimed at restoring 

muscular balance, neuromuscular control, and movement coordination. Exercise-based rehabilitation, including scapular stabilization 

and motor control training, has demonstrated efficacy in improving function and reducing symptoms. However, the success of such 

interventions is highly dependent on the quality and consistency of movement execution. Subtle deviations in technique are often 

difficult for patients to recognize independently, and real-time correction by clinicians is limited to supervised sessions (4). 

Consequently, a gap persists between prescribed rehabilitation protocols and their accurate implementation outside clinical settings, 

potentially diminishing therapeutic outcomes (5, 6). 

Recent advances in artificial intelligence have introduced new possibilities for addressing these limitations. Real-time AI motion analysis 

systems, leveraging computer vision and machine learning algorithms, are increasingly capable of detecting movement patterns, 

identifying biomechanical deviations, and providing immediate corrective feedback. Such systems offer a scalable and accessible means 

of augmenting traditional physiotherapy by enabling continuous monitoring and guidance during exercise performance. In the context 

of scapular dyskinesis, where precise motor control is critical, AI-driven feedback may enhance motor learning by reinforcing correct 

movement patterns and reducing compensatory strategies (7). Despite the growing interest in AI-assisted rehabilitation, evidence 

supporting its clinical effectiveness remains limited, particularly in athletic populations with shoulder dysfunction (8). While preliminary 

studies suggest that biofeedback and digital coaching tools can improve adherence and technique, few investigations have rigorously 

compared AI-driven interventions with standard physiotherapy in a controlled experimental framework. Moreover, the specific impact 

of real-time corrective feedback on both biomechanical outcomes and pain reduction in overhead athletes has not been sufficiently 

explored. This represents a critical gap, as optimizing rehabilitation strategies for this population has implications not only for symptom 

resolution but also for performance and injury prevention (9, 10). 

Another important consideration is the integration of technology into routine clinical practice. For AI-based systems to be meaningful, 

they must demonstrate not only technical accuracy but also tangible benefits in patient-centered outcomes. Pain reduction, functional 

improvement, and the restoration of efficient movement patterns are key indicators of successful rehabilitation (11). Understanding 

whether AI motion coaching can deliver superior or complementary benefits compared to conventional physiotherapy is therefore 

essential for guiding clinical decision-making and resource allocation (12, 13). In this context, the present randomized controlled trial 

is designed to evaluate the effectiveness of a real-time AI motion coach in correcting scapular dyskinesis among overhead athletes with 

shoulder pain. The central hypothesis is that AI-driven feedback, by providing immediate and precise movement correction, will lead to 

greater improvements in scapular kinematics and more substantial reductions in pain compared to standard physiotherapy alone. 

Accordingly, the objective of this study is to determine whether the integration of AI-based real-time feedback into rehabilitation 

protocols enhances movement quality and alleviates pain more effectively than conventional physiotherapeutic approaches in this 

population (14). 

METHODS 

The study was conducted as a parallel-group randomized controlled trial in the Islamabad–Rawalpindi region, a setting characterized by 

a high concentration of sports rehabilitation centers and overhead athletes engaged in cricket, badminton, and volleyball, making it 

relevant for evaluating shoulder biomechanics in real-world clinical practice. The total study duration was five months, including 

recruitment, intervention, and follow-up phases, while the intervention itself was administered over six weeks. A sample size of 60 

participants was determined based on effect sizes reported in a comparable interventional study assessing physiotherapy-based scapular 

stabilization in athletes with shoulder dysfunction, allowing adequate power to detect clinically meaningful differences between groups. 

Participants were overhead athletes aged 18–35 years presenting with shoulder pain of at least four weeks’ duration and clinically 

diagnosed scapular dyskinesis through observational scapular dyskinesis tests. Individuals with prior shoulder surgery, acute fractures 

or dislocations, neurological deficits affecting upper limb function, systemic inflammatory conditions, or current participation in other 

structured rehabilitation programs were excluded to minimize confounding variables. After baseline assessment, participants were 

randomly allocated in a 1:1 ratio using a computer-generated randomization sequence. Allocation concealment was ensured through 

sequentially numbered, sealed opaque envelopes prepared by an independent researcher. Due to the nature of the intervention, participant 

and therapist blinding was not feasible; however, outcome assessors were blinded to group allocation to reduce detection bias. 
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The intervention group received an AI-driven motion coaching program integrated with standard physiotherapy. Sessions were 

conducted three times per week for six weeks, each lasting approximately 45 minutes. The AI system utilized real-time motion capture 

via a camera-based interface to provide immediate visual and auditory feedback on scapular positioning and movement during targeted 

exercises, including scapular retraction, upward rotation, and neuromuscular control drills. Each session comprised a 10-minute warm-

up, 25 minutes of guided corrective exercises with AI feedback, and a 10-minute cool-down. The control group received standard 

physiotherapy alone, consisting of therapist-guided scapular stabilization exercises with identical frequency and duration but without AI 

assistance. Adherence was monitored by attendance logs and system usage data, and an intention-to-treat approach was adopted to 

account for dropouts. Primary outcomes included pain intensity measured by the Visual Analog Scale (VAS) and functional disability 

assessed using the Shoulder Pain and Disability Index (SPADI). Secondary outcomes comprised scapular kinematics evaluated by 

observational scoring, shoulder range of motion measured with a goniometer, and muscle strength assessed using a handheld 

dynamometer. All outcomes were recorded at baseline and at the end of the six-week intervention period. Data were analyzed using 

SPSS software. Normality was assessed using the Shapiro–Wilk test. Between-group comparisons were performed using independent 

t-tests, while within-group changes were evaluated using paired t-tests. A repeated measures ANOVA was applied to examine time-by-

group interactions. Pearson correlation analysis was conducted to explore relationships between changes in scapular kinematics and pain 

reduction. Statistical significance was set at p < 0.05. 

 

RESULTS 

A total of 78 overhead athletes were screened for eligibility, of whom 60 met the inclusion criteria and were enrolled in the trial. 

Participants were randomly allocated into the intervention group (n=30) and control group (n=30). During the six-week intervention 

period, three participants from the intervention group were lost to follow-up due to scheduling conflicts (n=2) and minor unrelated 

illness (n=1), while two participants from the control group discontinued due to non-compliance with therapy sessions. Consequently, 

outcome data were analyzed for 55 participants (intervention n=27; control n=28). The overall study duration spanned five months, 

incorporating recruitment, intervention, and follow-up phases, whereas the intervention itself was strictly conducted over six weeks. 

Baseline demographic and clinical characteristics were comparable between groups, with no statistically significant differences observed 

(p>0.05), confirming successful randomization. 

Table 1: Baseline Demographic and Clinical Characteristics of Participants (N=60) 

Variable Total Sample (N=60) Intervention (n=30) Control (n=30) p-value 

Age (years) 24.8 ± 4.2 25.1 ± 4.5 24.5 ± 3.9 0.62 

Gender (Male) 42 (70%) 21 (70%) 21 (70%) 1.00 

Duration of pain (weeks) 7.6 ± 2.1 7.8 ± 2.3 7.4 ± 2.0 0.48 

VAS score 6.5 ± 1.0 6.6 ± 1.1 6.4 ± 0.9 0.39 

SPADI score 58.2 ± 8.5 59.1 ± 8.9 57.3 ± 8.1 0.41 

Post-intervention analysis demonstrated significant improvements in primary outcomes favoring the intervention group. 

Table 2: Post-Intervention Comparison of Primary Outcomes (Final Sample: n=27 vs n=28) 

Outcome Intervention Control Mean Difference (95% CI) p-value 

VAS score 2.1 ± 0.9 3.4 ± 1.1 -1.3 (-1.8 to -0.8) <0.001 

SPADI score 24.6 ± 6.2 35.8 ± 7.5 -11.2 (-15.0 to -7.4) <0.001 

Within-group comparisons using paired t-tests revealed statistically significant reductions in both VAS and SPADI scores in each group 

(p<0.001), with greater magnitude observed in the intervention group. 

Table 3: Within-Group Pre–Post Changes (Final Sample: n=27 vs n=28) 

Outcome Group Baseline Post Mean Change p-value 

VAS Intervention 6.6 ± 1.1 2.1 ± 0.9 -4.5 ± 1.2 <0.001 

VAS Control 6.4 ± 0.9 3.4 ± 1.1 -3.0 ± 1.0 <0.001 

SPADI Intervention 59.1 ± 8.9 24.6 ± 6.2 -34.5 ± 7.8 <0.001 

SPADI Control 57.3 ± 8.1 35.8 ± 7.5 -21.5 ± 6.9 <0.001 
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Repeated measures ANOVA demonstrated a significant time effect (p<0.001), group effect (p<0.01), and a significant time × group 

interaction for both VAS (F=18.72, p<0.001) and SPADI (F=22.45, p<0.001), indicating greater improvement over time in the 

intervention group. Secondary outcomes also favored the intervention group. 

Table 4: Secondary Outcomes (Final Sample: n=27 vs n=28) 

Outcome Intervention Control p-value 

Scapular dyskinesis score 1.2 ± 0.5 2.0 ± 0.6 <0.001 

Shoulder ROM (degrees) 168.5 ± 8.2 155.3 ± 10.1 <0.001 

Muscle strength (kg) 18.6 ± 3.1 15.2 ± 2.8 <0.001 

Pearson correlation analysis revealed a moderate positive correlation between improvement in scapular kinematics and reduction in VAS 

scores (r=0.58, p<0.001). 

  

DISCUSSION 

The present randomized controlled trial demonstrated that the integration of a real-time AI motion coaching system into standard 

physiotherapy resulted in significantly greater improvements in pain reduction, functional outcomes, and scapular biomechanics 

compared to conventional rehabilitation alone in overhead athletes with scapular dyskinesis. The observed reductions in VAS and SPADI 

scores, alongside enhanced range of motion and muscle strength, indicated that augmenting therapist-guided exercises with immediate, 

objective feedback may have facilitated more precise motor relearning and neuromuscular control (15). The significant time × group 

interaction further reinforced that these benefits were not merely attributable to general recovery over time but were specifically 

enhanced by the AI-driven intervention (16). These findings aligned with emerging evidence suggesting that biofeedback and motion-

tracking technologies can optimize rehabilitation outcomes in musculoskeletal disorders. Prior studies evaluating scapular stabilization 

programs have consistently reported improvements in pain and function; however, such interventions often rely heavily on subjective 

therapist cues and patient adherence to correct movement patterns. The addition of real-time AI feedback appeared to address this 

limitation by continuously correcting movement deviations, thereby reinforcing proper scapular kinematics during exercise execution. 

This was supported by the moderate correlation observed between improvements in scapular motion and pain reduction, suggesting a 

clinically meaningful link between biomechanical correction and symptom relief. While earlier investigations into digital or sensor-

based rehabilitation tools have shown promising results, the present study contributed further by demonstrating these effects within a 

controlled trial design and a sports-specific population (17, 18). 

The clinical implications of these findings were notable, particularly in the context of sports rehabilitation where subtle biomechanical 

inefficiencies can predispose athletes to persistent symptoms and recurrent injury. The ability of AI-assisted systems to provide 

standardized, reproducible feedback may reduce variability in treatment delivery and potentially enhance patient engagement. Moreover, 

such technology could extend beyond clinical settings into remote or home-based rehabilitation, addressing barriers related to 

accessibility and continuity of care. Nevertheless, the extent to which these short-term improvements translate into long-term injury 
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prevention or sustained functional gains remained uncertain and warranted cautious interpretation (19). Several strengths supported the 

validity of the study. The use of a parallel-group randomized controlled design with allocation concealment and assessor blinding 

minimized selection and detection biases. The intervention protocol was clearly structured and replicable, and adherence monitoring 

added methodological rigor. Additionally, the inclusion of both subjective and objective outcome measures allowed for a comprehensive 

assessment of treatment effects. The study setting, involving active overhead athletes, enhanced the ecological validity and relevance of 

the findings to real-world clinical practice (20, 21). 

Despite these strengths, certain limitations were evident. The relatively small sample size and short intervention duration may have 

limited the generalizability of the results and the ability to detect longer-term effects. The absence of participant and therapist blinding 

introduced a potential risk of performance bias, particularly given the interactive nature of the AI system. Furthermore, the reliance on 

observational methods for assessing scapular dyskinesis, although clinically practical, may have been less precise than instrumented 

motion analysis techniques. Variability in individual athletic training loads and external activities outside the intervention sessions could 

also have influenced outcomes, despite efforts to standardize rehabilitation protocols (22). Future research should aim to address these 

limitations by incorporating larger, multicenter samples and extended follow-up periods to evaluate the durability of treatment effects. 

The integration of advanced motion capture systems or wearable sensors could provide more granular biomechanical data, enhancing 

the precision of outcome assessment. Comparative studies examining different AI feedback modalities or levels of interactivity may 

further elucidate the mechanisms underlying observed benefits. Additionally, exploring the cost-effectiveness and feasibility of 

implementing such technologies in diverse healthcare settings would be essential for broader clinical adoption (23, 24). 

Overall, the findings suggested that AI-assisted rehabilitation represented a promising adjunct to conventional physiotherapy for 

correcting scapular dyskinesis and alleviating shoulder pain in overhead athletes. However, these results were best interpreted as an 

incremental advancement rather than a replacement for established therapeutic approaches, underscoring the importance of integrating 

technological innovation with sound clinical expertise. 

CONCLUSION 

The integration of real-time AI motion coaching with standard physiotherapy resulted in superior improvements in pain, functional 

ability, and scapular mechanics compared to conventional treatment alone in overhead athletes. These findings highlight the potential of 

AI-driven feedback to enhance movement correction and rehabilitation precision. Incorporating such technology into clinical practice 

may improve therapeutic outcomes, although further research is needed to confirm long-term benefits and broader applicability. 
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