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ABSTRACT 

Artificial Intelligence has emerged as a transformative tool in sports science, enabling 

individualized and adaptive training interventions. Adolescence represents a critical period of 

growth and development, requiring carefully structured resistance training programs. 

Traditional approaches often fail to account for individual variability in maturation, leading to 

suboptimal performance and increased injury risk. AI-driven systems integrate machine 

learning, wearable technologies, and performance analytics to design personalized training 

protocols. This review synthesizes current literature on AI applications in resistance training 

for ado lescent athletes, highlighting benefits, challenges, and future directions. AI-based 

personalization has the potential to optimize training load, enhance performance, and support 

long-term athlete development (Claudino et al., 2019; Van Eetvelde et al., 2021). 

1. INTRODUCTION 

Resistance training plays a vital role in enhancing muscular strength, power, and injury 

prevention among adolescent athletes (Suchomel et al., 2018). However, adolescents exhibit 

significant variability in biological maturation, neuromuscular development, and recovery 

capacity (Lloyd & Oliver, 2012). Standardized training programs often fail to accommodate 

these differences, resulting in inconsistent outcomes. 

Artificial Intelligence (AI) provides an advanced approach to address these limitations by 

enabling data-driven, individualized training prescriptions. AI systems can analyze large 

datasets and generate adaptive training programs tailored to each athlete’s physiological and 

performance characteristics (Rossi et al., 2020). 

2. GROWTH AND DEVELOPMENT IN ADOLESCENT ATHLETES 

Adolescence is characterized by rapid physical, hormonal, and psychological changes. 

Variations in growth spurts, hormonal levels, and neuromuscular coordination significantly 

influence training responses (Lloyd & Oliver, 2012). For example, early-maturing athletes 

may demonstrate higher strength gains compared to late maturers, despite similar 

chronological age. Therefore, resistance training programs must consider biological age 

rather than chronological age (Suchomel et al., 2018). 
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3. LIMITATIONS OF TRADITIONAL RESISTANCE TRAINING PROGRAMS 

Traditional resistance training programs are typically based on generalized principles and 

fixed progression models. While effective to some extent, these approaches often lack 

individualization and adaptability. 

Key limitations include: 

• Uniform training loads regardless of individual differences 

• Lack of real-time monitoring 

• Increased risk of overtraining or undertraining 

• Limited integration of recovery metrics 

These issues highlight the need for more adaptive and personalized training approaches 

(Bishop et al., 2021). 

4. ROLE OF ARTIFICIAL INTELLIGENCE IN SPORTS SCIENCE 

Artificial Intelligence involves computational systems capable of learning from data and 

making predictions or decisions. In sports science, AI techniques such as machine learning 

and deep learning are increasingly used to analyze athlete performance and optimize training 

programs (Claudino et al., 2019). 

AI systems can process complex datasets, including physiological, biomechanical, and 

psychological variables, enabling more precise and individualized training interventions (Van 

Eetvelde et al., 2021). 

5. AI TECHNIQUES USED IN PERSONALIZED RESISTANCE TRAINING 

5.1 Machine Learning Models 

Common AI techniques include: 

• Regression models for predicting performance outcomes 

• Random forest algorithms for identifying key predictors 

• Neural networks for modelling complex training adaptations 
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These models help in understanding the relationship between training variables and 

performance improvements (Rossi et al., 2020). 

5.2 Data Inputs 

AI systems rely on diverse data sources such as: 

• Anthropometric measurements 

• Strength assessments (1RM, isometric strength) 

• Training load parameters 

• Recovery indicators (HRV, sleep) 

• Wearable sensor data 

5.3 Output: Personalized Training Programs 

Based on input data, AI generates individualized recommendations for: 

• Load intensity 

• Training volume 

• Rest intervals 

• Progression strategies 

6. AI-DRIVEN PERSONALIZATION IN RESISTANCE TRAINING 

AI enables dynamic adjustment of training programs based on real-time feedback. For 

example, if an athlete exhibits signs of fatigue (e.g., reduced HRV or performance decline), 

AI systems can modify training intensity accordingly (Van Eetvelde et al., 2021). This 

adaptive approach aligns with principles of long-term athlete development and ensures 

optimal training stimulus while minimizing injury risk (Lloyd & Oliver, 2012). 

7. INTEGRATION WITH WEARABLE TECHNOLOGY 

Wearable devices play a crucial role in AI-based training systems by providing continuous 

data on physiological and biomechanical parameters. 

Common metrics include: 

• Heart rate and heart rate variability 

• Movement velocity 

• GPS-based tracking 

• Sleep and recovery patterns 

These data are processed by AI algorithms to provide real-time insights and training 

recommendations (Claudino et al., 2019). 
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8. BENEFITS OF ARTIFICIAL INTELLIGENCE IN ADOLESCENT RESISTANCE 

TRAINING 

Area Description Impact on Athletes 

Performance 

Enhancement 

AI optimizes load, volume, and intensity 

based on individual data. 

Improved strength and 

power output. 

Injury 

Prevention 

Predicts injury risk using workload and 

fatigue analysis. 

Reduced injury rates and 

safer training. 

Individualization Tailors’ programs based on growth and 

maturation differences. 

Better adaptation and 

development. 

Real-Time 

Monitoring 

Uses wearable data for continuous 

assessment. 

Immediate training 

adjustments. 

Recovery 

Optimization 

Monitors fatigue, HRV, and sleep 

patterns. 

Improved recovery and 

reduced burnout. 

Data-Driven 

Decisions 

Reduces reliance on subjective coaching 

decisions. 

More accurate training 

prescriptions. 

Motivation & 

Engagement 

Provides personalized feedback and 

progress tracking. 

Increased adherence to 

training. 

Long-Term 

Development 

Supports progressive overload based on 

individual readiness. 

Sustainable athletic 

growth. 

9. CHALLENGES AND LIMITATIONS 

Despite its advantages, AI implementation in sports training faces several challenges: 

• High cost of technology and infrastructure 

• Requirement for technical expertise 

• Data privacy and ethical concerns 
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• Limited research specifically on adolescent populations 

These limitations must be addressed for wider adoption (Van Eetvelde et al., 2021). 

10. FUTURE DIRECTIONS 

Future research should focus on: 

• Developing cost-effective AI solutions for schools and academies 

• Integrating AI with mobile applications for coaches 

• Conducting longitudinal studies on adolescent athletes 

• Combining AI with traditional and indigenous training systems 

11. CONCLUSION 

Artificial Intelligence has the potential to revolutionize resistance training in adolescent 

athletes by enabling personalized, adaptive, and data-driven approaches. By integrating AI 

with wearable technologies and sports science principles, training programs can be optimized 

for performance, safety, and long-term development. Continued research and technological 

advancements will further enhance the applicability of AI in youth sports training. 

 

REFERENCES  

1. Bishop, C., Turner, A., & Read, P. (2021). Effects of inter-limb asymmetries on 

physical performance. Sports Medicine, 51(4), 1–15. 

2. Claudino, J. G., et al. (2019). The use of artificial intelligence in sports: A systematic 

review. Journal of Strength and Conditioning Research, 33(3), 1–10. 

3. Lloyd, R. S., & Oliver, J. L. (2012). The youth physical development model. Strength 

and Conditioning Journal, 34(3), 61–72. 

http://www.academejournal.in/


Academe Journal of Education & Psychology                                                             ISSN: 2249-040X  

Volume-16, Issue-1, (Special Issue: June 2026)               Peer Reviewed & Refereed Journal (IF: 6.25) 

PP: 938-943     Journal Website: www.academejournal.in 

Published By: National Press Associates                                                                                                                                          Page 943                                                  
Special Issue: Ai, Ethics and Human Values: Shaping the Future of Higher Education   

Organised by: Government First Grade College, Channapatna, Bangalore South District, Karnataka 

4. Rossi, A., et al. (2020). Injury prediction in team sports using machine learning. PLoS 

ONE, 15(7), e0235691. 

5. Suchomel, T. J., et al. (2018). The importance of muscular strength in athletic 

performance. Sports Medicine, 48(4), 765–785. 

6. Van Eetvelde, H., et al. (2021). Machine learning methods in sport injury prediction. 

Sports Medicine, 51(6), 1–13.  

7. Peake, J. M., et al. (2022). Monitoring training load and recovery in athletes: The role 

of wearable technology and artificial intelligence. Sports Medicine, 52(6), 1231–1248 

8. Impellizzeri, F. M., et al. (2022). Training load and its role in injury prevention: 

Current concepts and future directions using AI. British Journal of Sports Medicine, 

56(10), 561–567.  

9. Wang, L., et al. (2023). Machine learning applications in sports performance 

prediction and training optimization: A systematic review. IEEE Access, 11, 34567–

34580.   

10. Baca, A., et al. (2023). Artificial intelligence in sports performance analysis: 

Applications and future directions. Journal of Sports Sciences, 41(8), 945–960. 

11. Seshadri, D. R., et al. (2023). Wearable sensors for monitoring the physiological and 

biomechanical demands of sport: A review. npj Digital Medicine, 6(1), 1–12. 

12. McCall, A., et al. (2023). Machine learning in injury prediction and prevention in 

sport: A systematic review. British Journal of Sports Medicine, 57(4), 1–9.  

13. Ribeiro, J., et al. (2024). Artificial intelligence-based personalized training programs: 

A new paradigm in strength and conditioning. Frontiers in Sports and Active Living, 

6, 1187654. 

14. Li, X., et al. (2024). Deep learning models for predicting athletic performance and 

training adaptation. Sensors, 24(2), 567.  

15. Zhang, Y., et al. (2024). AI-driven biomechanical analysis in youth athletes: 

Implications for injury prevention and performance. Journal of Biomechanics, 158, 

111679.  

16. Kim, H., et al. (2025). Integration of artificial intelligence and wearable technology in 

resistance training: Applications in youth athlete development. Sports Engineering, 

28(1), 1–15. 

http://www.academejournal.in/

