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Executive Summary 

Musculoskeletal disorders (MSDs) represent one of the leading global causes of pain, 
disability, reduced work ability, and performance loss across both clinical and athletic 
populations. Over the past decades, "core training" has emerged as a widely used 
intervention in rehabilitation, health promotion, injury prevention, and sport performance. 
Despite its popularity, the concept of core stability has been inconsistently defined and, at 
times, oversimplified, leading to polarized views ranging from uncritical adoption to 
categorical rejection. 

This white paper synthesizes contemporary research on core muscle function, 
neuromuscular control, and integrated training approaches. It demonstrates that core training 
is neither a universal solution nor a myth, but a context-dependent intervention whose 
effectiveness relies on appropriate exercise selection, integration into functional movement, 
and individual adaptation. Evidence from electromyography (EMG), biomechanics, clinical 
trials, and sport performance studies consistently shows that integrated, task-specific core 
activation produces meaningful improvements in trunk control, load transfer, movement 
efficiency, and performance outcomes when applied correctly. 

Furthermore, this paper highlights how digital platforms and AI-supported training systems 
enable scalable, evidence-based implementation of core training across clinical, 
occupational, and athletic settings. Such systems allow standardized delivery, 
personalization, progression control, and outcome monitoring—key requirements for 
large-scale preventive health initiatives and performance programs. 

 

1. Background and Rationale 

1.1 The Global Burden of Musculoskeletal Disorders 

MSDs account for a substantial proportion of global disease burden, contributing to chronic 
pain, disability, productivity loss, and increased healthcare costs. Low back pain alone is 
consistently ranked as the leading cause of years lived with disability worldwide. In 
occupational settings, MSDs are strongly associated with sick leave, reduced work 
participation, and early exit from the workforce. 

International bodies such as the World Health Organization and the International Labour 
Organization emphasize the need for preventive, scalable, and evidence-based interventions 
that address functional capacity and movement health rather than isolated symptoms. 



1.2 The Rise and Controversy of Core Training 

Core training has become a cornerstone of many rehabilitation and conditioning programs. 
However, the term has been used to describe vastly different approaches, ranging from 
isolated activation of individual muscles to highly integrated, multi-joint tasks. 

Criticism of core training has largely targeted reductionist interpretations that emphasize 
isolated muscle activation without functional relevance. This critique is well-founded. 
Nevertheless, rejecting core training entirely ignores a substantial and growing body of 
evidence supporting the role of trunk neuromuscular control in movement efficiency, load 
transfer, injury risk modulation, and performance. 

This white paper aims to clarify these distinctions and provide an evidence-based framework 
for understanding when, how, and why core training is effective. 

 

2. Core Function: Mechanisms and Neuromuscular Foundations 

2.1 The Core as a Functional System 

The core is best understood as a functional system rather than a collection of isolated 
muscles. It includes the muscles of the trunk, pelvis, and hip that contribute to spinal stability, 
force transmission, and postural control during movement. 

Biomechanical models of spinal stability describe a dynamic interaction between passive 
structures (ligaments and discs), active structures (muscles), and neural control systems. 
Stability emerges from coordinated muscle activation rather than maximal strength of 
individual muscles. 

2.2 Neuromuscular Control and Timing 

EMG studies consistently demonstrate that effective trunk control depends on timely, 
task-specific muscle activation. Feedforward and feedback mechanisms adjust trunk stiffness 
in anticipation of and response to movement demands. 

Importantly, the transversus abdominis, multifidus, and other deep muscles do not function in 
isolation but as part of broader muscle synergies. Training approaches that integrate trunk 
activation within whole-body tasks more closely resemble real-world demands than isolated 
exercises. 

2.3 Integrated vs. Isolated Core Exercises 

Comparative EMG studies show that integrated exercises—such as loaded multi-joint 
movements, unstable or asymmetric tasks, and sport-specific drills—often elicit higher and 
more functional trunk muscle activation than isolated floor-based exercises. 

These findings challenge the notion that isolated activation is a prerequisite for effective core 
training and instead support a progression from controlled activation toward integrated, 
functional loading. 
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3. Clinical Relevance of Core Training 

3.1 Low Back Pain and Movement Control 

Low back pain is a heterogeneous condition with multiple contributing factors, including 
altered movement patterns, reduced trunk coordination, and maladaptive motor control 
strategies. Contemporary clinical models emphasize classification-based and 
movement-focused interventions rather than one-size-fits-all protocols. 

Evidence indicates that core training interventions focusing on motor control, coordination, 
and functional integration can reduce pain and disability in selected patient groups. 
Importantly, effectiveness depends on individual assessment and appropriate progression. 

3.2 Rehabilitation and Functional Recovery 

In neurological and orthopedic rehabilitation, trunk control is strongly associated with 
functional outcomes such as balance, gait, and upper-limb performance. Core-focused 
interventions integrated into task-oriented training have demonstrated benefits across diverse 
populations, including stroke survivors and individuals with chronic musculoskeletal 
conditions. 

3.3 Avoiding Overgeneralization 

While core training can be beneficial, it is not universally indicated for all patients or 
conditions. Overemphasis on trunk activation without addressing broader movement 
patterns, load management, and psychosocial factors may limit clinical effectiveness. 
Evidence-based application requires contextual understanding rather than protocol-driven 
implementation. 

 

Tier 1 key references 

●​ O’Sullivan P. Maladaptive movement and motor control in low back pain. Man Ther. 
2005. 

●​ Hides J et al. Multifidus recovery after low back pain. Spine. 1996. 



●​ Tsao H, Hodges PW. Motor training effects in recurrent low back pain. J Pain. 2010. 

●​ Hartvigsen J et al. What low back pain is and why we need to pay attention. Lancet. 
2018. 

●​ Puntumetakul R et al. Core stabilization vs strengthening in lumbar instability. Int J 
Environ Res Public Health. 2021. 

 

 

4. Core Training and Athletic Performance 

4.1 Performance Transfer Mechanisms 

In athletic contexts, the core plays a critical role in force transmission between the lower and 
upper extremities. Efficient trunk control allows athletes to generate, transfer, and absorb 
forces during sprinting, throwing, jumping, and rotational movements. 

Performance gains from core training are most consistently observed when exercises closely 
resemble sport-specific demands and are integrated into broader training programs. 

4.2 Evidence from Sport-Specific Studies 

Systematic reviews and controlled trials show mixed but generally positive effects of core 
training on performance outcomes. Improvements are most evident in sports requiring high 
levels of trunk coordination, such as swimming, handball, climbing, and throwing disciplines. 

These findings underscore the importance of specificity, progression, and integration rather 
than isolated core conditioning. 

 

Tier 1 key references 

●​ Saeterbakken AH et al. Effects of integrated vs isolated core exercises. PLoS One. 
2019. 

●​ Saeterbakken AH et al. Trunk muscle training and athletic performance: systematic 
review. Sports Med. 2022. 

●​ Weston M et al. Isolated core training and sprint performance. Int J Sports Physiol 
Perform. 2015. 

●​ Kibler WB et al. The role of core stability in athletic function. Sports Med. 2006. 

●​ Hung KC et al. Core training and running economy. PLoS One. 2019. 

 

 

5. Digitalization, AI, and Scalable Implementation 

5.1 Challenges in Traditional Delivery 



One of the primary limitations of evidence-based exercise interventions is inconsistent 
delivery, poor adherence, and limited scalability. These challenges are particularly 
pronounced in preventive health and occupational settings. 

5.2 Digital Platforms as Enablers 

Digital training platforms enable standardized yet flexible delivery of exercise interventions. 
Key advantages include structured progression, real-time feedback, adherence monitoring, 
and data-driven personalization. 

AI-supported systems further enhance these capabilities by adapting exercise selection and 
load based on user responses, risk profiles, and performance data. 

5.3 Implications for Health Promotion and Performance Systems 

By combining evidence-based core training principles with digital infrastructure, it becomes 
possible to implement large-scale programs that maintain scientific integrity while addressing 
real-world constraints. This approach aligns with current priorities in preventive healthcare, 
occupational health, and elite sport development. 
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6. Practical Implications 

Evidence from biomechanics, clinical research, and sport science converges on several 
practical principles: 

●​ Core training should be functionally integrated rather than isolated 

●​ Exercise selection must reflect task demands and individual capacity 

●​ Progression from controlled activation to dynamic integration is essential 

●​ Digital tools can enhance scalability, consistency, and outcome tracking 

These principles provide a foundation for designing interventions that are both scientifically 
grounded and practically feasible. 

 

7. Conclusions and Paradigm Shift in Core Training 



Contemporary evidence demonstrates that the effectiveness of core training is fundamentally 
dependent on how it is performed. Traditional low-load, long-duration, and predominantly 
static approaches fail to reflect the neuromuscular and mechanical demands of real-world 
movement, sport, and occupational tasks. 

A clear paradigm shift is emerging within the scientific literature: from isolated, 
endurance-focused core activation toward integrated, high-load, time-efficient, and 
task-specific core training. This shift aligns with evidence from EMG, biomechanics, and 
performance research showing that heavier external loads, shorter contraction times, 
asymmetrical and balance-demanding tasks, and multi-joint movements elicit more 
functionally relevant trunk muscle activation. 

The CoreCapacity methodology is explicitly aligned with this paradigm shift. By combining 
higher external loads, reduced hold times, dynamic and balance-oriented exercises, and 
progressive integration into functional movement patterns, the method targets both 
neuromuscular efficiency and force transfer capacity. Importantly, this approach 
simultaneously enhances physical performance, perceived self-efficacy, motivation, and both 
physical and mental robustness. 

Beyond physiological mechanisms, CoreCapacity addresses a critical gap in current practice: 
adherence and engagement. Enjoyable, varied, and challenge-based training formats 
increase motivation and long-term participation—key determinants of real-world effectiveness 
in both preventive health and performance contexts. 

When embedded within a digital and data-driven framework, this approach allows scalable, 
evidence-based delivery without sacrificing individualization or safety. In this sense, 
CoreCapacity does not merely apply existing evidence—it actively operationalizes and 
advances the evolving scientific understanding of core training. 

In summary, core training is undergoing a methodological transformation. Integrated, 
high-quality, and context-sensitive approaches represent the future of musculoskeletal health 
promotion and performance enhancement. CoreCapacity stands as a clear driver and 
initiator of this transition, translating scientific insight into practical, scalable, and impactful 
solutions. 

 

8. Priority Research Questions 

●​ Does high-load, short-duration, integrated core training produce superior functional 
and performance outcomes compared to traditional low-load endurance-based 
approaches? 

●​ How do balance-demanding and asymmetric core exercises influence neuromuscular 
coordination and injury resilience? 

●​ Can digital delivery of advanced core training models improve adherence, perceived 
self-efficacy, and long-term health outcomes in occupational and athletic populations? 

 

This white paper is intended as a foundation for further scientific publication and 
evidence-based implementation in clinical, occupational, athletic, and other relevant settings. 



 

 

 

 


