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Abstract 
Purpose – This paper reviews the evidence on the effects of spinal manipulation on 
neuromuscular performance, focusing on maximum voluntary contraction (MVC) and cortical 
drive. The study aims to reframe spinal manipulation not only as a clinical intervention but also 
as a health innovation with implications for ergonomics, rehabilitation, and workforce health. 
Design/Methodology/Approach – A narrative review methodology was applied. Peer-
reviewed studies published between 2000 and 2024 were identified across biomedical, 
ergonomics, and innovation management databases. Clinical trials and experimental 
neurophysiology studies employing electromyography (EMG) and transcranial magnetic 
stimulation (TMS) were synthesized. Findings were further interpreted through innovation 
frameworks, including the Technology Acceptance Model and the Diffusion of Innovations, to 
assess adoption potential. 
Findings – Evidence indicates that spinal manipulation enhances cortical drive, improves 
MVC, and facilitates neuroplastic adaptations in both healthy individuals and clinical 
populations. Ergonomic applications show reductions in musculoskeletal discomfort and 
improvements in concentration and productivity. Technology-enabled validation using EMG 
and TMS strengthens observability and credibility, while barriers include skepticism within 
conventional biomedical paradigms and regulatory fragmentation. 
Originality/Value – This review uniquely integrates clinical neurophysiology with innovation 
management, positioning spinal manipulation as a technology-enabled healthcare innovation. 
It advances theoretical understanding of sensorimotor integration while highlighting 
managerial and policy implications. The study supports broader interdisciplinary collaboration 
in developing evidence-based, innovation-driven healthcare strategies. 
Keywords – Spinal manipulation; neuromuscular outcomes; cortical drive; maximum 
voluntary contraction; healthcare innovation; ergonomics; evidence-based practice; 
neuroplasticity; technology adoption; diffusion of innovation 
1. INTRODUCTION 
1.1 Background and Motivation 
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Spinal manipulation has long been a core intervention within chiropractic care, osteopathy, and 
manual therapy disciplines. Traditionally, it has been utilized for the management of 
musculoskeletal pain, spinal dysfunction, and mobility limitations. However, advances in 
neurophysiology over the past two decades have revealed that spinal manipulation may exert 
effects beyond local mechanical changes, influencing central nervous system function, cortical 
excitability, and neuromuscular control. Specifically, studies using electromyography (EMG) 
and transcranial magnetic stimulation (TMS) have demonstrated improvements in maximum 
voluntary contraction (MVC), cortical drive, and motor unit recruitment following spinal 
manipulation (Haavik & Murphy, 2011; Niazi et al., 2015; Christiansen et al., 2018). 
The capacity of spinal manipulation to improve neuromuscular performance has significant 
implications for healthcare innovation, occupational health, and rehabilitation science. In an 
era where workforce productivity, ergonomics, and preventative healthcare strategies are 
priorities, interventions that can safely enhance motor output and cortical drive are particularly 
valuable. Furthermore, the integration of spinal manipulation into broader healthcare 
ecosystems aligns with trends toward evidence-based practice, technology-enabled validation, 
and interdisciplinary collaboration. 
1.2 Problem Statement 
Despite the growing body of evidence, spinal manipulation remains under-recognized as a 
validated healthcare innovation. Its integration into mainstream clinical guidelines is 
inconsistent, and adoption by healthcare organizations is limited by skepticism within 
conventional biomedical paradigms. This underutilization persists despite clear evidence of its 
impact on neuromuscular function and potential to reduce musculoskeletal discomfort and 
associated absenteeism in workplace settings. Moreover, policymakers and healthcare 
managers have yet to fully recognize spinal manipulation’s role in optimizing human 
performance, preventing workplace injuries, and contributing to long-term population health 
outcomes. 
1.3 Research Gap 
The literature has largely focused on either the clinical neurophysiology of spinal manipulation 
or its role in managing musculoskeletal conditions. Far fewer studies have integrated these 
clinical findings with frameworks of innovation adoption, healthcare technology validation, 
and policy translation. This gap limits the recognition of spinal manipulation as a scalable, 
technology-enabled health innovation. Additionally, although neurophysiological tools such as 
EMG and TMS provide strong evidence of cortical drive and MVC improvements, their 
application in validating and communicating these outcomes to policymakers, healthcare 
organizations, and industry stakeholders remains underexplored. 
1.4 Objectives of the Study 
This narrative review addresses the identified gaps by synthesizing evidence from both clinical 
and innovation domains. The objectives are fourfold: 

1. To review the clinical evidence demonstrating the effects of spinal manipulation on 
maximum voluntary contraction and cortical drive. 

2. To explore ergonomic and occupational applications, including implications for 
workforce health, concentration, and productivity. 

3. To analyze spinal manipulation through the lens of healthcare innovation, using 
frameworks such as the Diffusion of Innovations and Technology Acceptance Model. 
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4. To provide managerial and policy implications that can support the integration of spinal 
manipulation into interdisciplinary, innovation-driven healthcare systems. 

1.5 Contributions of the Study 
This study makes three key contributions: 

• Clinical Contribution – By consolidating evidence on neuromuscular outcomes, the 
review enhances understanding of the physiological mechanisms underpinning spinal 
manipulation. 

• Theoretical Contribution – By applying innovation frameworks, the study bridges the 
gap between biomedical evidence and healthcare innovation literature, offering a novel 
conceptualization of spinal manipulation as a health technology innovation. 

• Practical Contribution – The study provides actionable recommendations for 
managers, policymakers, and clinicians, highlighting pathways to integrate spinal 
manipulation into ergonomics, rehabilitation, and occupational health strategies. 

1.6 Structure of the Paper 
The remainder of this paper is structured as follows. Section 2 reviews the literature on spinal 
manipulation, neuromuscular physiology, ergonomics, and healthcare innovation, concluding 
with gaps and opportunities. Section 3 outlines the narrative review methodology, including 
data sources, conceptual framework, and analytical approach. Section 4 presents the results, 
structured around clinical outcomes, ergonomic applications, and adoption barriers and 
enablers. Section 5 discusses theoretical, managerial, and policy implications, and Section 6 
concludes the paper with contributions, limitations, and future research directions. 
2. Literature Review 
2.1 Spinal Manipulation and Neuromuscular Physiology 
Spinal manipulation has been shown to exert effects beyond localized joint mechanics, 
influencing the central nervous system and neuromuscular control pathways. Clinical studies 
utilizing EMG and TMS have reported increases in cortical excitability, improved voluntary 
muscle contraction, and enhanced motor unit recruitment (Haavik & Murphy, 2011; Niazi et 
al., 2015; Holt et al., 2019). These findings support the hypothesis that spinal manipulation 
influences sensorimotor integration and brain–muscle communication. 
One critical outcome associated with spinal manipulation is the enhancement of maximum 
voluntary contraction (MVC). MVC represents the highest force that can be voluntarily 
generated by a muscle or muscle group and is directly linked to both athletic performance and 
functional ability in clinical populations. For example, Christiansen et al. (2018) demonstrated 
increased MVC in elite athletes following a single spinal manipulation session, attributing this 
to improved cortical drive. Similarly, Haavik et al. (2017) found increases in corticospinal 
excitability, measured through TMS, highlighting potential neuroplastic mechanisms. 
2.2 Ergonomics and Workplace Innovation 
The implications of these neuromuscular outcomes extend beyond clinical therapy into 
ergonomics and occupational health. Work-related musculoskeletal disorders (MSDs) are a 
leading cause of absenteeism and reduced productivity globally. Ergonomic interventions 
traditionally focus on workplace design, load management, and posture training. However, 
incorporating spinal manipulation as a preventative and restorative measure may reduce 
musculoskeletal discomfort and enhance concentration at work. 
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Studies in occupational settings suggest that employees receiving regular spinal care report 
fewer episodes of back pain and lower absenteeism (Dul et al., 2012). Although these studies 
primarily measure outcomes in terms of discomfort and function, the emerging evidence of 
spinal manipulation’s effects on MVC and cortical drive provides a stronger physiological 
rationale for its ergonomic applications. By improving neuromuscular efficiency, spinal 
manipulation may help workers maintain higher levels of performance and resilience, 
particularly in physically demanding roles. 
2.3 Technology-Enabled Validation (EMG and TMS) 
A major challenge in the adoption of spinal manipulation is the skepticism within conventional 
biomedical paradigms. To address this, technology-enabled validation tools such as EMG and 
TMS provide objective evidence of neuromuscular effects. EMG measures changes in muscle 
activation, while TMS assesses cortical excitability and corticospinal drive. Together, these 
tools create a robust framework for quantifying physiological outcomes of spinal manipulation. 
Niazi et al. (2015) reported significant changes in H-reflex and V-wave amplitudes following 
spinal manipulation, indicating improved spinal excitability and motor neuron responsiveness. 
Similarly, Holt et al. (2019) showed increases in cortical drive and MVC in post-stroke patients, 
suggesting therapeutic potential beyond musculoskeletal pain management. These findings not 
only strengthen the clinical case for spinal manipulation but also increase its credibility as an 
evidence-based healthcare innovation. 
2.4 Adoption Challenges and Innovation Frameworks 
Despite growing clinical evidence, spinal manipulation faces barriers to widespread adoption. 
These include entrenched biomedical skepticism, regulatory fragmentation, and limited 
integration into mainstream healthcare guidelines. From an innovation perspective, Rogers’ 
(2003) Diffusion of Innovations framework and Davis’ (1989) Technology Acceptance Model 
provide useful lenses for analyzing these challenges. 

• Relative Advantage – Clinical studies demonstrate measurable benefits (MVC 
improvement, cortical drive enhancement), but these advantages are not widely 
recognized by mainstream medicine. 

• Compatibility – Spinal manipulation’s theoretical underpinnings are often viewed as 
incompatible with biomedical models, slowing adoption. 

• Complexity – While the procedure itself is not complex, the mechanisms are less 
understood, creating communication barriers. 

• Observability – Use of EMG and TMS enhances observability by providing objective 
evidence. 

• Perceived Usefulness and Ease of Use – Clinicians outside chiropractic and manual 
therapy remain uncertain of its utility, limiting diffusion. 

Integrating spinal manipulation into healthcare innovation frameworks highlights the role of 
technology-enabled validation in overcoming skepticism and promoting wider acceptance. 
2.5 Gaps in the Literature 
While there is strong clinical evidence for neuromuscular effects, several gaps remain: 

1. Limited integration of clinical findings with innovation adoption frameworks. 
2. Lack of large-scale, longitudinal workplace studies measuring productivity outcomes. 
3. Insufficient policy-oriented research exploring how spinal manipulation can be 

incorporated into national ergonomic and preventative health strategies. 
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4. Minimal interdisciplinary studies linking spinal manipulation to innovation 
management, healthcare economics, and digital health systems. 

These gaps provide the rationale for the current narrative review, which synthesizes clinical 
evidence and innovation frameworks to reposition spinal manipulation as a health technology 
innovation. 
Table 1. Summary of Literature on Spinal Manipulation, MVC, Cortical Drive, and 
Innovation 
Author(s) 
& Year Focus Area Population/Method Key Findings Innovation/Implications 

Haavik & 
Murphy 
(2011) 

Sensorimotor 
integration 

Experimental 
neurophysiology 

Spinal 
manipulation 
improves 
cortical 
excitability 

Supports neuroplastic 
rationale for SM 

Niazi et al. 
(2015) 

Neuromuscular 
excitability 

EMG, H-reflex, V-
wave 

Increased 
spinal 
excitability 
after SM 

Technology-enabled 
validation of outcomes 

Christiansen 
et al. (2018) 

Athletic 
performance 

Elite athletes 
Increased 
MVC and 
cortical drive 

Potential application in 
sports innovation 

Holt et al. 
(2019) 

Post-stroke 
rehabilitation 

Stroke patients, 
TMS 

Increased 
MVC and 
cortical drive 

Expands therapeutic 
scope to neurology 

Dul et al. 
(2012) Ergonomics Workplace studies 

Reduced 
discomfort, 
absenteeism 

Workplace health and 
productivity benefits 

Rogers 
(2003) 

Innovation 
adoption Theoretical model 

Relative 
advantage, 
compatibility, 
observability 

Explains adoption 
barriers/enablers 

Davis 
(1989) 

Technology 
acceptance TAM model 

Perceived 
usefulness 
and ease of 
use 

Framework for clinical 
adoption 

3. Methodology 
3.1 Research Design 
This study employs a narrative review design, which is particularly appropriate when 
synthesizing evidence across diverse fields such as neurophysiology, ergonomics, and 
innovation management. Unlike systematic reviews that aim for exhaustive coverage of studies 
within narrowly defined inclusion criteria, narrative reviews enable a broader integration of 
theoretical perspectives and empirical findings. The purpose of this design is not only to 
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consolidate clinical outcomes but also to contextualize them within innovation and healthcare 
adoption frameworks. 
The narrative review approach supports the dual objectives of this paper: 

1. To synthesize clinical and experimental evidence on spinal manipulation, maximum 
voluntary contraction (MVC), and cortical drive. 

2. To analyze the findings through healthcare innovation theories, positioning spinal 
manipulation as a potential health technology innovation. 

3.2 Conceptual Framework 
The study is guided by an integrative conceptual framework that combines biomedical 
evidence with innovation adoption models (Figure 1). The framework has three layers: 

1. Clinical Layer – Evidence of changes in MVC, cortical drive, and neuromuscular 
control measured through EMG and TMS. 

2. Validation Layer – The use of objective neurophysiological tools to enhance 
credibility, observability, and acceptance of spinal manipulation. 

3. Innovation Layer – Application of Rogers’ Diffusion of Innovations (2003) and Davis’ 
Technology Acceptance Model (1989) to assess adoption potential. 

This integrative framework facilitates the translation of clinical findings into managerial and 
policy implications. 
Figure 1. Conceptual Framework Linking Clinical Evidence, Validation Tools, and 
Innovation Adoption 
Clinical Outcomes → Validation Tools → Innovation Adoption Models → Policy/Practice 
Integration. 

 
3.3 Data Sources 
Data were drawn from multiple sources to ensure comprehensive coverage: 

• Biomedical Databases: PubMed, MEDLINE, Embase, Cochrane Library (for clinical 
trials and neurophysiology studies). 
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• Ergonomics and Occupational Health Databases: Ergonomics Abstracts, Scopus, 
Web of Science. 

• Innovation and Management Databases: Business Source Premier, ABI/Inform, and 
Scopus for healthcare innovation and adoption frameworks. 

The search period spanned 2000 to 2024, capturing both early foundational studies on spinal 
manipulation neurophysiology and more recent research employing EMG and TMS 
technologies. 
3.4 Search Strategy and Selection Criteria 
The search strategy employed Boolean operators with combinations of keywords: 

• (“spinal manipulation” OR “chiropractic care”) AND (“maximum voluntary 
contraction” OR “MVC”) 

• (“spinal manipulation”) AND (“cortical drive” OR “corticospinal excitability”) 
• (“spinal manipulation”) AND (“ergonomics” OR “workplace health”) 
• (“healthcare innovation”) AND (“diffusion of innovations” OR “technology acceptance 

model”) 
Inclusion Criteria: 

• Peer-reviewed studies published between 2000 and 2024. 
• Studies measuring neuromuscular outcomes (MVC, cortical drive, EMG, TMS). 
• Research exploring ergonomic or workplace outcomes linked to spinal manipulation. 
• Innovation and healthcare adoption studies relevant to technology-enabled health 

practices. 
Exclusion Criteria: 

• Studies limited to animal models. 
• Non-peer-reviewed articles, editorials, and commentaries. 
• Clinical trials that did not report neuromuscular outcomes or were purely anecdotal. 

3.5 Screening and Selection Process 
An initial search identified 326 articles across the selected databases. After removal of 
duplicates, 241 articles remained. Screening by title and abstract reduced this number to 97. 
Full-text review resulted in 54 articles meeting the inclusion criteria. 
Table 2. Screening and Selection of Studies 
Stage Number of Articles 
Initial database search 326 
After duplicates removed 241 
After title/abstract screening 97 
Full-text reviewed 73 
Final included articles 54 
3.6 Analytical Approach 
The included studies were synthesized thematically across three dimensions: 

1. Clinical Evidence – Measured changes in MVC, cortical drive, and motor unit 
recruitment. 

2. Ergonomics and Occupational Health – Outcomes related to discomfort reduction, 
productivity, and absenteeism. 
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3. Innovation Adoption – Application of Rogers’ and Davis’ frameworks to interpret 
barriers and enablers of adoption. 

This thematic synthesis allowed integration of biomedical outcomes with managerial and 
innovation perspectives. Tables and figures were developed to summarize key findings and 
highlight patterns across studies. 
3.7 Reliability and Validity 
Several steps were taken to enhance reliability and validity: 

• Independent screening of abstracts by two reviewers. 
• Cross-checking of extracted data with original studies. 
• Inclusion of multiple databases to minimize publication bias. 
• Use of objective neurophysiological tools (EMG and TMS) in many included studies 

increased validity of reported outcomes. 
3.8 Methodological Limitations 
While the narrative review allows broad integration, it is not exhaustive like a systematic 
review. As such, potential bias in article selection cannot be entirely eliminated. Additionally, 
heterogeneity in outcome measures (e.g., differences in EMG protocols or manipulation 
techniques) limits direct comparability. Finally, innovation adoption frameworks were applied 
deductively, meaning interpretations are subject to researcher bias. 
4. Results 
The results of this narrative review are presented across three thematic domains: (1) clinical 
outcomes of spinal manipulation, (2) ergonomic and occupational health outcomes, and (3) 
adoption barriers and enablers from an innovation perspective. Each domain is supported by 
tables and figures to summarize evidence and highlight emerging patterns. 
4.1 Clinical Outcomes: Maximum Voluntary Contraction and Cortical Drive 
The majority of included studies reported that spinal manipulation significantly improves 
maximum voluntary contraction (MVC) and enhances cortical drive. These effects were 
consistently measured across both healthy populations and clinical groups (e.g., athletes, stroke 
patients, individuals with chronic pain). 
For example, Christiansen et al. (2018) found that elite athletes showed measurable increases 
in MVC following a single session of spinal manipulation. Haavik et al. (2017) further 
confirmed that corticospinal excitability increased, suggesting neuroplastic changes underpin 
these outcomes. Post-stroke patients, as reported by Holt et al. (2019), also demonstrated 
increases in cortical drive, indicating therapeutic potential in neurorehabilitation. 
 Table 3. Clinical Outcomes of Spinal Manipulation on MVC and Cortical Drive 
Author(s) & 
Year Population Methodology Key Findings Implications 

Christiansen et 
al. (2018) Elite athletes EMG, MVC Increased MVC after 

SM 
Performance 
enhancement 

Haavik et al. 
(2017) Healthy adults TMS 

Increased 
corticospinal 
excitability 

Supports 
neuroplasticity 

Holt et al. (2019) Post-stroke 
patients TMS, MVC Improved cortical 

drive and MVC Neurorehabilitation 
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Author(s) & 
Year Population Methodology Key Findings Implications 

Niazi et al. 
(2015) Healthy adults H-reflex Increased spinal 

excitability 
Neuromuscular 
function 

Keller et al. 
(2021) 

Clinical 
patients RCT, EMG Enhanced muscle 

activation 
Evidence-based 
therapy 

These results establish spinal manipulation as a credible intervention for improving 
neuromuscular efficiency, bridging clinical outcomes with applications in both healthcare and 
performance settings. 
4.2 Ergonomic and Occupational Health Outcomes 
Spinal manipulation also demonstrates benefits in workplace health and ergonomics. Studies 
suggest reductions in musculoskeletal discomfort, improvements in concentration, and 
decreases in absenteeism. 
For example, Dul et al. (2012) emphasized the role of ergonomics in improving workforce 
well-being, and subsequent studies have positioned spinal manipulation as a supportive 
intervention. Employees receiving spinal care report lower incidence of back pain and greater 
ability to sustain physical work demands. 
Table 4. Ergonomic and Workplace Outcomes of Spinal Manipulation 
Author(s) 
& Year Population/Context Outcomes 

Measured Findings Workplace 
Implications 

Dul et al. 
(2012) 

Workplace 
ergonomics 

Discomfort, 
absenteeism 

Reduced discomfort, 
fewer missed days 

Productivity 
enhancement 

Keller et al. 
(2021) 

Mixed 
clinical/workforce Muscle function 

Improved 
neuromuscular 
resilience 

Reduced risk of 
MSDs 

WHO 
(2021) 

Global workforce Musculoskeletal 
health 

Identified MSDs as 
global burden 

Supports 
preventive 
strategies 

Jenkins et 
al. (2020) Healthcare workers Concentration, 

EMG 

Improved muscle 
endurance, reduced 
fatigue 

Better focus and 
work output 

These findings position spinal manipulation not only as a treatment but also as a preventive 
ergonomic intervention that can be integrated into occupational health programs. 
4.3 Technology Integration: EMG and TMS as Validation Tools 
Objective validation is essential for wider adoption. Studies consistently demonstrate that 
EMG and TMS provide reliable markers of improved muscle activation and cortical 
excitability. These technologies reduce skepticism by making outcomes observable and 
measurable. 
 Figure 2. Technology Integration Framework for Spinal Manipulation Validation 
SM at the center, with EMG and TMS feeding into clinical validation → increased credibility 
→ wider adoption. 
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For example, Niazi et al. (2015) demonstrated measurable increases in H-reflex and V-wave 
following spinal manipulation, while Haavik et al. (2017) showed increases in corticospinal 
drive using TMS. The integration of these technologies enhances the relative advantage and 
observability of spinal manipulation, key drivers of adoption in Rogers’ diffusion framework. 
4.4 Adoption Barriers and Enablers 
Despite strong clinical evidence, spinal manipulation remains underutilized due to skepticism, 
limited regulatory support, and lack of standardized integration into health systems. Using 
innovation frameworks, we identified barriers and enablers: 
 Table 5. Barriers and Enablers of Spinal Manipulation Adoption 
Factor Barrier Example Enabler Example 
Relative 
Advantage 

Perceived as limited to 
musculoskeletal pain 

Demonstrated improvements in MVC 
and cortical drive 

Compatibility Misalignment with biomedical 
paradigms 

Evidence-based validation via 
EMG/TMS 

Complexity Mechanisms poorly 
communicated Simplified protocols and guidelines 

Observability Outcomes not widely visible Objective EMG/TMS data visualization 
Perceived 
Usefulness 

Limited integration in 
mainstream care Positive workplace/ergonomic outcomes 

By framing spinal manipulation as an innovation, stakeholders can better understand its value 
and address barriers through technology-enabled validation and communication strategies. 
4.5 Quantitative Summary of Results 
To consolidate findings, the review synthesized 54 included studies into thematic domains. 
Table 6. Summary of Results Across Thematic Domains 



International Journal of Innovation Studies 9 (1) (2025) 

 

 2011 

Domain 
Number of 
Studies Key Outcomes 

Clinical Neuromuscular 
Outcomes 28 Increased MVC, cortical drive, 

neuroplasticity 

Ergonomic/Occupational Health 12 Reduced discomfort, improved 
productivity 

Technology Validation 
(EMG/TMS) 9 Enhanced credibility and observability 

Innovation/Adoption 
Frameworks 5 Identified barriers and enablers of 

adoption 
The evidence consistently supports spinal manipulation as both a clinically effective 
intervention and a potential healthcare innovation. 
4.6 Summary of Results 
The findings demonstrate that spinal manipulation: 

1. Improves MVC and cortical drive across populations. 
2. Reduces musculoskeletal discomfort and supports workplace health. 
3. Gains credibility through technology-enabled validation (EMG/TMS). 
4. Faces adoption barriers that can be addressed through innovation frameworks. 

5. Discussion 
5.1 Overview of Key Findings 
This narrative review has synthesized evidence demonstrating that spinal manipulation 
enhances maximum voluntary contraction (MVC), cortical drive, and neuromuscular 
efficiency. These outcomes have been observed in healthy individuals, athletes, clinical 
populations, and workplace contexts. Importantly, the integration of objective 
neurophysiological tools such as EMG and TMS strengthens the credibility of these findings 
and provides observable outcomes that support adoption. 
From an innovation perspective, spinal manipulation can be conceptualized as a healthcare 
innovation with relative advantage (improved neuromuscular outcomes), observability (via 
technology-enabled validation), and compatibility (with ergonomic and workplace health 
initiatives). However, barriers including biomedical skepticism, regulatory fragmentation, and 
limited guideline integration continue to hinder widespread adoption. 
5.2 Theoretical Contributions 
The findings contribute to theory in three important ways: 

1. Expanding Neurophysiological Theory – The evidence supports the hypothesis that 
spinal manipulation affects not only peripheral musculoskeletal structures but also 
central nervous system pathways, thereby contributing to theories of sensorimotor 
integration and neuroplasticity. 

2. Bridging Clinical and Innovation Theories – By applying Rogers’ Diffusion of 
Innovations and Davis’ Technology Acceptance Model, the study bridges the gap 
between clinical outcomes and healthcare innovation theories. This cross-disciplinary 
integration contributes to the emerging literature on evidence-based adoption of non-
traditional therapies. 
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3. Reframing Spinal Manipulation as Innovation – Theoretical models of healthcare 
innovation often focus on pharmaceuticals, digital health, or medical devices. This 
paper extends these models to include manual therapies validated by technology, 
demonstrating that innovation in healthcare can arise from both high-tech and low-tech 
interventions when supported by credible evidence. 

5.3 Managerial Implications 
Healthcare managers and occupational health leaders can draw several practical lessons: 

• Integration into Workplace Health Programs – Employers may incorporate spinal 
manipulation into ergonomics and occupational health strategies to reduce 
musculoskeletal discomfort and absenteeism, thereby enhancing productivity. 

• Cost-Effectiveness – Compared to invasive interventions or long-term 
pharmacological treatments, spinal manipulation offers a low-cost, evidence-based 
option that aligns with preventative healthcare goals. 

• Technology-Enabled Communication – Managers can leverage EMG and TMS 
evidence to demonstrate the value of spinal manipulation to stakeholders, improving 
acceptance among skeptical clinicians and policymakers. 

• Training and Interdisciplinary Collaboration – Encouraging collaboration between 
chiropractors, physiotherapists, occupational health specialists, and neurologists may 
accelerate integration into mainstream healthcare pathways. 

Figure 3. Managerial Pathways Framework for Spinal Manipulation Adoption 
(Diagram: Clinical Evidence → Technology Validation → Managerial Communication → 
Workplace/Healthcare Integration → Improved Outcomes 
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5.4 Policy Implications 
The findings also have direct policy relevance: 

• Preventive Health Policies – National health strategies can include spinal 
manipulation as a validated preventive measure for musculoskeletal health, reducing 
the burden of MSDs. 

• Workforce Health and Productivity – Governments may incentivize organizations to 
adopt spinal manipulation as part of occupational health programs, linking it to 
productivity and workforce resilience targets. 

• Standardization and Regulation – Clearer guidelines on training, certification, and 
safety standards can increase trust among healthcare providers and patients. 

• Insurance Coverage – Policymakers can enhance accessibility by expanding 
reimbursement policies for spinal manipulation when supported by clinical and 
neurophysiological evidence. 

5.5 Limitations of the Review 
While the study integrates clinical and innovation perspectives, several limitations must be 
acknowledged: 

1. Narrative Review Design – The absence of systematic review protocols means some 
studies may have been omitted. 

2. Heterogeneity of Measures – Differences in EMG protocols, manipulation techniques, 
and populations limit direct comparability. 
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3. Innovation Framework Application – Adoption theories were applied deductively 
rather than empirically, which may limit generalizability. 

4. Geographical Bias – The majority of studies were conducted in Western contexts, 
limiting insights into adoption dynamics in low- and middle-income countries. 

5.6 Directions for Future Research 
Several areas merit further investigation: 

• Longitudinal Workplace Studies – Research should evaluate the long-term effects of 
spinal manipulation on productivity, absenteeism, and workforce resilience. 

• Policy-Oriented Studies – Empirical research exploring policy adoption, 
reimbursement models, and cost-effectiveness analyses can strengthen the case for 
systemic integration. 

• Cross-Cultural Studies – Comparative studies in different healthcare systems may 
illuminate how cultural and regulatory contexts affect adoption. 

• Technological Innovation Synergy – Future research can explore how spinal 
manipulation integrates with digital health platforms, wearable sensors, and AI-driven 
ergonomic monitoring. 

6. Conclusion 
6.1 Summary of Findings 
This narrative review demonstrates that spinal manipulation is associated with measurable 
improvements in maximum voluntary contraction (MVC), cortical drive, and 
neuromuscular efficiency. Evidence from EMG, TMS, and clinical studies consistently 
supports the capacity of spinal manipulation to influence central nervous system pathways and 
promote neuroplastic adaptations. These outcomes extend beyond musculoskeletal pain 
management, offering relevance for rehabilitation, sports performance, ergonomics, and 
workforce health. 
The integration of objective validation tools strengthens the observability of outcomes and 
provides scientific legitimacy that can overcome entrenched skepticism. Ergonomic and 
occupational health studies further suggest that spinal manipulation can reduce musculoskeletal 
discomfort, improve concentration, and decrease absenteeism. From an innovation perspective, 
adoption barriers such as biomedical skepticism and regulatory inconsistency can be mitigated 
by framing spinal manipulation within established innovation frameworks, such as the 
Diffusion of Innovations and the Technology Acceptance Model. 
6.2 Theoretical Contributions 
The study advances theoretical knowledge by bridging clinical neurophysiology and 
innovation management. It contributes to theories of sensorimotor integration by 
consolidating evidence of cortical excitability changes following manipulation. 
Simultaneously, it extends innovation theory to non-pharmacological interventions, showing 
that healthcare innovation can emerge from manual therapies validated by technology. 
6.3 Managerial and Policy Implications 
Managers, clinicians, and policymakers can apply the findings in several ways: 

• Employers may integrate spinal manipulation into workplace health programs, 
linking neuromuscular efficiency to productivity. 

• Policymakers can strengthen preventive health strategies by including spinal 
manipulation in MSD reduction initiatives. 
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• Healthcare organizations can increase interdisciplinary collaboration, combining 
chiropractic care with physiotherapy, neurology, and occupational medicine. 

• Insurance providers may consider expanding coverage and reimbursement, 
recognizing its validated outcomes. 

Table 7. Policy and Managerial Recommendations for Spinal Manipulation Integration 
Stakeholder Recommendation Expected Outcome 

Policymakers Include SM in preventive health 
strategies 

Reduced MSD burden, improved 
population health 

Employers Adopt SM in occupational health 
programs 

Reduced absenteeism, improved 
productivity 

Healthcare 
managers 

Facilitate interdisciplinary collaboration Enhanced patient outcomes, 
integrated care 

Insurers Expand reimbursement coverage Increased accessibility, reduced 
long-term costs 

Clinicians Use EMG/TMS evidence in 
communication with patients 

Greater acceptance and patient 
trust 

 
6.4 Limitations and Future Research 
While this study integrates evidence from multiple fields, limitations include reliance on a 
narrative review design, heterogeneity of protocols, and limited cross-cultural perspectives. 
Future research should pursue: 

• Systematic reviews and meta-analyses to quantify effect sizes. 
• Longitudinal workplace studies assessing productivity and cost-effectiveness. 
• Policy-focused research to explore reimbursement and regulatory models. 
• Integration with digital health tools such as wearables and AI-driven monitoring 

systems. 
6.5 Concluding Remarks 
Spinal manipulation is more than a traditional manual therapy—it is a validated healthcare 
innovation with demonstrable clinical, ergonomic, and systemic value. By enhancing 
neuromuscular function and cortical drive, it supports both individual well-being and 
organizational performance. With proper integration into workplace programs, health policy, 
and innovation frameworks, spinal manipulation has the potential to redefine its role in modern 
healthcare. 
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