Ke Ai International Journal of Innovation Studies

CHINESE ROOTS
GLOBAL IMPACT

INNOVATIVE PERSPECTIVES ON SPINAL MANIPULATION:
NEUROMUSCULAR OUTCOMES AND IMPLICATIONS FOR HEALTH
TECHNOLOGY INNOVATION

David Morton
M aI1ID : info morton-chiropraktik.de
Phone ID for the submission : +491736831060
Affiliation: Nicolaus -Zech — Strabe 3; 96450 Coburg
ORCID: 0009-0007-2915-94

Milan Luliak

Fabian Renger
St. Elizabeth University of Health and Social Work

Abstract

Purpose - The paper aims to reframe spinal manipulation from its traditional biomedical context
into the domain of healthcare innovation. By analyzing its effects on neuromuscular outcomes
and workplace health, the study explores how spinal manipulation can be positioned as a
validated health technology innovation with managerial and policy relevance.
Design/Methodology/Approach -A narrative review was conducted, synthesizing 54 peer-
reviewed studies published between 2000 and 2024 across biomedical, ergonomics, and
innovation management domains. Clinical trials, neurophysiological experiments, and
organizational studies were coded thematically. Innovation frameworks such as the Diffusion
of Innovations and the Technology Acceptance Model were applied to interpret adoption
barriers and enablers.

Findings - Results indicate that spinal manipulation improves cortical drive, maximum
voluntary contraction, and motor unit recruitment. Ergonomics studies report reductions in
musculoskeletal discomfort and absenteeism, alongside improvements in concentration and
productivity. Technology-enabled validation tools (EMG and TMS) enhance credibility and
observability, supporting wider adoption. Barriers include regulatory uncertainty and low
compatibility with biomedical paradigms.

Originality/Value - The study contributes to both clinical and innovation literature by
conceptualizing spinal manipulation as a healthcare innovation. It advances theoretical
integration between clinical evidence and innovation adoption models while offering practical
implications for managers, clinicians, and policymakers. By positioning spinal manipulation as
an innovation, the paper opens pathways for interdisciplinary collaboration and technology-
enabled healthcare transformation.

Keywords - Spinal manipulation; healthcare innovation; neuromuscular outcomes; cortical
drive; ergonomics; evidence-based practice; technology adoption; diffusion of innovation;
digital health; interdisciplinary integration
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1. Introduction
Healthcare systems worldwide are under increasing pressure to balance clinical effectiveness,
cost efficiency, and innovation adoption. Traditional biomedical interventions are often
evaluated in terms of their physiological efficacy, but less attention is given to how such
practices can be reframed as innovations with implications for organizational strategy,
healthcare policy, and technology development. One such practice is spinal manipulation, a
manual therapy technique originating from chiropractic medicine, which has demonstrated
measurable effects on neuromuscular outcomes, cortical drive, and functional performance
(Haavik & Murphy, 2012).
The significance of spinal manipulation lies not only in its therapeutic benefits but also in its
potential role as a healthcare innovation. With the global shift toward evidence-based
practice, interdisciplinary integration, and digital health technologies, spinal manipulation
can be examined through the lens of innovation studies. This perspective allows us to explore
how emerging evidence, technological tools (such as EMG and TMS), and organizational
adoption frameworks converge to redefine the role of traditional therapies in modern healthcare.
1.1 Background and Motivation
Neuromuscular health remains a key determinant of quality of life, productivity, and
independence. Disorders related to muscle weakness, poor motor control, and reduced cortical
drive contribute to significant healthcare costs globally (World Health Organization, 2021).
Research has shown that spinal manipulation can enhance maximum voluntary contraction
(MVC), improve cortical excitability, and modulate brain—muscle pathways (Haavik et al.,
2017). These outcomes position spinal manipulation as not merely a therapeutic technique but
a potentially disruptive innovation within the musculoskeletal and neurological care
landscape.
Moreover, the rise of digital health technologies has enabled more precise measurement of
neuromuscular outcomes, offering opportunities to integrate spinal manipulation into data-
driven innovation ecosystems. The use of surface electromyography (sEMG) and
transcranial magnetic stimulation (TMS) illustrates how traditional practices can be
validated, scaled, and embedded within technology-supported healthcare systems.
1.2 Problem Statement
Despite growing scientific evidence, spinal manipulation remains underutilized and often
marginalized in mainstream healthcare. Several barriers contribute to this:

1. Professional silos between chiropractic, physiotherapy, and neurology.

2. Regulatory hesitancy, where lack of standardized evidence slows adoption.

3. Perceived lack of innovation framing, where spinal manipulation is seen as

“alternative” rather than an evidence-based innovation.

This disconnect limits the integration of spinal manipulation into broader health innovation
strategies, despite its potential to improve patient outcomes and reduce reliance on
pharmacological or invasive interventions.
1.3 Research Gap
While numerous clinical studies demonstrate the neurophysiological effects of spinal
manipulation, few have analyzed it within the frameworks of innovation adoption, diffusion
of healthcare practices, and technology integration. The absence of such analysis creates a
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gap in understanding how traditional therapies can contribute to innovation management and
system-wide healthcare transformation.

1.4 Objectives and Contributions
This paper seeks to bridge this gap by:

1. Synthesizing clinical evidence on spinal manipulation’s effects on neuromuscular

outcomes.
2. Reframing these findings as contributions to healthcare innovation and management.
3. Proposing an integrated framework that connects clinical efficacy, technology adoption,
and innovation diffusion.

The study contributes to both clinical and innovation literature by positioning spinal
manipulation as a health technology innovation, with implications for policymakers,
practitioners, and researchers.
1.5 Structure of the Paper
The remainder of this paper is structured as follows: Section 2 presents the literature review,
linking ergonomics, spinal manipulation, and innovation. Section 3 outlines the methodology
for the narrative review and innovation framing. Section 4 provides results of the synthesis,
while Section 5 discusses theoretical and managerial implications. Section 6 concludes with
contributions, limitations, and directions for future research.
2. Literature Review
2.1 Spinal Manipulation and Neuromuscular Outcomes
Spinal manipulation (SM) is a high-velocity, low-amplitude (HVLA) technique applied to
spinal joints. Clinical and experimental studies show that SM influences neuroplasticity,
enhances corticomotor excitability, and improves maximum voluntary contraction of
muscles (Haavik & Murphy, 2011; Niazi et al., 2015). Randomized trials have found immediate
improvements in grip strength, motor control, and proprioception following manipulation
(Christiansen et al., 2018). These findings highlight SM’s potential as a low-cost, non-invasive
intervention with broad applications in musculoskeletal and neurological health.
2.2 Ergonomics, Occupational Health, and Innovation
From an ergonomics and occupational health perspective, spinal manipulation aligns with
broader efforts to optimize human function and workplace productivity. Research shows that
interventions improving musculoskeletal function directly contribute to reduced absenteeism,
enhanced performance, and workplace innovation (Dul et al., 2012). However, the management
sciences literature has seldom connected such interventions to strategic innovation
frameworks, leaving a missed opportunity to conceptualize ergonomic interventions as
innovation enablers.
2.3 Technology Integration: EMG and TMS as Health Innovations
The development of surface electromyography (SEMG) and transcranial magnetic
stimulation (TMS) represents a paradigm shift in validating manual therapies. These tools
enable real-time measurement of cortical excitability and motor unit recruitment, transforming
subjective practices into quantifiable innovations. The integration of such technologies
positions spinal manipulation within digital health ecosystems, where data-driven validation
is critical for adoption and scaling (Jenkins et al., 2020).
2.4 Innovation Adoption in Healthcare
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Theories of innovation diffusion (Rogers, 2003) and technology acceptance (Davis, 1989)
provide useful frameworks for understanding why spinal manipulation has struggled with
mainstream adoption. Innovations with high relative advantage, compatibility, and
observability tend to diffuse more rapidly. While SM demonstrates clinical benefits, its
adoption is hindered by low perceived compatibility with biomedical models and limited
institutional endorsement. Addressing these barriers requires reframing SM as a scientifically
validated, technology-supported innovation.
2.5 Gaps in the Literature
The review highlights several gaps:
e Most spinal manipulation research remains biomedical, with little integration into
innovation management frameworks.
e Few studies analyze how technology-enabled measurement (EMG/TMS) can
facilitate adoption.
e The role of healthcare managers and policymakers in scaling evidence-based
traditional therapies remains underexplored.
Table 1. Summary of Literature on Spinal Manipulation, Neuromuscular Outcomes, and
Innovation

Dimension Findings Representative Studies |Gaps Identified
.. SM enhances corticalHaavik &  Murphy . .

1 1 . Lack t
Clinica ) drive, MVC, and(2011); Christiansen et al. ac S fnovation
Neurophysiology . . framing

proprioception (2018)
I kpl .
Ergonomics & FIproves workplace Not linked tq
performance and reducesDul et al. (2012) ) ) .
Health .. innovation strategies
injury
Technology EMG and TMS validateNiazi et al (2015);Few adontion studies
Integration neuromuscular effects  |Jenkins et al. (2020) P
. T, . [Limited
Innovation Barriers in diffusion dueRogers (2003); Davis|. 1m1§ .
Adoption to perception, polic (1989) interdisciplinary
P P ’ Y analysis

3. Methodology
3.1 Research Design
This study adopts a narrative review with an innovation framing. Narrative reviews are well
suited for synthesizing diverse findings across disciplines, particularly when the goal is not only
to report outcomes but also to interpret them in the light of innovation theory, healthcare
management, and technology adoption (Green et al., 2006). The design allows integration of
clinical neurology, ergonomics, and innovation studies, generating a comprehensive framework
for understanding spinal manipulation as a potential health technology innovation.
Unlike systematic reviews that focus narrowly on randomized controlled trials (RCTs), the
narrative approach provides flexibility to incorporate:

o Clinical trials and neurophysiological experiments (e.g., EMG, TMS).

o Health systems and ergonomics studies related to productivity and workplace well-

being.
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o Innovation adoption literature such as diffusion of innovations and technology
acceptance.
The review process was guided by three central questions:
1. What are the clinical and neurophysiological effects of spinal manipulation on cortical
drive and neuromuscular performance?
2. How can these outcomes be reframed as innovations within healthcare systems?
3. What barriers and enablers affect the adoption of spinal manipulation as a health
innovation?
3.2 Conceptual Framework
The methodology is guided by a conceptual framework linking ergonomics, spinal
manipulation, and innovation adoption.
Figure 1. Conceptual Framework Linking Spinal Manipulation, Workplace Health, and
Innovation Adoption
Spinal Manipulation — Cortical Drive & Neuromuscular Outcomes — Workplace Health —
Innovation Adoption, moderated by Technology Integration & Organizational Support

1877



International Journal of Innovation Studies 9 (1) (2025)
This framework assumes that:
e Direct Pathway: Spinal manipulation improves neuromuscular outcomes (MVC,
cortical drive).
e Mediating Pathway: Improved health enhances productivity and creativity,
contributing to organizational innovation.
e Moderating Pathway: Adoption depends on technology validation (EMG/TMS) and
organizational support (training, regulation, interdisciplinary acceptance).
3.3 Data Sources and Search Strategy
To capture the breadth of evidence, multiple databases were searched:
¢ Biomedical databases: PubMed, MEDLINE, CINAHL, and Cochrane.
o Innovation and management databases: Scopus, Web of Science, Dimensions, and
ProQuest.
e Grey literature: WHO health reports, policy briefs, and doctoral dissertations.
Search terms combined clinical and innovation keywords:
e Clinical: “spinal manipulation,”
“EMG,” “TMS.”
e Innovation: “healthcare innovation,” “technology adoption,” ‘“ergonomics and
productivity,” “diffusion of innovation.”
The time frame was limited to 2000-2024 to ensure inclusion of both foundational and recent
digital health studies.
3.4 Inclusion and Exclusion Criteria
Inclusion:

cortical drive,” “maximum voluntary contraction,”

o Peer-reviewed studies on spinal manipulation and neuromuscular outcomes.
e Research integrating digital measurement tools (EMG, TMS).
o Innovation studies addressing healthcare adoption and diffusion.
Exclusion:
e Non-English studies without translation.
o Papers focusing solely on patient satisfaction without neurophysiological data.
o Studies on non-spinal manipulative therapies unless linked to innovation contexts.

3.5 Screening and Selection
A total of 423 articles were initially retrieved. After removing duplicates and applying inclusion
criteria, 85 articles were shortlisted. Following full-text review, 54 studies were included for
detailed synthesis:

e 32 clinical/biomedical studies.

e 12 ergonomics/occupational health studies.

e 10 innovation and adoption studies.
Table 2. Summary of Literature Selection Process

Stage Number of Articles Outcome

Initial retrieval 423 All search results
Duplicates removed| 76 347 remaining
Abstract screening 196 151 excluded
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Stage Number of Articles Outcome
Full-text review 85 31 excluded
Final inclusion 54 Used in synthesis

3.6 Analytical Approach
The synthesis followed a thematic coding approach:
1. Clinical Evidence Coding: Extracted findings on neuromuscular outcomes, cortical
excitability, and performance metrics.
2. Technology Integration Coding: Focused on studies using EMG and TMS for
validation.
3. Innovation Adoption Coding: Applied innovation theory constructs such as relative
advantage, compatibility, complexity, trialability, and observability (Rogers, 2003).
Both quantitative and qualitative data were integrated. Quantitative effect sizes (where
available) were summarized descriptively, while qualitative adoption barriers were analyzed
through thematic clustering.
3.7 Reliability and Validity
To ensure robustness, several steps were taken:
o Inter-rater reliability: Two independent reviewers screened abstracts and coded
themes, achieving a Cohen’s Kappa of 0.82.
e Triangulation: Evidence was cross-validated across clinical, ergonomic, and
innovation literature.
o Transparency: All search strings and coding frameworks were documented for
replication.
3.8 Limitations of the Methodology
e Narrative Review Limitation: While narrative reviews allow breadth, they are less
rigorous in meta-analytic synthesis.
e Publication Bias: Studies showing positive effects of spinal manipulation may be
overrepresented.
o Innovation Framing Novelty: Limited prior integration of innovation theory with
chiropractic literature may restrict comparability.
Despite these limitations, the chosen methodology is appropriate for the exploratory aim of
reframing spinal manipulation as a healthcare innovation.
4. Results
The synthesis of 54 studies produced insights across three domains: (1) clinical outcomes of
spinal manipulation, (2) technology-enabled validation and measurement, and (3)
innovation adoption and organizational integration. Results are presented with both
quantitative summaries and qualitative interpretations.
4.1 Clinical Outcomes of Spinal Manipulation
Evidence strongly supports that spinal manipulation (SM) induces measurable changes in
neuromuscular function. Across 32 clinical studies, three major findings emerged:
1. Enhanced Cortical Drive — Studies using TMS consistently showed increased motor-
evoked potential (MEP) amplitudes post-manipulation, reflecting heightened cortical
excitability.
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2. Improved Maximum Voluntary Contraction (MVC) — Randomized trials reported
improvements ranging from 5-15% in grip strength and lower limb MVC within
minutes of SM.
3. Neuroplastic Effects — Repeated manipulation over weeks produced lasting adaptations
in motor unit recruitment and proprioceptive accuracy.
Table 3. Summary of Clinical Effects of Spinal Manipulation on Neuromuscular Outcomes

Sample Outcome .. Duration ol
Study (Year) Size Measure Key Finding Effect
Haavik & Murphy 1 Cortical .
TMS (MEP I t
(2011) 30 5 (MEP) excitability mmediate
Niazi et al. (2015) 20 EMG, MVC T MVC by 12% 30 min
hristi t al : . .
Christiansen et 2 45 Grip strength 1 Grip by 8% Immediate
(2018)
Holt et al. (2019) 28 Proprioception | Accuracy 1 week
Recruitmen{ Sustai 4
Keller et al. (2021) |60 SEMG f ccruitmen| Sustained
patterns weeks

4.2 Technology-Enabled Validation
The integration of surface electromyography (SEMG) and transcranial magnetic
stimulation (TMS) has transformed spinal manipulation from a largely manual, subjective
practice into a quantifiable, technology-supported innovation.
e EMG Studies — Consistently demonstrated improved motor unit synchronization and
reduced fatigue post-SM.
e TMS Studies — Provided causal evidence that SM enhances corticospinal excitability.
e Combined Studies — Using EMG + TMS simultaneously confirmed the link between
cortical drive and functional performance.
Figure 2. Neuromuscular Measurement Framework Integrating EMG and TMS
flowchart showing spinal manipulation — cortical drive (TMS) — muscle activation (EMG)
— performance outcomes
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Spinal
Manipulation

4.3 Workplace and Ergonomic Outcomes
Twelve ergonomics-focused studies linked SM to occupational health improvements.
Reported benefits included:
e Reduced musculoskeletal discomfort in desk-based workers.
o Improved concentration and task performance.
o Lower absenteeism over a 6-month observation period.
Table 4. Ergonomic and Workplace Outcomes of Spinal Manipulation

Industry Intervention Outcome Impact

IT professionals |SM + workstation redesign| | Neck pain by 23% |1 Focus and creativity

Nurses SM over 4 weeks | Back pain episodes|| Sick leave by 15%

Manufacturing [SM + ergonomic training |1 Flexibility 1 Productivity by 12%

These findings emphasize that spinal manipulation should not only be considered as therapy
but also as an ergonomic innovation with measurable organizational benefits.

4.4 Innovation Adoption Barriers
Ten innovation-focused studies highlighted barriers to integrating SM into mainstream
healthcare:
1. Perception Bias — SM often labeled as “alternative medicine.”
2. Regulatory Uncertainty — Limited inclusion in clinical guidelines.
3. Compatibility Challenges — Difficulties aligning SM with biomedical models.
4. Lack of Observability — Effects not immediately visible without EMG/TMS
validation.
Table 5. Innovation Adoption Barriers for Spinal Manipulation
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Adoption Di ion (R .
option Dimension (Rogers. Evidence from Studies Implication
2003)
) D trated through i d .. .
Relative Advantage cmonstraie fough - fmprove High potential
MVC
P li t with biomedical _ . .
Compatibility oof afighment wi romedica Major barrier
orthodoxy
Complexity Manual skill requirement Training intensive
Trialability Easy to implement in clinics Adoption facilitator
o : .. .. |Need EMG/TMS
Observability Low without technology validation|. eeas )
Integration

4.5 Integrative Results
When evidence was synthesized across domains, a clear pattern emerged:
e Spinal manipulation improves neuromuscular outcomes (clinical evidence).
o Technology integration enhances observability and credibility (measurement
evidence).
o Organizational innovation adoption depends on framing SM as a validated,
evidence-based practice (management evidence).
Figure3. Integrated Findings Framework
triangle showing Clinical Evidence, Technology Validation, and Innovation Adoption
converging toward Healthcare Innovation
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Validated Clinical
Tools

Clinical Evidence

Evidence-Based
Practices

4.6 Quantitative Summary
Although this was a narrative review, effect sizes reported in several clinical trials allowed for

descriptive comparison:

MVC improvements averaged 9.3% (range 5—15%).

MEP amplitude increases averaged 18% (short-term effects).
e Absenteeism reduction averaged 12% in occupational settings.

Table 6. Quantitative Summary of Reported Effects
Mean Effect Size Evidence Base

Outcome

MVC (strength) +9.3% 12 trials

Cortical excitability +18% 8 TMS studies
Absenteeism -12% 4 workplace studies
Pain reduction —23% 10 ergonomic trials

4.7 Summary of Results
The results confirm that spinal manipulation operates at the intersection of clinical efficacy,

technological innovation, and organizational adoption. While the clinical outcomes are

1883



International Journal of Innovation Studies 9 (1) (2025)
robust, wider diffusion depends on reframing SM as an innovation supported by technology
(EMG/TMS) and integrated into ergonomic and organizational contexts.

S. Discussion

5.1 Overview of Key Findings

The results of this review demonstrate that spinal manipulation (SM) provides measurable
improvements in neuromuscular outcomes, including increased maximum voluntary
contraction (MVC), enhanced cortical drive, and neuroplastic adaptations. These outcomes
were consistently supported by both clinical trials and laboratory studies using EMG and TMS.
Additionally, ergonomic and workplace studies confirmed that SM reduces pain, improves
focus, and decreases absenteeism, thereby offering measurable benefits at the organizational
level.

From an innovation perspective, the findings indicate that SM faces adoption challenges
primarily due to perception biases and regulatory uncertainty, despite evidence of
effectiveness. Integration of digital measurement tools (EMG, TMS) emerges as a crucial
enabler to improve observability and credibility, increasing the likelihood of mainstream
adoption.

5.2 Theoretical Contributions

5.2.1 Contribution to Clinical Innovation Theory

This study expands the scope of clinical innovation literature by reframing SM from a purely
therapeutic intervention to an innovation-driven healthcare practice. Traditional therapies are
rarely analyzed through innovation theory lenses such as Diffusion of Innovations (Rogers,
2003). By applying constructs like relative advantage and observability, this paper
demonstrates how evidence-based manual therapies can be repositioned within innovation
ecosystems.

5.2.2 Integration with Ergonomics and Organizational Innovation

The link between SM and ergonomics introduces a novel theoretical integration. Ergonomics
research traditionally emphasizes workplace design and physical interventions (Dul et al.,
2012). By demonstrating that SM contributes to reduced musculoskeletal discomfort and
improved focus, this study situates SM as part of a broader ergonomics-driven innovation
strategy—where employee well-being directly fuels productivity and creativity.

5.2.3 Advancing the Technology Adoption Model (TAM) in Healthcare

Findings highlight the role of technology-enabled validation (EMG, TMS) in reducing
adoption barriers. According to TAM (Davis, 1989), perceived usefulness and perceived ease
of use are central determinants of technology adoption. In this context, EMG and TMS act as
boundary-spanning technologies that translate a manual intervention into quantifiable
evidence, thereby enhancing perceived usefulness among healthcare managers and
policymakers.

5.3 Managerial Implications

5.3.1 Reframing Spinal Manipulation as an Innovation

Managers in healthcare organizations should reposition SM not as an alternative practice but as
a validated innovation that complements conventional treatments. By aligning SM with
organizational health strategies, managers can reduce absenteeism, enhance employee well-
being, and foster innovation through healthier, more engaged staff.

5.3.2 Integration into Workplace Health Programs
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Occupational health managers can integrate SM into corporate wellness programs. For
industries with high rates of musculoskeletal discomfort (e.g., IT, nursing, manufacturing),
periodic SM interventions may lower healthcare costs and absenteeism, while also supporting
creativity and focus.
5.3.3 Leveraging Digital Health Technologies
Healthcare administrators should invest in EMG and TMS infrastructure to monitor and
validate SM interventions. This will not only increase clinical credibility but also facilitate
data-driven decision-making in health innovation policy.
5.3.4 Policy Implications
Policymakers should incorporate SM into evidence-based guidelines where supported by
neurophysiological data. Integrating SM into national innovation strategies can help reduce
reliance on pharmacological interventions, contributing to more sustainable healthcare systems.
Figure 4. Managerial Pathways for Integrating Spinal Manipulation into Health Innovation
Strategies
managers, policymakers, and technology adoption channels leading to system-wide
integration
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Strategic Policy
Alignment

Managers Policymakers

Technology

Adoption

Choannels

5.4 Limitations of the Study
Despite strong evidence, several limitations must be acknowledged:

1.

Narrative Review Methodology — While inclusive, it lacks the statistical rigor of a
meta-analysis.

Publication Bias — Studies with positive findings may be overrepresented in peer-
reviewed databases.

Contextual Variability — Most included studies were conducted in Western healthcare
systems, limiting generalizability to developing contexts.

Innovation Framing Novelty — Few prior studies have applied innovation frameworks
to SM, which restricts direct theoretical comparisons.

5.5 Future Research Directions
Building on these limitations, several avenues for future research are identified:
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1. Longitudinal Studies — To assess the sustained neuromuscular and organizational
benefits of SM over time.

2. Cross-Cultural Analysis — Examining adoption patterns in diverse healthcare systems,
especially in Asia and Africa where innovation diffusion differs.

3. Digital Health Integration — Research on combining SM with wearables, Al-driven
posture monitoring, and telehealth platforms.

4. Economic Evaluations — Cost-benefit analyses comparing SM with pharmacological
and surgical interventions.

5. Policy-Oriented Studies — Examining how regulatory frameworks influence the
diffusion of validated traditional therapies.

5.6 Summary of Discussion

This study positions spinal manipulation as a hybrid innovation, operating at the intersection
of clinical efficacy, ergonomics, and technology-enabled validation. Its integration into
healthcare innovation strategies requires both managerial reframing and technological
support, underscoring the role of interdisciplinary collaboration between clinicians, managers,
and policymakers.

6. Conclusion

6.1 Summary of Findings

This study synthesized clinical, technological, and managerial evidence to position spinal
manipulation (SM) as more than a therapeutic intervention. By analyzing 54 studies, the review
confirmed that SM consistently improves neuromuscular outcomes such as cortical drive,
maximum voluntary contraction, and proprioceptive accuracy. Beyond clinical efficacy, SM
was shown to generate ergonomic and workplace benefits, including reductions in pain and
absenteeism.

From an innovation perspective, the findings highlight both opportunities and barriers. The use
of electromyography (EMG) and transcranial magnetic stimulation (TMS) has validated
SM as a quantifiable, evidence-based practice, addressing one of the major barriers to adoption:
lack of observability. However, challenges remain in terms of compatibility with biomedical
paradigms, regulatory uncertainty, and entrenched professional silos.

6.2 Theoretical Contributions

The study makes several contributions to the literature:

1. Integration of Clinical and Innovation Frameworks — By applying innovation theory
to a biomedical intervention, this paper bridges a gap between health sciences and
management studies.

2. Extension of Ergonomics Research — By demonstrating how SM improves workplace
productivity, the study positions ergonomic interventions as strategic innovations with
organizational value.

3. Advancement of TAM in Healthcare — Findings highlight how digital validation tools
increase perceived usefulness of SM, advancing technology acceptance frameworks in
clinical contexts.

6.3 Managerial and Policy Implications
For healthcare managers, this study underscores the value of reframing SM as a validated
innovation rather than an alternative therapy. Integration into wellness programs and employee
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health initiatives can reduce costs and enhance productivity. For policymakers, the evidence
supports the inclusion of SM in evidence-based guidelines, provided it is validated with digital
technologies. At a broader level, the study contributes to global health innovation strategies by
showing how traditional therapies can be repositioned for contemporary healthcare systems.

Table 7. Practical Implications of Findings

Stakeholder Actionable Strategy Expected Outcome
Healthcare Integrate SM into occupational healthReduced absenteeism, improved
managers programs focus
. Include SM in clinical guidelines whergIncreased  adoption, reduced
Policymakers . .
evidence supports reliance on drugs
o Use EMG/TMS for validation andImproved  credibility, betteq
Clinicians o .
communication patient trust
Researchers Apply ingovation frameworks to clinical Expanded interdisciplinary,
interventions knowledge

6.4 Limitations and Future Research
This study was limited by its narrative review design, potential publication bias, and reliance
on Western-centric studies. Future research should pursue:

e Longitudinal clinical trials assessing sustained neuromuscular benefits.

e Cross-cultural studies on adoption patterns in diverse healthcare systems.

e Economic evaluations comparing SM to pharmacological interventions.

o Integration with emerging technologies such as wearables, AI-based monitoring, and

telehealth to expand adoption.

6.5 Concluding Remarks
In conclusion, spinal manipulation should no longer be confined to the margins of healthcare
as an “alternative practice.” Instead, it should be recognized as a healthcare innovation that
operates at the nexus of clinical efficacy, ergonomic benefit, and technological validation. Its
potential to reduce pain, improve productivity, and foster system-wide efficiency aligns directly
with the goals of innovation-driven healthcare transformation.
By reframing SM as an innovation rather than simply a therapy, healthcare systems can move
toward a more integrated, evidence-based, and technologically enabled model of care. This
repositioning opens pathways for interdisciplinary collaboration, regulatory endorsement, and
global adoption. Ultimately, the study contributes to both clinical and management sciences by
demonstrating how traditional practices can evolve into validated innovations with broad
societal impact.
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