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Introduction

Musculoskeletal pain remains one of the leading causes
of disability worldwide, with low back and neck pain
ranking among the most prevalent and costly conditions.
171854 Across healthcare systems, spinal manipulation
(SM) is a frequently delivered intervention, used by
physiotherapists, chiropractors, osteopaths, and manual
therapists. 1249 Despite its long history, the rationale
behind spinal manipulation has evolved considerably,
shifting from purely biomechanical explanations toward
more nuanced  neurophysiological interpretations:
23,521,23.29 However, the legacy of structural narratives
“alignment,” “realignment,” “fixing,” or “putting
vertebrae back into place”, continues to permeate clinical
communication and patient beliefs, 13.19

At the same time, pain neuroscience education (PNE) has
emerged as a modern cognitive intervention designed to
reduce the threat value of pain by explaining
nociception, central sensitization, hypervigilance, and the
influence of emotions, sleep, stress, and beliefs. 31,34,36.39
Pain neuroscience education has shown meaningful
benefits when combined with movement-based and
behavioral interventions, helping patients reinterpret
pain as a protective output of the nervous system rather
than a direct indicator of tissue damage. 20.28.34,37

Although spinal manipulation and pain neuroscience
education are both widely practiced, their integration is
rarely deliberate. In many clinical settings, manipulation
is performed first and explanations are added later, or
a brief explanation is offered but framed using outdated
or biomechanical metaphors that contradict the principles
of pain neuroscience education. The result is conceptual
inconsistency, patients receive mixed messages about
fragility versus adaptability, mechanical correction versus
neurophysiological modulation, and passive dependence
versus active self-efficacy. 910134346

This editorial argues that spinal manipulation should not
simply coexist with pain neuroscience education, but
should be embedded within it. When spinal manipulation
is presented as a modulator of sensory processing,
descending inhibition, and cortical representation, not a
structural fix, its meaning to the patient becomes aligned
with contemporary pain science. 235.21,23,242529 This
integration may enhance outcomes by shaping
expectations, reducing fear, and creating a window of
opportunity for movement and learning. 14,6,14,33,43,46

A coherent framework linking pain neuroscience
education and spinal manipulation has never been
systematically articulated. Here we propose one, outline
the theoretical rationale, and present a research agenda
to test the central hypothesis: educated patients
experience superior responses to spinal manipulation.

Why the Current Paradigm Requires

Revision

Historically, spinal manipulation has long been
conceptualised within a biomechanical framework:
practitioners identify  dysfunctional or misaligned
segments through palpation and physical examination
and then deliver a high-velocity, low-amplitude (HVLA)

thrust to alter segmental biomechanics and thereby
alleviate pain. Some of the most cited biomechanical
theories include releasing entrapped synovial folds or
meniscoids, restoring buckled motion segments, reducing
articular or periarticular adhesions and normalising
“hypertonic” muscle 516, For years, these biomechanical
fault correction theories have been a mainstay narrative
across various manual therapy disciplines, such as
physical therapy, chiropractic and osteopathy. However,
there is still very limited evidence that the proposed
biomechanical mechanisms have any clinical relevance
with regards to the observed therapeutic outcomes 2425,

A growing body of evidence published over the years
has forced researchers to make a paradigm shift toward
neurophysiological mechanisms of spinal manipulation.
Collectively, these studies suggest that SM modulates
nociception and pain processing via peripheral, spinal
and supraspinal pathways, with additional contributions
from neuroimmune and autonomic mechanisms 21.23.29, |n
this framework, the HVLA thrust triggers a series of
complex neurophysiological mechanisms rather than a
literal vertebral repositioning. Recent literature reviews
of spinal manipulation mechanisms further highlight the
theoretical limitations of a purely biomechanical
framework. A 2025 living review of systematic,
narrative, and scoping reviews concluded that there
exists moderate quality evidence in support of
neurovascular and neurological effects of SM, whereas
biomechanical changes, such as altered tissue stiffness or
segmental alignment, are supported only by critically
low-quality evidence 2°. Experimental and clinical
investigations of  spinal  manipulation  similarly
demonstrate  modest,  predominantly  short-term
improvements in pain and function, which are comparable
to other guideline-recommended conservative
interventions 2'. 30, Parallel work on contextual factors
and placebo—nocebo mechanisms in physiotherapy
showed that clinician communication, explanatory models
and therapeutic rituals meaningfully influence pain,
disability, and even adverse events 2643 Despite the
emerging body of evidence, clinical narratives around
spinal manipulation are still surrounded by many myths:
that spines are inherently fragile, that joints routinely
subluxate, or that prophylactic manipulation or
maintenance care is required to prevent degeneration &
27 These messages are no longer regarded as harmless
simplifications. Instead, they are now recognized as
potential drivers of fear-avoidance, catastrophizing, and
nocebo responses in people with musculoskeletal pain [7—
9]. Recent work in chiropractic, osteopathy, and
physiotherapy explicitly warns that body-centric,
structurally fearmongering narratives can amplify
perceived danger, increase distress, and worsen
outcomes rather than reassure patients 1945,

Patient beliefs also play a significant role in spinal
manipulation - induced therapeutic outcomes. In fact, a
recent large meta-analysis across clinical pain conditions
found that pain catastrophizing, fear of pain, and pain
vigilance had medium-to-large associations with pain-
related nocebo effects, undue anxiety and stress, pain
intensity, and disability. Physical treatment had little
influence on these associations 42. Emerging clinical
evidence further suggests that when contemporary pain
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neuroscience education is integrated with manual
therapy, patients show greater improvements in pain,
disability and pain-related cognitions than with physical
treatments alone 828, Taken together, in light of the
above discussion, it can be said that continuing solely with
biomechanical concepts of spinal manipulation risks
reinforcing pseudoscientific beliefs and underutilizing the
neurophysiological mechanisms that align with modern
pain science. A revised framework that incorporates SM
within a PNE-informed, biopsychosocial model is
therefore not just theoretically appropriate but
empirically warranted.

Mechanisms of Interaction: How Pain
Neuroscience Education enhances Spinal

Manipulation

To understand why spinal manipulation may work better
when embedded within pain neuroscience education, we
must examine the mechanisms through which education
influences pain processing. Expectation and Meaning
Response. Expectations are among the strongest
modulators of manual therapy outcomes.:4.14:33.51 Positive
expectations enhance descending inhibitory control,
reduce activation of threat circuits, and amplify analgesic
responses. 4633 Pain neuroscience education provides a
cognitive foundation that decreases fear and uncertainty,
enabling patients to interpret manual input as safe and
helpful. 31343639 Conversely, mixed messages, such as
biomechanical warnings, may limit the therapeutic
potential of spinal manipulation. 9.10.13,19.43,46

Threat Modulation and Fear Reduction. A central element
of pain neuroscience education is reducing the perceived
threat associated with pain. When patients understand
that pain does not necessarily reflect tissue damage, the
nervous system becomes less protective. This creates a
context in which the high-velocity, low-amplitude thrust of
manipulation is perceived not as dangerous but as a safe
sensory event. Reduced threat perception may enhance
spinal manipulations immediate hypoalgesic effect and
facilitate motor improvement. 10.11,21,23,30,41,48 Descending
Pain InhibitionPain neuroscience education activates
prefrontal and anterior cingulate networks associated
with cognitive control and descending modulation. When
these . pathways are primed, the rapid afferent input
from manipulation may be more effectively integrated,
leading to stronger inhibitory responses. This aligns with
the concept that spinal manipulation influences

neurophysiological systems rather than mechanical
alignment. 2.3.5.21,23,24,25,29

Sensorimotor Integration. spinal manipulation produces
brief alterations in sensory processing, muscle spindle
activity, joint position sense, and cortical representation
of the manipulated region. If a patient is educated to
understand these changes as functional and adaptive,
they are likely to engage more confidently in movement
afterward. This reciprocity between cognition and
sensorimotor input reinforces positive neuroplastic
changes. 21:23-2541,48. Placebo and Nocebo Dynamics. All
therapeutic interventions carry contextual effects. Pain
neuroscience education reduces nocebo responses by
clarifying misconceptions, improving self-efficacy, and
reducing apprehension. A patient who expects

manipulation to “correct a problem” may feel
disappointed when symptoms fluctuate, whereas a
patient who understands manipulation as transient
modulation will interpret these fluctuations as normal and
non-threatening. .8:20.28,31,34,37,43,4

Window of Opportunity for Movement. Manipulation
often produces short-term changes in range of motion,
pain tolerance, or movement confidence. Pain
neuroscience education helps patients understand that
these improvements create a temporary window for
meaningful movement. Instead of viewing SM as the
primary treatment, the patient perceives it as a
supportive  component within a larger active
rehabilitation strategy. 817,20,28,34,35,37,38

The central hypothesis of this editorial is that patients who
receive structured pain neuroscience education prior to
spinal manipulation will experience better clinical
outcomes than those who receive manipulation alone or
manipulation accompanied by traditional biomechanical
explanations. This hypothesis reflects a synergy model in
which PNE prepares the nervous system, cognitively,
emotionally, and physiologically, to respond more
favorably to the afferent input generated by SM.

Justification of the Synergy Hypothesis. Modern pain
science emphasizes that pain is influenced by
expectations, threat perception, meaning, memory, and
the broader psychosocial context. Spinal manipulation,
although often perceived as a primarily mechanical
intervention, produces rapid neurophysiological effects:
changes in segmental inhibition, altered cortical
representation, reduced temporal summation, and brief
improvements in range of motion and pain pressure
thresholds. These effects are not isolated; they are
modulated by the cognitive-emotional state of the patient
at the moment the stimulus is delivered. PNE shifts the
patient’s understanding of pain away from structural
fragility toward adaptability and resilience. 9313436
When patients learn that pain reflects a protective
decision by the nervous system and that manipulation
serves as a non-threatening sensory reset and their
expectations become more positive, their fear decreases,
and their nervous system becomes less defensive. This is
the ideal context in which spinal manipulation can exert
its modulatory effects. -2-511.21,23-2529.41 Conversely,
biomechanical explanations such as “your vertebra is
out,” “the joint is stuck,” or “your spine needs realignment”
can increase vigilance, heighten protective muscle
activity, and amplify the perceived threat of the
procedure. This can limit the hypoalgesic response,
reduce movement confidence, and reinforce dependency
on passive treatment. Therefore, PNE does not simply
add information, it primes the nervous system, allowing
the neurophysiological effects of manipulation to be
expressed more fully. 1-5.9,14,20,21,23-25,29,31,37,39,41,43,46 48

Why Educated Patients Respond Better? Educated
patients respond better to spinal manipulation for three
main reasons: Reduced Threat = Enhanced Modulation.
When pain is reconceptualized as non-dangerous,
manipulation is interpreted as safe sensory input rather
than a correction of a dangerous structural fault. This
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reduces spinal and supraspinal protective responses.
11,21,23-25,29,41

Improved Expectations = Stronger Descending Inhibition.
PNE enhances treatment expectancy, a known amplifier
of analgesic responses. Expectation-related circuitry in
the prefrontal cortex and anterior cingulate cortex is
activated, promoting endogenous pain inhibition during
and after manipulation, 39.43,46,48

Increased Self-Efficacy = Better Integration With
Movement. If patients understand manipulation as a
temporary window of opportunity rather than a fix, they
are more likely to engage in active movement, reinforcing
functional gains and preventing relapse. 34:35.37,38

Clinical and Ethical Implications. The integration of spinal
manipulation within a pain neuroscience education
framework involves not just delivering manual
interventions but also mastering the art of communication
to maximise clinical outcomes. The benefits of integrating
SM with PNE are also reported in contemporary work on
contextual factors. In fact, a recent survey of healthcare
providers found that the therapeutic relationship and
clinician communication were the most influential
contextual factors and that contextual effects contribute
around half of treatment benefit, with most practitioners
deliberately using them to optimise care 4 ,Rossettini et
al.#4 further noted that contextual factors, such as verbal
suggestion, patient’s expectations, clinician’s behaviour,
therapeutic touch, a personalised treatment approach,
and environmental cues, all function as active mechanisms
triggering placebo and nocebo responses in
musculoskeletal pain. This underscores an ethical
responsibility: therapists must communicate current pain
science transparently to patients rather than reinforcing
their  pseudoscientific  beliefs using  outdated
biomechanical  explanations such as  vertebral
misalignment or segmental dysfunction.

Current understanding of spinal manipulation largely
supports neurophysiological rather than biomechanical
mechanisms. However, the neural responses
demonstrated in mechanistic studies are mostly transient
in nature, and thus their true clinical relevance with
respect to the observed therapeutic outcomes remains
unclear 2329, Pain neuroscience education offers a
complementary framework for SM. A 2025 umbrella
review with meta-analysis reported that combining pain
neuroscience education with physical interventions
yielded greater reductions in pain intensity and functional
disability compared with PNE alone in chronic nonspecific
low back pain 20.Similar findings were reported in
another recent meta-analysis by Sdnchez-Robalino et
al.#7. On the other hand, large retrospective analyses
from military and Veterans Affairs cohorts showed that
greater use of passive interventions predicted higher

odds of opioid prescriptions, injections, and specialist
visits, whereas manual therapy combined with active care
was associated with fewer escalations of care events and
approximately 30% lower odds of opioid use 17:38,
Attending a pain neuroscience education continuing
education (CE) course by therapists also has a positive
impact on clinical outcomes as well as on their practice
patterns, including fewer visit frequencies, reduced total
billing units, and the use of more active and manual
interventions 35.This growing body of evidence suggests
that combining SM as a short-term neuromodulatory
adjunct within an educational, biopsychosocial model
represents a scientifically defensible and ethically
appropriate treatment approach that prioritizes patient
understanding over passive dependency.

Informed consent is the final ethical cornerstone. A recent
systematic review identified 334 serious adverse events
following conservative physical procedures involving the
neck: 58% were vascular (mainly arterial or vertebral
artery dissection), with 75% of these events involving
manipulation. Overall, 62% of patients recovered
favourably, 16% were left with disability and 6% died
32, While such events remain rare, therapists should
clearly disclose to their patients that spinal manipulation
benefits are typically modest and short-term, its
mechanisms are primarily neurophysiological, and that
serious complications, although extremely uncommon,
may occur. Such disclosure, far from undermining
therapeutic outcomes, respects patient autonomy and
aligns practice with contemporary evidence, ethical
principles, and professional standards.

Conclusion

Spinal manipulation can no longer be credibly framed as
a mechanical “realignment” technique acting on a fragile
spine. Instead, contemporary evidence supports spinal
manipulation as a short-term neuromodulatory stimulus
whose effects are shaped—sometimes decisively—by
expectations, threat appraisals, contextual factors, and
patient beliefs. When SM is embedded within pain
neuroscience education, patients are invited to reinterpret
pain as a protective, adaptable output rather than a
structural defect, reducing fear, enhancing self-efficacy,
and opening a window for meaningful, graded
movement. This pain neuroscience education - informed
integration is not merely a communication upgrade; it
represents a shift toward an ethically coherent,
biopsychosocial practice that avoids nocebo, challenges
pseudoscientific narratives, and prioritizes long-term
behavioural change over passive dependence. Future
trials should explicitly compare PNE+SM versus spinal
manipulation with biomechanical explanations,
incorporate mediation analyses of expectations and
fear, and investigate how this integrated framework
influences clinical outcomes, healthcare utilization, and
serious adverse event communication
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