International Journal of Osteopathic Medicine 27 (2018) 34—44

International Journal of Osteopathic Medicine

journal homepage: www.elsevier.com/ijos

Contents lists available at ScienceDirect

Review

Nociception, pain, neuroplasticity and the practice of Osteopathic
Manipulative Medicine

Check for
updates

René Pelletier **, Daniel Bourbonnais *°, Johanne Higgins * "

2 Sciences de la réadaptation, Ecole de réadaptation, Faculté de Médecine, Université de Montréal, Montréal, Québec H3C 3J7, Canada
b Ecole de réadaptation, Faculté de médecine, Université de Montréal, C.P. 6128, succursale Centre-ville, Montréal, Québec H3C 3J7, Canada

ARTICLE INFO

Article history:

Received 24 January 2017
Received in revised form
2 June 2017

Accepted 16 August 2017

Keywords:

Osteopathic Manipulative Medicine
Osteopathic manipulative therapy
Manual therapy

Neuroplasticity

Pain

Chronic pain

Musculoskeletal disorders

Low back pain

ABSTRACT

There is a growing body of evidence that chronic musculoskeletal injuries are associated with neuro-
physiological changes in distributed areas of the central nervous system. Traditionally a biomedical
model based upon the belief that structural injury to anatomical structures was the sole driver of the
condition has guided interventions. In osteopathy, the concept of somatic dysfunction has been the
predominant model guiding clinical practice where areas of dysfunction are believed to result from
mechanical restrictions that impact normal physiological function. However, despite these models,
chronic musculoskeletal disorders such as chronic low back pain remain a challenge for osteopaths and
other health care providers. The present article reviews the neurophysiological changes associated with
chronic musculoskeletal disorders specifically in the sensorimotor and cognitive-affective-motivational
areas of the brain. These neurophysiological changes appear to be part of the pathophysiological pro-
cess, and are consistent with many of the clinical findings associated with chronic musculoskeletal
disorders. Recommendations, inspired by evidence of neurophysiological effects of manual therapy, pain
science, and principles driving neuroplastic changes deriving from human and animal studies, are made
for osteopathic treatment of chronic musculoskeletal disorders to address these neurophysiological
changes. Patient-osteopath interactions may help reconceptualise beliefs and cognitions, may alter
behavioural responses, and engage forebrain structures tapping into self-regulatory and homeostatic
processes. Neurophysiological effects of Osteopathic Manipulative Treatment may also help renormalize
properties and organisation in cortical sensorimotor areas and impact the autonomic nervous system.
© 2017 Elsevier Ltd. All rights reserved.

Introduction

term follow up [4]. Spinal Manipulative Therapy (SMT) appears to
have no benefit for chronic LBP compared to standard care [5]. The

Chronic Musculoskeletal Disorders (MSD), including chronic
Low Back Pain (LBP), impact approximately one quarter of the
population, remain significant health care challenges, have
important societal direct and indirect costs, and result in personal
suffering and disability [1]. The majority of consultations for
Osteopathic Manipulative Medicine (OMM) are for musculoskeletal
disorders (MSD) [2,3]. Although a systematic review has found that
Osteopathic Manipulative Therapy (OMT) is beneficial for Low Back
Pain (LBP) and provides greater pain reduction than placebo, these
findings were based on a limited number of studies with no long

* Corresponding author.
E-mail addresses: rene.pelletier@umontreal.ca (R.  Pelletier), daniel.
bourbonnais@umontreal.ca (D. Bourbonnais), johanne.higgins@umontreal.ca
(J. Higgins).

https://doi.org/10.1016/j.jjosm.2017.08.001
1746-0689/© 2017 Elsevier Ltd. All rights reserved.

challenge of practitioners of OMM and other health care pro-
fessionals are persons with chronic MSD, such as chronic LBP who
often respond transiently to OMM and other forms of interventions
but suffer with persistent pain and functional limitations.
Traditionally treatment for chronic MSD has been anchored in a
biomedical model based upon the paradigm that peripheral
structural injury/dysfunction is the sole driver of pain and
disability. Treatments based upon a biomedical model fail however
to describe, predict and treat chronic MSD effectively [G]. Within
OMM somatic dysfunction has been the prevailing paradigm where
mechanical restrictions affect self-regulatory homeostatic pro-
cesses impeding the normal healing processes [7]. Studies clearly
indicate that on a population level the relationship between diag-
nostic findings of peripheral tissue damage and pain is poor and
that the relationship between perceived threat in regards to
movement and tissue damage is altered in chronic pain states
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Abbreviations

ANS Autonomic Nervous System

CcC Cingulate Cortex

CNS Central Nervous System

CRPS Complex Regional Pain Syndrome

DLPFC  Dorsolateral Prefrontal Cortex
HPA Hypothalamic Pituitary Adrenal
LBP Low Back Pain

LRJT Left-Right Judgement Task

M1 Primary Motor Cortex

MPFC  Medial Prefrontal Cortex

MSD Musculoskeletal Disorder

MT Manual Therapy

OMM  Osteopathic Manipulative Medicine

OMT Osteopathic Manipulative Therapy

PAG-RVM Periaqueductal Gray- Rostroventral Medulla
PFC Prefrontal Cortex

PLP Phantom Limb Pain

S1 Primary Somatosensory Cortex
SII Secondary Somatosensory Cortex
SEP Somatosensory Evoked Potentials

SMT Spinal Manipulative Therapy
VLPFC Ventral Lateral Prefrontal Cortex

[8—11]. In spite of these findings, both patients and health care
practitioners continue to conceptualise pain from a biomedical
prospective [12]. The Biopsychosocial model integrates psycho-
logical factors and social interactions with the biomedical para-
digm. Although the Biopsychosocial model is a better predictor of
chronicity, treatment outcomes based upon this model remain low
to moderate for treatment of chronic MSD [6,13].

There is an emerging body of evidence that demonstrates that in
addition to local peripheral injury and dysfunction, neuro-
molecular, structural and functional changes occur across the
Central Nervous System (CNS) in subjects with chronic MSD and in
chronic pain/inflammatory syndromes [8,10,11,14—16] (Fig. 1).
Neurophysiological processes may predispose [17,18] and/or
contribute to the pathophysiology of these conditions [10,11,19].
Studies in animals and humans demonstrate that the neuro-
musculoskeletal system and cortex continuously interact, and
that peripheral injuries and associated changes in structure and
function alter this interaction [ 16]. Research in animals and humans
demonstrates that neuroplastic changes occur rapidly with changes
in sensory output and behaviours to the Central Nervous System
(CNS) [20] and concurrently with peripheral structural injury and
inflammatory mediators [21,22]. These neurophysiological changes
in subjects with chronic MSD are consistent with experimental and
clinical findings of altered sensory transmission including sensory
amplification of pain [23], motor control changes such as altered
muscle recruitment patterns [24], changes in perceptual processes
including altered body image [25], psychological traits such as
catastophization and somatization, and behavioural changes such
as fear-avoidance [26].

These findings may have important implications for the treat-
ment of chronic MSD with OMM. The present article aims to (1)
highlight the important findings of neuroplastic changes across
distributed in areas of the CNS in subjects with chronic MSD and
chronic pain states, and (2) provide recommendations on how
these findings may influence OMM in the treatment of patients
suffering from chronic MSD, utilizing the best available evidence.

Neurophysiological changes associated with chronic
musculoskeletal disorders and pain

Injury to musculoskeletal structures, richly innervated with
mechanoreceptors, chemoreceptors and nociceptors, alters sensory
output [21,27]. These changes in sensory output arise from both
injury to anatomical structures and the presence of inflammatory
mediators (i.e. cytokines, prostaglandins, bradykinins), growth
factors and hormones (i.e. adrenaline) associated with MSD [27].
The altered sensory output contributes to functional changes in
sensory perception, tactile acuity, pain thresholds and joint posi-
tion sense (JPS) [28—50].

Nociception is transduced at the site of injury and are trans-
mitted to the spinal cord. One consequence of repetitive nocicep-
tive transduction and transmission are resultant neuro-molecular,
structural and functional changes within the spinal cord. These
changes in the spinal cord are implicated in Sensitization, an
amplification of nociceptive transmission and processing that oc-
curs in many chronic pain states including chronic MSD [23,51].
Sensitization is the result of lowered membrane potential resulting
in increased sensitivity to nociceptive transmission [23]. Sensiti-
zation is manifested clinically by hyperalgesia, an increased pain
response, and allodynia, where stimuli that do not usually elicit the
perception of pain such as light touch is perceived as painful [9].
Although sensitization is beneficial in acute pain states to protect
the injured structures, sensitization may persist in chronic pain
conditions and is believed to be detrimental to the healing
response.

Nociceptive transmission is carried along several pathways from
the spinal cord to areas in the brain stem, hypothalamus, and
thalamus. The thalamus transmits nociceptive information to sen-
sory discriminative areas in the post central gyrus (lateral system),
and to cognitive-affective-motivational areas of the forebrain
(medial system) for further processing [52]. Cortical and subcortical
areas involved in the transmission and processing of nociceptive
stimuli and the perception of pain include the thalamus, primary
and secondary somatosensory cortices, insula, cingulate cortex,
amygdala, prefrontal areas and the cerebellum [53,54]. Evidence
suggests that it is the interaction between the different structures
that dictates the pain experience [55,56](see Fig. 1). It is important
to note that these structures do not respond only to nociceptive
stimuli but are activated in response to behaviourally relevant
salient sensory input [55].

The lateral pain system — sensory discrimination cortical areas

The lateral pain system involves the Primary Somatosensory
Cortex (SI), Secondary Somatosensory Cortex (SII) and posterior
parietal areas involved in sensory discrimination. Changes in sen-
sory input can result in adaptation of the somatosensory repre-
sentation of the injured area within the brainstem, thalamic nuclei,
and the primary somatosensory cortex (S1) [16]. Numerous ex-
periments have demonstrated changes in structure and function of
S1 as the result of changes in sensory input [57—60]. In subjects
with a history of LBP, peripheral stimulation of the lumbar region is
associated with decreased evoked potentials [61,62] and changes in
somatotopic organisation within S1 compared to healthy controls
[63—65]. These changes in representation are similar to those that
have been found in other chronic pain conditions including Com-
plex Regional Pain Syndrome (CRPS) and Phantom Limb Pain (PLP)
[66—69]. Behavioural treatments such as sensory discriminative



36

R. Pelletier et al. / International Journal of Osteopathic Medicine 27 (2018) 34—44

Cognitive-Affective-
Motivational Areas

J

COGNITIVE AREAS

N

\

/

L

N
Sensory Discriminative

and Motor Areas
g

N

Sl
Sl

of Spinal Cord

a

: "\DAL:FFCC Thalamus POSTERIOR PARIETAL
S VPM VPL CORTEX
M1
AFFECTIVE AREAS 2
e CINGULATE CORTEX v
e AMYGDALA
e HYPOTHALAMUS Descending Pain PERIAQUEDUCTAL GRAY
e HIPPOCAMPUS Modulatory areas of REGION-ROSTRAL VENTRAL
MOT:VATOKF)CNAL AREAS Brain Stem MEDULLA (PAG-RVM)
e VENTRALSTRIATUM 'y PARABRACHIAL REGION
(NACC-VTA)
\ 4
Dorsal Horn LAMINA I, Il AND IV

Injury

MECHANICAL

THERMAL STIMULI

CHEMICAL

Fig. 1. Nociception transmission and transduction and pain pathways. Abbreviations: VPM: Ventral Postero Medial; Ventral Postero Lateral; PFC: Prefrontal Cortex; DLPFC:
Dorsolateral Prefrontal Cortex; MPFC: Medial Prefrontal Cortex; VLPFC: Ventrolateral Prefrontal cortex; OFC: Orbital Frontal Cortex; NACC: Nucleus Accumbens; VTA: Ventral
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training [70—72], motor imagery [73—75]| and mirror therapy
[73,76] targeting changes in S1 have been found to both renorm-
alize somatotopy and decrease pain in subjects with CRPS, PLP,
carpal tunnel syndrome, and focal hand dystonia [10,77]. These
findings are consistent with the belief that these neuroplastic
changes contribute to the pathophysiology of these conditions.
Changes in properties and organisation within the sensory
cortical areas have functional consequences. Tactile acuity has been
found to correlate with changes in somatotopic organisation in S1
[78] probably resulting in changes in both Body Image and Body
Schema [25]. Lotze and Moseley (2007) define Body image “as the
way one's body feels to it's owner” [79]. Subjects with chronic pain
complain of changes in the size of the injured area, which may feel
larger, smaller or distorted [25]. The Body Schema is a real time
internal representation of the body in peripersonal space derived
from incoming sensory and proprioceptive input [79]. The Body
Schema is assessed utilizing the Left Right Judgement Task (LRJT).
Imaging studies have demonstrated that the LR]T is associated with
activation of subcortical and cortical areas including frontal, pre-
motor areas, basal ganglia, cerebellum and associative areas in
the parietal cortex involving neural mechanisms associated with
sensorimotor integration, movement planning and execution
[80,81]. Some studies have found that subjects with chronic MSD,
when presented with images corresponding to their area of injury,

demonstrate changes in accuracy and/or reaction time to deter-
mine the laterality of the image suggestive of an altered Body
Schema [82—85].

Primary Motor Cortex and chronic musculoskeletal disorders

In addition to sensory areas, changes in cortical properties and
organisation occur in motor areas following MSD. Changes in cor-
ticospinal properties and organisation have been found in the Pri-
mary Motor Cortex (M1) in subjects with patella femoral syndrome
[86], knee osteoarthritis [87], lateral epicondylitis [88], hand in-
juries including arthritis [89,90], shoulder [91], cervical [92] and
chronic LBP [93—95]. These include changes in inhibitory processes,
corticospinal excitability, and an overlapping of the corticospinal
projections within M1 of the muscles innervating the injured area
[88—90,92,94,95]. The overlapping of corticospinal projections
emanating from M1 to the injured area is consistent with co-
contraction and modifications in motor unit recruitment demon-
strated in subjects with MSD [24].

Medial pain system — cognitive-affective-motivational areas of the
forebrain

Pain is a perceptual experience that is affected by a confluence of
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factors including gender, age, culture, experience, expectancies, and
attention and are largely mediated by processes in the forebrain
[96]. The medial pain system involves cognitive-affective-
motivational centers of the forebrain including the prefrontal cor-
tex, limbic and mesolimbic (reward center) areas. With chronic
pain, imaging studies demonstrate a shift form activity in the lateral
pain structures to areas of the medial pain system, where different
forebrain structures have demonstrated structural and functional
changes including changes in gray matter volume, altered func-
tional activity, decreased neuronal cell health, and alterations in
white matter tracts interconnecting different structures [8,14,18,97]
(see Fig. 2).

These forebrain areas are implicated in chronic pain states
including chronic LBP resulting in affective states, which help to
impact arousal, motivation, and behavioural responses. The pre-
frontal structures are involved in cognitive aspects related to pain,
including executive functions, working memory, attentional re-
sources, cognitive appraisal, risk assessment, decision making, self
referential thought, and mediate behavioural responses [98,99].
Other subcortical structures involved in nociceptive processing
include the amygdala (imprinting of emotional salience to
incoming sensory input), insula (involved in homeostatic moni-
toring, valuation of intensity, salience, attention), cingulate cortex
(error prediction, emotional valence, motor functions). Recent ev-
idence has also demonstrated changes in the motivational-

Cognitive-Affective-

dopaminergic areas of the brain (ventral tegmental area and the
nucleus accumbens) [17,100] that are integral to the reward cir-
cuitry of the brain. The reward centers interact with other forebrain
areas to affect motivational drive, influence cognitive appraisal,
behavioural choices, and engage motor actions [99,101]. Activity
within these forebrain areas helps to shape behavioural responses
to the injury [99] and are implicated in self regulatory and ho-
meostatic processes involved in pain modulation (i.e. arousal, pla-
cebo response) [102].

Descending modulatory pain system

Many of these forebrain structures have direct or indirect con-
nections with the descending modulatory pathways in the brain
stem [103]. The brain stem areas involved in descending pain
modulation include the Periaqueductal Gray Region (PAG) and
Rostral Ventral Medulla (RVM), parabrachial region, and dorsal
reticular nucleus [ 104]. Under normal circumstances, activity in the
descending modulatory pathways results in a net state of inhibition
and decreases the transmission of nociceptive stimuli within the
dorsal horn of the spinal cord [105]. Under chronic conditions these
modulatory systems are affected and appear to shift from a state of
inhibition to a state of facilitation contributing to Sensitization
[97,104—107].

N
Sensory Discriminative

Motivational Areas
STRUCTURAL AND \
FUNCTIONAL CHANGES ARE
FOUND IN DIFFERENT
STRUCTURES IN THE

COGNITIVE-AFFECTIVE-
MOTIVATIONAL AREAS

N

Thalamus

VPM VPL

\ 4

Areas
J

N\
SOME CHRONIC
MUSCULOSKELETAL INJURIES
ARE ASSOCIATED WITH
ALTERED PROPERTIES AND
REPRESENTATION IN SI AND

A

y

INCLUDING DECREASED
GRAY MATTER VOLUME,
DECREASED WHITE MATTER,
DECREASED MARKERS OF
NEURONAL HEALTH,

Descending Pain
Modulatory areas of
Brain Stem

M1
IN CHRONIC PAIN STATES \

DESCENDING MODULATORY
SYSTEMS IN THE BRAIN

CHANGES IN
NEUROMODULATORS SUCH
AS OPIOIDS, ALTERED (1
AND /) NEURONAL
ACTIVITY, AND ALTERED
CONNECTIVITY BETWEEN

A STEM APPEAR TO SHIFT
FROM A NATURAL STATE OF
INHIBITION TO A STATE OF
FACILTATION ENHANCING
NOCICEPTIVE
TRANSMISSION

y

Dorsal Horn
of Spinal Cord

PERIPHERAL INJURY TO

SENSITIZATION RESULTS IN
SOME MUSCULOSKELETAL
INJURIES CHARACTERIZED BY
INCREASING NOCICEPTIVE
TRANSMISSION TO HIGHER
CENTERS

3

ANATOMICAL STRUCTURES
AND THE PRESENCE OF

Injury

INFLAMMATOY MEDIATORS
RESULTS IN CHANGES IN
SENSORY OUTPUT

Fig. 2. Neurophysiological changes associated with chronic musculoskeletal disorders and chronic pain states.
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The autonomic nervous and neuroendocrine systems

Both the Autonomic Nervous System (ANS) and the nociceptive
system involve several extensively interconnected anatomical re-
gions which include the insula, prefrontal cortex, cingulate cortex,
amygdala, hypothalamus and the PAG [108]. There is evidence that
the ANS is implicated in both the development and the mainte-
nance of pain associated with chronic MSD [109]. Autonomic
imbalance, with an increase in sympathetic activity and a decrease
in parasympathetic activity, has been demonstrated in subjects
with chronic LBP [110] and neck pain [109]. The limbic and fore-
brain structures that are implicated in the processing of nociceptive
input as well as to other mental and physical stressors also influ-
ence the Hypothalamus-Pituitary-Adrenal (HPA) system forming a
nociceptive reflex circuit [111]. The CNS is able to control inflam-
matory processes via primary afferent nociceptive neurones,
efferent connections from post-ganglionic sympathetic nerve fi-
bers, and the neuroendocrine systems by impacting inflammatory
mediators such as cytokines secreted in the area of injury [112].
Sympathetic neurons found within tissues is necessary for the
control of local inflammation [112] (see Table 1).

Pain, neuroplasticity and Osteopathic Manipulative Medicine

The neurophysiological changes that occur across distributed
areas of the CNS with chronic MSD may have important implica-
tions for practitioners of OMM. OMM treatments have been guided
by the concept of somatic dysfunction. Somatic Dysfunction is
defined as “impaired or altered function of related components of
the somatic (body framework) system: skeletal, arthrodial, and
myofascial structures, and related vascular, lymphatic, and neural
elements.” [113]. Clinically, the regions of somatic dysfunction are
characterized by the acronym TART (Tenderness, Asymmetry,
Restricted Motion, Tissue texture changes). Although OMT may
have an impact on peripheral structures and areas of somatic
dysfunction these interventions may not specifically address neu-
roplastic changes associated with chronic MSD and pain [114]. It is
therefore important for patients to reconceptualise the belief that
pain is associated with structural damage and (somatic) dysfunc-
tion and that injury/dysfunction to anatomical structures alone is
the sole driver of chronic pain [115]. CNS changes resulting from
changes in areas of the brain involved in pain processing and psy-
chological states contribute to the pain and altered function they
experience. Experimental findings in subjects with chronic pain,
including chronic LBP, demonstrate that psycho-social factors [116]
and neuroplastic changes in the Cognitive-Affective-Motivational
areas are the best predictors of chronicity [17,18,117].

It is therefore logical to believe that treatment provided to pa-
tients with chronic MSD should address peripheral structural
injury, areas of somatic dysfunction, but also maladaptive neuro-
plastic changes in the CNS to improve treatment efficacy. In addi-
tion, treatment should address factors such as erroneous beliefs

Table 1

regarding pain, attempt to minimize fear and anxiety, maladaptive
behaviours such as avoidance, and include the performance of ex-
ercises and interventions that also target sensorimotor processes.

Studies performed with animals and humans in subjects with
and without injury, has elucidated principles that may be har-
nessed to induce positive neuroplastic changes [118]. These prin-
ciples suggest that the stimuli necessary to promote neuroplastic
changes must be behaviourally salient engaging attentional re-
sources, repetitive, of sufficient intensity, and involve learning
[118,119]. Neuroplastic changes will be specific to the neuronal
structures implicated in the task [118]. As chronic MSD involves
neuroplastic changes across different regions of the CNS, OMM
treatment should be directed across the different affected structure
(see Fig. 3).

Non-specific effects of OMT and the forebrain

Non-specific effects of OMT are influenced by the context of
application and by the patient's expectancies, experiences, values,
beliefs, credibility of the treatment, and health care provider-
patient interactions [120—124]. The context of application of OMT
impacts treatment outcomes similar to other forms of compli-
mentary and alternative therapies and can be parcelled to different
aspects of the treatment comprised of the patient's response to
being observed and assessed, the administration of a therapeutic
ritual associated with the treatment, and the patient-practitioner
interaction [125]. Physiological effects attributed to context are
governed by processes found within the forebrain and limbic areas
underlying physiological processes of cognitive-affective-
motivational aspects related to OMT [102]. Contexts perceived as
positive engage self-regulatory homeostatic mechanisms involving
opioids, cannabinoids and dopamine and require proper structure
and function of the reward circuitry [96].

Specific effects of OMM — patient-osteopath interactions and the
forebrain

In regard to the neuroplastic changes found within the
Cognitive-Affective-Motivational areas of the brain in response to
pain processing and the psychological states that may be associated
with persons with chronic MSD (i.e. fear, anxiety, depression) the
following is recommended:

1. Recognize: The osteopath should be attentive for erroneous
beliefs and misguided behaviours that may be displayed
regarding pain and injury [126]. These include patient's strin-
gent belief in a biomedical model where structural pathology
and peripheral areas of dysfunction are the source of all pain.
Fear-avoidance [127], catastophization [128], somatization [116]
all have documented evidence suggesting that they contribute
to the development of chronicity of injuries and are associated
with poorer outcomes. Catastrophization [129,130] and

Signs and symptoms suggestive of neurophysiological changes in the CNS with chronic Musculoskeletal Disorders.

Forebrain (medial pain
system)

Spontaneous fluctuations in pain.

Motivation is oriented to avoidance and escape from pain Psychological aspects related to pain including fear-avoidance, anxiety,

depression, catastrophization, somatization, worry, increased vigilance.

Descending pain modulatory Sensitization
systems

Somatosensory cortex Altered Two Point Discrimination

Increase/exaggerated pain perception in the area of injury (hyperalgesia) Cutaneous stimuli perceived as painful (allodynia) Pain
Dorsal Horn of the Spinal cord Thresholds may be decreased (pressure and thermal).

Impaired performance in the Left Right Judgement Task Change in perception of body image including size of the limb, altered body

midline.
Primary motor cortex

Changes in motor control including co-contraction and loss of ability to selectively recruit individual muscles.
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Fig. 3. Osteopathic Manipulative Medicine and neurophysiological changes associated with chronic musculoskeletal disorders: The context of application of OMT and the
neurophysiological responses associated with the mechanical application of OMT may result in distributed changes in neurophysiological function locally at the site of application,
but also within the spinal cord, sensorimotor cortical areas, forebrain (prefrontal cortex, limbic, and mesolimbic structures), and descending modulatory pathways. These different
regions may interact to result in changes in sensorimotor processes, but also engage the autonomic nervous system and the neuroendocrine systems that in turn may influence
descending pain modulatory systems and inflammatory responses. The neurophysiological changes may vary depending upon the type of OMT performed. Abbreviations: VPM:
Ventral Posterior Medial Nuclei of the Thalamus; VPL: Ventral Posterior Lateral Nuclei of the Thalamus.

conditioned fear responses [26] have been associated with brain
changes in the cognitive-affective-motivational areas of the
brain in areas also implicated in chronic pain states such as the
insula, dorsolateral, ventrolateral and medial prefrontal cortex,
cingulate cortex, amygdala, and nucleus accumbens. Addressing
erroneous cognitions and beliefs should be assessed and
addressed early, even in acute and sub-acute stages following
injury.

. Educate: Patients should be provided with the tools to better
understand and manage their pain and disability including in-
formation regarding pain neurophysiology and a bio-psycho-
social formulation of chronic MSD [131]. Programs involving
neurophysiology of pain education include information
regarding the nociceptive transduction, transmission and pro-
cessing, neurophysiological changes occurring in subjects with
chronic pain, pain as a perceptual experience, the loss of the
stimulus-response relationship between structural injury and
pain perception, and maladaptive behavioural strategies. The
information contained in these programs are accessible to pa-
tients experiencing chronic pain [115]. Such programs have also
been associated with changes in brain activation patterns in
forebrain areas [132]. Neurophysiological pain education ap-
pears to result in better outcomes than programs based upon a

biomedical model [133,134] and have been found to have an
immediate impact on behaviour and function [135]. Meta-
analysis and systematic reviews of education on pain neuro-
science finds these program to be promising but are based upon
a limited number of studies [133,134].

. Consistency: The message conveyed to the patient by the

osteopath should not imply, implicitly or explicitly, that local
biomechanical/structural problems and areas of somatic
dysfunction are the sole driver of the chronic MSD. The
perception of the patient, either implicitly or explicitly, of a
strictly biomedical paradigm of their injury would be inconsis-
tent with experimental findings previously discussed. Further-
more they could perpetuate faulty beliefs, encourage fear-
avoidance, anxiety and guarding, resulting in decreased move-
ment and contribute to a biomedical focus that negatively in-
fluence outcomes [131,136]. Biomedical descriptors of injury
may also result in passive coping strategies and promote fear
and guarding in some patients [137]. Consistency of message is
important as care giver-patient interaction and communication
are integral elements for treatment success [122]. Alignment of
health care provider attitudes and beliefs with those of the pa-
tient appears to be associated with better outcomes [138].



40 R. Pelletier et al. / International Journal of Osteopathic Medicine 27 (2018) 34—44

4. Collaborate: Other health care professionals can work with the
patient to address maladaptive cognitions, and help address co-
morbid factors such as anxiety and depression. Examples of
such interventions include Cognitive Behavioural Interventions
such as Cognitive Behavioural Therapy, Avoidance Commitment
Therapy and Mindfulness Based Stress Reductions [123,139,140].
These programs have been found to decrease anxiety and
improve function that correlated with increased activation in
the prefrontal cortex and appear to modulate activity in the
affective areas of the brain [123,140]. Increased activation in
prefrontal areas of the brain correlate with decreased pain,
greater self-efficacy and improved psychological indexes of
worry, anxiety and depression [141—143]. Self-efficacy refers to
the perceived ability to self manage their pain and disability
[142,144], and greater self-efficacy is associated with better
outcomes in patients with chronic MSD [144]. Systematic re-
views of CBT in subjects with chronic pain suggest small to
moderate effects on mood, catastrophization and pain intensity
with some evidence of improved pain related disability and
avoidance behaviours for up to 6 months [140,145]. Multidisci-
plinary biopsychosocial interventions for subjects with chronic
LBP experienced less pain and disability than subjects receiving
conservative care only [146]. A recent study involving subjects
with chronic MSD involving OMT, Avoidance Commitment
Therapy, and an adapted Mindfulness practice involving ses-
sions over a 6 week period found the combined approach to be
feasible, with positive self-reported effects for pain, function
and mood [147].

5. Repeat: These cognitions and associated behaviours need to be
addressed continuously throughout their treatment sessions
with consistency of message between different health care
providers [148].

Specific effects — OMT and neurophysiological processes

There is no research of OMT and its ability to drive neuroplastic
changes. Physiological effects of MT have however been attributed
to neurophysiological mechanisms [103,149—152]. Manipulative
therapy results in discharge of muscle spindle afferents, Golgi
tendon organs, and low and high threshold mechanoreceptors
reflective of stimulation of cutaneous, muscular and articular re-
ceptors [153—155]. The ensuing neurophysiological effects of MT
are hypothesized to result from changes in localised structure and
function that help to renormalize neural sensory input [153] and/or
may influence reflex pathways and activity in subcortical and
cortical areas [155] (see Fig. 3).

Studies on animal and human subjects suggest that to drive
neuroplastic changes in the sensorimotor cortical areas requires
repetition, salience, learning and specificity [118]. Based upon these
MT literature, findings form peripheral sensory stimulation and
their resulting effects on cortical sensorimotor properties and
organisation, and modern pain science literature it is suggested that
OMT:

(1) Direct attention to areas of dysfunction: To foster salience
and direct attentional resources to areas of dysfunction.
Emphasis should be directed toward altered function and not
on pain [10,156].

(2) Seek patient participation during treatment: Sensory
discrimination training that has been found to be associated
with increased pain thresholds, improved function, and
renormalisation of properties in S1 in subjects with CRPS,
chronic LBP and carpal tunnel syndrome [72,157,158]. It is
unclear however if improvement is related to the task

specifically or the result of increased attention directed to the
intervention. With OMT, patients should be attentive to dif-
ferences in pressure, mobility and tissue texture during
treatment. The patient's focus and motivation should be
directed to improving these areas of (somatic) dysfunction
and shift their motivation away from escape and avoidance
of pain towards improvement of function [99,131].

(3) OMT will need to be performed repetitively. Frequency of
OMM treatment has never been studied with the goal of
renormalizing neuronal properties and organisation. Studies
in both animals and humans suggest that neuroplastic
changes to behavioural and sensory stimuli occur rapidly
[20], but require several sessions over many weeks to be
result in long term neuroplastic changes [159]. Some studies
however may provide an indication of frequency and dura-
tion of treatment. Acupuncture applied 13 times over a 5-
week period in subjects with CTS resulted in changes in
somatotopic organisation in S1 that correlated with the
decrease in paraesthesia [160]. Three to five manual treat-
ments involving both massage and manipulative therapy
resulted in self-reported improvement and was associated
with improved cerebral evoked potentials [62]. The im-
provements in cerebral evoked potentials were positively
correlated with decreased pain and improved self reported
function.

(4) Stimulate peripheral receptors to engage sensorimotor
cortical processes: Sensory stimulation can be utilized to
affect neuronal properties in both S1 and M1 in healthy
subjects [161—163]. MT can produce transient changes in
somatosensory evoked potentials [164—166]. Somatosensory
evoked potentials are the recording of the sequential acti-
vation over the spine and the brain of electrical signals
generated from sensory stimuli. These altered evoked po-
tentials following MT have been localised to S1, reflecting the
initial activation resulting from peripheral stimulation of
mechanoreceptors, and a later response that is located in the
prefrontal cortex believed to be related to the cognitive
appraisal of the stimuli [165—167]. There is preliminary ev-
idence that MT can alter corticospinal excitability in M1. SMT
transiently increases corticospinal excitability [168—170]
while muscle energy techniques increase inhibitory pro-
cesses, reflective of a decrease in corticospinal excitability,
and decrease motoneuronal excitability [171,172]. Rhythmic
OMT techniques such as Facilitated Osteopathic Release [173]
may be amenable to drive neuroplastic changes in the
sensorimotor areas as they stimulate peripheral receptors in
a rhythmic fashion over an extended period.

(5) OMM should involve functional exercises that address the
areas of dysfunction, are challenging and require learning of
movement patterns that implicate the areas of (somatic)
dysfunction [131,174].

(6) MT to engage descending modulatory pain processes: MT
has immediate effects on pressure pain thresholds [175—179]
that are superior to a placebo conditions that only involve
manual contact [175,179]. These effects are believed to be
mediated by descending brain stem mechanisms via the ANS
and forebrain mediated pathways [176,180—183]. Although
there is conflicting results of manipulative studies on
engaging opioid mechanisms [184—188], there is evidence of
mood changes and blood serum concentrations of pain and
inflammatory biomarkers such as endocannabinoids and
serotonin after OMT interventions in healthy subjects and
subjects with back pain [189,190]. Soft tissue techniques may
stimulate tactile afferents transmitting along unmyelinated C
fiber found in glabrous parts of the body that transmit to the
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posterior insula and areas on the prefrontal cortex [191].
These C fiber tactile afferents, when perceived as pleasurable,
may also engage autonomic responses associated and
descending modulatory processes [192]. Massage and light
touch have also been found to increase the hormone
oxytocin [193,194] which has antinociceptive effects possibly
mediated by opioid mechanisms and descending modulatory
pathways [195,196].

(7) Utilize OMT that decrease sympathoexcitation and pro-
mote increase parasympathetic activity. Studies of soft
tissue techniques, balanced ligamentous tension, balanced
membranous tension, and cranial sacral techniques have
been associated with changes in parameters associated with
increased parasympathetic activity and increased vagal
control of heart rate [197,198]. In contrast, subjects receiving
SMT techniques demonstrate changes (heart rate variability
measures, skin conductance, increased heart rate and blood
pressure) associated with decreased parasympathetic and
increased  sympathetic nervous system  function
[187,199—205]. As studies of subjects with chronic pain
suggest that parasympathetic activity is heightened, OMM
should focus on interventions to increase parasympathetic
activation.

(8) OMT of the upper cervical region may impact vagal nerve
function and influence the neuroendocrine reflex arc to
attenuate the serum levels of molecular inflammatory me-
diators [206]. This hypothesis is presently under study [206].
A decrease in Tumor Necrosis Factor «, a cytokine involved in
the inflammatory process, was demonstrated in subjects
with LBP who received OMT [207].

Limitations

There are several important considerations that should be
considered in the material presented. The neurophysiological ef-
fects associated with MT involve a limited number of studies with
small sample sizes. Most MT studies have investigated transient
neurophysiological changes occurring after one intervention. The
long-term effects of repetitive MT interventions on neurological
function and clinical outcomes remain undetermined and specu-
lative. The chronic pain literature regarding changes in the fore-
brain areas were performed in subjects with chronic MSD on
subjects with chronic low back and osteoarthritis. The generaliz-
ability of these results is therefore limited and requires further
investigation. OMM treatment is comprised of a several therapeutic
techniques and the combined and interactive effect of these ap-
proaches on neurophysiological function has not been thoroughly
investigated.

Conclusion

There has been an exponential growth in the study of the
neurophysiological processes of nociception and pain over the last
few decades. Concurrently, animal and human studies have
demonstrated that the CNS is responsive to the internal and
external pressures to which it is exposed and is the manner in
which the brain learns and encodes new experiences. The findings
from these two bodies of research, combined with research of
neurophysiological mechanisms of MT would appear to provide
information valuable for osteopaths treating patients with chronic
MSD.

Chronic MSD remain an important societal, personal and health
care challenge. The prevailing Biomedical paradigm is inconsistent
with a large body of evidence and has failed to yield efficacious
treatment for chronic MSD. The Bio-psychosocial paradigm has

greater predictive ability of chronicity, but systematic reviews also
suggest that results are modest [146]. The emergent evidence of
changes in structure and function distributed across different re-
gions of the CNS with chronic MSD and chronic pain states provides
new hope for the development of more efficacious treatment. It is
possible that the small to moderate effects seen consistently across
different treatments may be the result of the failure to address the
neuroplastic changes across different areas of the CNS.

The “soft skills” involved in OMM if conceived by the patient in a
positive context, may impact stress, anxiety and worry stemming
from the patient's injury. Education may be utilized in an attempt to
reconceptualise faulty values and beliefs regarding pain, and
address factors such as fear-avoidance, somatization, and guarding.
These psychological changes result in altered forebrain activity and
mediate behavioural responses to their injury, engage self-
regulatory homeostatic mechanisms, descending modulatory sys-
tems, help to decrease pain, and promote increased mobility. OMT
also is associated with neurophysiological effects that may alter
structural and functional changes in sensorimotor cortical areas,
alter ANS activity, and engage descending modulatory processes.
Although further investigation is necessary, mechanisms of OMM
appear to result in at least transient changes in neuronal function,
and may, when applied in a manner consistent with findings of
studies driving neuroplastic changes, help to renormalize altered
structure and function in the CNS associated with chronic MSD
hopefully resulting in improved outcomes.
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