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Develop your knowledge of chiropractic and osteopathy with this comprehensive guide to
advanced skills and peripheral manipulation techniques. This practical handbook takes into
account the latest research, highlighting the neurophysiological effects of these techniques, and
providing clear, step-by-step guidance from experienced manual therapists.Covering key topics
such as the effects of manipulation on organs, working in sports settings, and motion palpation
misconceptions, the book demonstrates how to work with a range of joints with advice on
diagnostics, contraindications and safety precautions. This is an expert collaboration between
professions and can be used as the go-to clinical handbook for all manual therapists.
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IndexAcknowledgements1SPINAL MANIPULATIONTHERAPYIs it all about the brain? A current
review of the neurophysiological effects of manipulationIntroductionSpinal manipulation is a
specialised form of manual therapy that uses non-invasive ‘hands-on’ treatment techniques to
treat musculoskeletal pain and disability. The therapy has proven to be an effective treatment
option for the management of various musculoskeletal disorders and is practised worldwide by
health practitioners from various specialities, including osteopaths, chiropractors, naturopathic
physicians and physiotherapists. However, little is yet understood about the physiological
mechanisms of this therapy, especially how it exerts its pain-modulatory effects. Over the past
decade, many theories have been proposed to explain the mechanisms of spinal manipulation
(Evans 2002; Evans and Breen 2006; Maigne and Vautravers 2003; Potter, McCarthy and
Oldham 2005), but the available data from mechanistic studies are insufficient to clarify the
short- or long-term clinical outcomes of manipulation.Most of the early theories that have been
proposed to explain the analgesic and hypoalgesic effects of spinal manipulation were heavily
focused on the biomechanical changes following the intervention (Evans 2002; Evans and Breen
2006; Potter et al. 2005). In recent years, however, there has been a paradigm shift towards a
neurophysiological mechanism of spinal manipulation, as an increasing number of recent
studies have reported various neural effects of spinal manipulation such as changes in
somatosensory processing, muscle-reflexogenic responses, central motor excitability, motor
neurone activity, Hoffmann reflex (H-reflex) responses, sympathetic activity and central
sensitisation (Currie et al. 2016; Sampath et al. 2015; Lelic et al. 2016; Pickar 2002; Randoll et al. 
2017; Zafereo and Deschenes 2015). These studies have suggested a cascade of
neurochemical responses in the central and peripheral nervous system following spinal
manipulation. Hence, it has been hypothesised that the observed pain-modulatory effects of
spinal manipulation are largely due to neurophysiological mechanisms mediated by peripheral,
spinal and supraspinal structures. These mechanisms have been thought to be triggered by
mechanical stimulus or biomechanical forces applied during the manipulative act.To date,
Pickar’s (2002) is the only review to provide a theoretical framework for the neurophysiological
effects of spinal manipulation. Although Bialosky and colleagues (2009) later proposed a



comprehensive model and a new framework to visualise potential individual mechanisms
associated with pain reduction, their work was based on different forms of manual therapy and
not exclusive to spinal manipulation alone. Hence, there has been a need for a comprehensive
review that presents an updated framework based on the current knowledge and understanding
of the neurophysiological effects of spinal manipulation. On the other hand, over the last decade
a growing number of mechanistic studies have been conducted to understand the
neurophysiological mechanisms of spinal manipulation. These studies have demonstrated
various neural responses following manipulation. However, no review has been written to
evaluate the relevance of these findings with regard to the proposed theories as well as the
observed clinical effects. Therefore, the purpose of this chapter is to examine all the recent
findings on the neurophysiological effects of spinal manipulation and review their relevance with
respect to the improved clinical outcomes of spinal manipulation.DiscussionRelationship
between biomechanical changes and neurophysiological responses of a given spinal
manipulationThe clinical effects of spinal manipulation are thought to be mediated by
biomechanical and/or neurophysiological mechanisms. However, the exact mechanism(s)
through which spinal manipulation exerts pain-modulatory effects, influences tissue repair and
healing, and restores functional ability remains a mystery. Over the past decades, numerous
hypotheses have been offered to explain these mechanisms, but evidence to support these
theories is still limited. The evidence to date suggests that the effects of spinal manipulation are
beyond biomechanical changes; in fact, a cascade of neurophysiological mechanisms may be
initiated (Schmid et al. 2008). Biomechanical changes that occur due to spinal manipulation are
thought to be produced by vertebral movement. The high-velocity, low-amplitude (HVLA) thrust
introduced at the vertebral level during spinal manipulation mobilises the vertebrae on one
another and is presumed to alter segmental biomechanics. In addition, the produced vertebral
movement is known to be complex, as several adjacent vertebral levels are mobilised
simultaneously (Maigne and Vautravers 2003; Potter et al. 2005).There are four main theories of
biomechanical changes elicited by spinal manipulation. These are (1) release of entrapped
synovial folds or meniscoids; (2) restoration of buckled motion segments; (3) reduction of
articular or periarticular adhesions; and (4) normalisation of ‘hypertonic’ muscle by reflexogenic
effect (Evans and Breen 2006). However, the relevance of these theories on clinical outcomes
remains uncertain. This is due to the fact that although a number of studies have quantified
motion with spinal manipulation, biomechanical effects were found to be transient in nature
(Colloca, Keller and Gunzburg 2004; Colloca et al. 2006; Coppieters and Butler 2008; Funabashi
et al. 2016), and no plausible evidence has yet been found in support of a lasting positional
change (Bialosky, George and Bishop 2008a). So far, only the muscular reflexogenic theory has
some plausible evidence in support of its mechanical explanation (Clark et al. 2011; Colloca and
Keller 2001; Currie et al. 2016); nevertheless, the clinical assertion that hypertonic muscles are
influenced by an increased stretch reflex gain is not yet proven (Zedka et al. 1999). Furthermore,
a common explanation widely propagated for the success of spinal manipulation is that it



corrects changes in biomechanical dynamics, specifically position and movement faults,
detected on examination. However, a majority of the current literature does not validate this
explanation. This is because palpation has not been found to be a reliable method to identify
areas requiring spinal manipulation (Seffinger et al. 2004; Walker et al. 2015), and the thrust
applied during a therapy cannot be specific to an intended location (Frantzis et al. 2015) and
varies between therapists (Cambridge et al. 2012).The success of spinal manipulation in treating
musculoskeletal disorders despite theoretical inconsistencies in its supposed biomechanical
mechanisms indicates the possibility of concurrent additional mechanisms. Biomechanical
changes evoked as a result of spinal manipulation may induce neurophysiological responses by
influencing the inflow of sensory input to the central nervous system (Pickar 2002). Moreover,
the mechanical force applied during spinal manipulation could either stimulate or silence
mechanosensitive and nociceptive afferent fibres in paraspinal tissues, including skin, muscles,
disc or discs, facet, tendons and ligaments (Currie et al. 2016; Randoll et al. 2017). These inputs
have been thought to stimulate pain-processing mechanisms and other physiological systems
connected to the nervous system (Bialosky et al. 2008a, 2009; Clark et al. 2011; Maigne and
Vautravers 2003; Pickar 2002). In support of this hypothesis, Pickar and Bolton (2012)
developed the notion that neural responses arising from the nervous system due to mechanical
stimulus might be because of alterations in peripheral sensory input from paraspinal
tissues.Taken together, it can be said that changes in spinal biomechanics trigger the chain of
neurophysiological responses responsible for the therapeutic outcomes associated with spinal
manipulation, and there is a potential for combined biomechanical and neurophysiological
effects following spinal manipulation. However, the possible interaction of these effects has
frequently been overlooked in the current literature. The possibility of a combined effect is
important to consider as biomechanical characteristics of a given spinal manipulation are shown
to have a unique dose–response relationship with biomechanical, neuromuscular and
neurophysiological responses (Cambridge et al. 2012; Downie, Vemulpad and Bull 2010;
Nougarou et al. 2016). For example, paraspinal electromyographic (EMG) responses have an
apparent dependence on the force/time characteristics of the mechanical thrust applied during
spinal manipulation (Colloca et al. 2006). Therefore, future clinical studies should be conducted
to investigate the relationship between variations in mechanical parameters (e.g., preload, peak
force and thrust) and physiological responses and the relevance of varying parameters with
biological and therapeutic outcomes.Neurophysiological effects of spinal manipulationMany
authors have long postulated that spinal manipulation exerts its therapeutic effects by means of
a number of neurophysiological mechanisms working on their own or in combination (Bialosky et
al. 2008a, 2009; Pickar 2002). These mechanisms involve complex interactions between the
peripheral nervous system and the central nervous system, and have been thought to be set in
motion when spinal manipulation activates paraspinal sensory afferents (Pickar and Bolton
2012). The activation of sensory neurons is presumed to occur either during the manoeuvre
itself and/or because of changes in spinal biomechanics. These paraspinal sensory inputs are



assumed to alter neural integration either by directly influencing reflex activity and/or by affecting
central neural integration within motor, nociceptive and possibly autonomic neuronal pools
(Pickar 2002). However, since current biomechanical studies of spinal manipulation are unable
to observe the changes occurring in the brain following the therapy – for example, how sensory
afferent neurons produce neurophysiological effects by interacting with those in the central
nervous system – the validity and relevance of theorised neurophysiological mechanisms in
relation to therapeutic outcomes remains unclear. Implications for specific neural mechanisms of
manipulation are suggested from associated neurophysiological responses, which have been
observed in mechanistic studies.Over the past decades, a number of specific and non-specific
neural effects of spinal manipulation have been reported, including increased afferent discharge
(Pickar and Bolton 2012), central motor excitability (Pickar 2002), alterations in pain processing
(Lelic et al. 2016), reduction of temporal summation (Randoll et al. 2017), stimulation of the
autonomic nervous system (Sampath et al. 2015), lessening of pain perception (Bialosky et al.
2008b) and many more. These neural responses collectively implicate mechanisms mediated by
the nervous system. Figure 1.1 presents a new theoretical model that illustrates the proposed
neurophysiological effects of spinal manipulation based on the findings of current mechanistic
literature. This model is heavily inspired by the comprehensive model presented by Bialosky and
colleagues (2009), which was drawn interpreting the literature of several forms of manual
therapy including nerve-based, mobilisation, manipulation and message therapies; hence, its
relevance to spinal manipulation alone is unclear. The theoretical model we propose herein is
diagrammed including only the literature on HVLA thrust manipulation.Figure 1.1.
Neurophysiological and neurochemical effects of spinal manipulationNeuromuscular
effectsMuscle activationThe muscular reflexogenic response is an important theory that is
frequently used to explain the mechanism of spinal manipulation. The muscles of the human
body have some reflex responses, by means of their reflex arcs, to protect themselves from
potentially harmful force (Evans 2002). In manual therapy literature, the reflexogenic effect is
often explained using one of the prominent theories of pain, the pain–spasm–pain cycle (Travell,
Rinzler and Herman 1942), which suggests that pain causes muscular hyperactivity (spasm)
and muscle spasm reflexly produces pain, establishing a self-perpetuating cycle. Although this
pain model lacks unequivocal support from the literature (van Dieën, Selen and Cholewicki
2003), there is enough evidence in support of the fact that low back pain (LBP) patients
experience significantly higher levels of paraspinal muscle activity than normal healthy
individuals during static postures (Geisser et al. 2004; Hodges and Moseley 2003; Lewis et al.
2012). Spinal manipulation is thought to disrupt the pain–spasm–pain cycle by reducing muscle
activity through reflex pathways. Pickar (2002) postulated that the mechanical stimulus applied
during manipulation on paraspinal tissues might influence the sensory receptors to cause
muscle inhibition, and suggested that afferent stimuli would target this inhibition as a reflex
response. Herzog (2000) proposed that the neuromuscular response to spinal manipulation
could involve two reflex pathways – the capsule mechanoreceptor pathway and the muscle



spindle pathway – and these pathways might differentiate by muscle activity onset delay.EMG
signals are commonly used to quantify changes in muscle activation following spinal
manipulation. Amplitude and timing of the EMG signal are the two aspects that quantify muscle
activity changes (Currie et al. 2016). Experimental studies done to assess neuromuscular
responses to spinal manipulation reported both increases and decreases in EMG amplitude
following manipulation (Bicalho et al. 2010; Ferreira, Ferreira and Hodges 2007; Lehman 2012;
Lehman and McGill 2001). It is to be noted that most authors, including Lehman and McGill
(2001), reported a reduction of paraspinal muscle activity following manipulation in resting
phase. The conflicting results, however, appeared when EMG amplitudes were analysed during
dynamic activity (flexion or extension). Nevertheless, most of the high-quality experiments
published to date reported reduced paraspinal voluntary EMG amplitude during extension and
relaxation phases (Lehman 2012). The changes in EMG amplitude in response to manipulation
indicate that the underlying mechanism of spinal manipulation may involve the disruption of the
pain–spasm–pain model.The timing of the EMG signal is another measure of the muscle activity
changes. Muscle activity onset delay quantifies the reflex response of a given spinal
manipulation. Onset delay of a muscle following manipulation is too short, and varies in a wide
range, from 1 to 400 milliseconds (Colloca, Keller and Gunzburg 2003; Currie et al. 2016; Keller,
Colloca and Gunzburg 2003); thus, it is unlikely to be activated voluntarily (Herzog 2000). On the
other hand, because a spinal reflex is assumed to take place within 120 milliseconds (Wilder et
al. 1996), there is a high likelihood that a spinal reflex response may be involved with the muscle
activity onset delay. Furthermore, in a recent study Currie et al. (2016) quantified differences in
muscle activity onset delay between symptomatic and asymptomatic participants following
lumbar manipulation, and found that those with LBP (symptomatic) had longer onset delays than
their healthy (asymptomatic) counterparts, although the difference in timing was only 5
milliseconds. The authors suggested that the delayed neuromuscular response in the
symptomatic group in response to spinal manipulation might be due to the involvement of
capsule mechanoreceptor pathways. In support of this claim, they cited Herzog’s (2000) work,
where the author anticipated the faster activation of the muscle spindle pathways than capsular
reflex pathways because of their reliance on large diameter Ia afferents.From the above
discussion, it is evident that spinal manipulation results in neuromuscular responses, involves
spinal reflex pathways and may reduce muscle hyperactivity. However, it needs to be
investigated whether the evoked short-latency changes in EMG amplitude and timing following
manipulation indicate a clinically significant outcome or merely a short-term effect.Modulation of
gamma motor neuron activityKorr’s (1975) theory of the facilitated segment is a decades-old
theory that has been used to interpret the mechanism of manipulation. From the early evidential
basis, Korr hypothesised that a painful segment has a facilitatory response, and proposed that
an increase in gamma motor neuron activity could lead to muscle hypertonicity by reflexly
facilitating the alpha motor neuronal hyperexcitability. Korr suggested that spinal manipulation
could calm the excited gamma motor neurons by increasing joint mobility, producing a barrage



of proprioceptive afferent impulses. However, one major limitation of Korr’s theory is that it
lacked the neural pathways (i.e., afferent input likely to arise and reflex pathways that may be
activated due to spinal manipulation) for its proposed mechanism of action. Interestingly, the
pain–spasm–pain cycle (Travell et al. 1942) sheds some light on the possible neural pathway
that may be involved in gamma motor neuron excitability. Johansson and Sojka (1991) proposed
that this neural pathway would involve a hyperactive spinal stretch reflex, which is a process that
involves skeletal muscle contraction and is thought to occur when the muscle spindles and Ia
afferents are activated due to stretching of the muscle (Trompetto et al. 2014). Johansson and
Sojka (1991) postulated that nociceptive afferents directly project on the gamma motor neurons,
which react by increasing the output of muscle spindles, allowing the associated afferent nerves
to signal changes in muscle length. This, in turn, results in the hyperexcitability of alpha motor
neurons and subsequently leads to increased muscle activation.As stated before, the pain–
spasm–pain model is not unequivocally supported in the literature. Several authors have
suggested that the sensitivity of muscle spindles is not affected by LBP, or paraspinal tissues do
not undergo noxious stimulation (Birznieks, Burton and Macefield 2008; Zedka et al. 1999).
Many studies still support the concept that spinal manipulation disrupts the pain–spasm–pain
cycle and that it works by decreasing the hyperactivity of underlying nociceptors, consequently
leading to stretch reflex attenuation and subsequent reduction in muscle activation (Herzog
2000; Pickar and Bolton 2012; Potter et al. 2005). Recently, however, two novel studies have
established that with spinal manipulation, corticospinal or stretch reflex excitability can be
attenuated. In the first study done to quantify the effects of spinal manipulation on stretch reflex
excitability, Clark et al. (2011) observed an attenuation of stretch reflex of the erector spinae
muscles when spinal manipulation produced an audible cracking sound. The authors suggested
that manipulation might mechanistically act to reduce the output of muscle spindles and other
segmental sites in the Ia reflex pathway. The second study was conducted by Fryer and Pearce
(2012) on asymptomatic participants. The authors demonstrated a significant reduction in
corticospinal and spinal reflex excitability following HVLAT manipulation that produced an
audible cavitation. They also suggested that considerable alterations in corticospinal excitability
could lead to changes in motor recruitment strategies.These findings provide more insight into
the possible segmental mechanisms of spinal manipulation. In addition, because an increased
stretch reflex gain forms the basis of one of the neural pathways of the pain–spasm–pain cycle, it
can be said that spinal manipulation may function via the pain model by attenuating stretch
reflex hyperactivity, consequently reducing the hyperexcitability of gamma motor
neurons.Modulation of alpha motor neuron activityThe involvement of alpha motor neurons in
the modulation of musculoskeletal pain has been proposed by two of the prominent theories of
pain: (1) the pain–spasm–pain cycle (Cooperstein, Young and Haneline 2013) and (2) the pain-
adaptation model (Lund et al. 1991). The pain–spasm–pain model proposes two distinct neural
pathways that contribute to pain. However, both theories have one common basis: that
hyperexcitability of the alpha motor neuron pool leads to increased muscle activity. One neural



pathway is described above (see ‘Modulation of gamma motor neuron activity’). Another
pathway involves the projections of nociceptors onto alpha motor neurons via excitatory
interneurons. On the other hand, the pain-adaptation model postulates that pain increases
muscle activity when the muscle acts as antagonist and decreases it when active as agonist.
The neural pathway proposed for this model involves feedback of nociceptive afferents
projecting onto alpha motor neurons via both excitatory and inhibitory interneurons. The central
nervous system (CNS) is thought to control the function of these interneurons and provide motor
command of whether to excite or inhibit the alpha motor neuron pool (van Dieën et al. 2003). In
short, regardless of the exact neural pathways, it may be said that the alpha motor neuron
excitability forms the basis in the mechanism of musculoskeletal pain, as the modulation of
alpha motor neurons correlates with changes in muscle activation.Spinal manipulation has been
thought to relax or normalise hypertonic muscle through modulating alpha motor neuron activity.
However, the exact effect(s) of manipulation on motor neurons is still unknown. As described
above (see ‘Muscle activation’), most of the higher-quality EMG studies conducted to date
demonstrated a significant attenuation of muscle activity following manipulation during forward
bend or lying prone position (Lehman 2012). In a recent study on LBP patients, after observing
reductions in EMG muscle activity during the flexion-relaxation phase, Bicalho et al. (2010)
suggested that such decreases in EMG amplitude might be due to two different scenarios: (1)
the hyperexcitability of the alpha motor neuron pool was decreased following spinal
manipulation, or (2) manipulation increased the inhibition of the alpha motor unit. Nevertheless,
the clinical relevance of EMG amplitude changes on the motor neuron pool is unclear, as EMG
muscle activity changes were found to be transient in nature, and several studies have reported
conflicting results.Two experimental techniques that have been used to effectively measure
motor neuron activity after mechanical stimulation include the H-reflex and transcranial magnetic
stimulation (TMS). The H-reflex technique assesses the spinal reflex pathways that project onto
the target muscle, bypassing the muscle spindle. It reveals an estimate of changes to the alpha
motor neuron excitability following spinal manipulation (Burke 2016). In contrast, the TMS
technique uses changing magnetic fields to measure the corticospinal tract excitability between
the motor cortex and targeted muscle, evoking motor-evoked potential (MEP). It reveals the
alterations in the motor cortex excitability after manipulation (Klomjai, Katz and Lackmy-Vallée
2015).A series of studies conducted by Dishman and colleagues (Dishman and Bulbulian 2000,
2001; Dishman and Burke 2003; Dishman, Cunningham and Burke 2002; Dishman, Dougherty
and Burke 2005) has consistently reported a significant but temporary attenuation of alpha
motor neuron excitability after spinal manipulation using H-reflexes. One major shortcoming of
these studies was that they lacked a no intervention control group. These findings, however,
were contrasted by Suter, McMorland and Herzog (2005) who, after observing no alteration in H-
reflexes in a subgroup, argued that the decreases in the H-reflex could be due to movement
artifact during manipulation. In contrast, with a randomised controlled crossover design, Fryer
and Pearce (2012) supported the findings of Dishman and colleagues but opposed Suter et al.’s



(2005) conclusion. They reported that inhibition of H-reflexes was not associated with movement
artifact as the control group showed no significant changes undergoing the same repositioning
of the intervention group. More recently, in a cross-sectional study that included both
asymptomatic healthy volunteers and subacute LBP patients, Dishman, Burke and Dougherty
(2018) reported suppression of the Ia afferent-alpha motor neuron pathway and a valid and
reliable attenuation of the Hmax/Mmax ratio1 following spinal manipulation, which was beyond
movement or position artifacts. This finding presents a completely meaningful physiological
difference and provides convincing evidence in support of the long-held notion that HVLAT
manipulation inhibits the excitability of the alpha motor neuron pool.Since 2000, changes in
MEPs following spinal manipulation have been examined by only a few researchers, and they
reported conflicting results. While Dishman et al. (Dishman, Ball and Burke 2002; Dishman,
Greco and Burke 2008) reported a transient but significant increase in MEPs compared with
baseline after manipulation, Clark et al. (2011) found a slight decrease but no significant
alteration in the erector spinae MEP amplitude. In contrast, Fryer and Pearce (2012) observed a
significant reduction in MEP amplitudes following manipulation. However, it is to be noted that
Fryer and Pearce followed an established protocol to measure MEPs and recorded amplitudes
roughly 10 minutes after the intervention, and thus speculated that a transient facilitation of
MEPs might have occurred at the beginning. On the other hand, Dishman et al. observed that
changes in MEPs returned to baseline 30–60 seconds following manipulation. Nevertheless,
such conflicting data do not evidently indicate that spinal manipulation alters the corticospinal
tract excitability.Taken together, although spinal manipulation has been reported to result in a
significant decrease in H-reflexes and EMG amplitudes, the clinical relevance of such short-lived
changes on the motor neuron pool in the mechanisms that underlie the effectiveness of spinal
manipulation is still speculative and needs to be determined.Autonomic responsesThe
autonomic nervous system (ANS) acts largely unconsciously and controls the involuntary
responses to maintain the internal body environment. It regulates several body processes (e.g.,
heart rate, respiratory rate, sweat and salivary secretion, blood pressure and pupillary response)
and supplies various internal organs that have smooth muscle (e.g., heart, lungs, pupils, salivary
glands, liver, kidneys, bladder and digestive glands). The system is regulated from the
hypothalamus portion of the brain and is also in control of the underlying mechanisms during a
fight-or-flight response (Cannon 1915). The ANS also has potential interaction with the
nociceptive (pain) system on multiple levels, which include the brain stem, fore brain, periphery
and dorsal horn (Benarroch 2006). Hence, any intervention that influences the functions of the
ANS may have significant implications, as this may provide important mechanistic information
and even shed some light on the possible neurophysiological mechanisms of that intervention.In
the manual therapy literature, autonomically mediated responses following spinal manipulation
have been well established. A variety of outcome measures have been used to determine ANS
activity after manipulation, including skin blood flow (SBF) indexes, blood pressure changes,
pupillary reflex and heart rate variability (HRV). Studies performed to assess short-term changes



in SBF following manipulation suggested a sympathoexcitatory effect, although this effect might
be challenged because of overlooked local endothelial mechanisms regulating SBF (Zegarra-
Parodi et al. 2015). Comparison of blood pressure changes pre and post manipulation has
demonstrated ANS involvement (Welch and Boone 2008; Win et al. 2015). Pupillary reflex is also
reported as an indicator of ANS activity (Sillevis et al. 2010). HRV is another well-established
marker of cardiac autonomic neural activity, and reflects whether the sympathetic or
parasympathetic branches of the ANS are influenced (Win et al. 2015). Therefore, it has been
presumed that the effects of spinal manipulation on the ANS might lead to opioid-independent
analgesia, influencing the reflex neural outputs on the segmental and extrasegmental levels
(Sampath et al. 2015).Significance of ANS changes following manipulationAnatomically, the two
complementary parts of the ANS include the sympathetic nervous system (SNS) and the
parasympathetic nervous system (PNS). The interaction between both these systems is known
to influence the stress response of tissues (Cramer and Darby 2013). The SNS plays an active
role in mediating the fight-or-flight response and serves as a medium for the efferent
communication between the immune system and the central nervous system. It releases
catecholamine as an end product, which modulates several immune parameters during acute
and chronic inflammation (Elenkov et al. 2000; Pongratz and Straub 2014). The mediating role of
SNS between somatic and supportive processes has been demonstrated in Korr’s pioneering
work (Korr 2012). In addition, it has also been found that musculoskeletal abnormalities are
associated with alterations in cutaneous patterns of sympathetic activity (Korr, Wright and
Thomas 1962). In the manual therapy literature, this modulatory effect of the SNS on
inflammation has been of special interest, as it may explain some of the neurophysiological
effects observed after spinal manipulation. Hence, in the proposed physiological mechanisms of
spinal manipulation, a prominent role of the peripheral sympathetic nervous system (PSNS) in
the modulation of pain and inflammation has been theorised by both Pickar (2002) and Bialosky
et al. (2009).A number of studies since 2000 have investigated the effects of spinal manipulation
on SNS changes. While some studies have reported immediate activation of the SNS following
spinal manipulation (Budgell and Polus 2006; Welch and Boone 2008; Win et al. 2015; Zegarra-
Parodi et al. 2015), others reported no change in sympathetic activity (Giles et al. 2013; Sillevis
et al. 2010; Ward et al. 2013; Younes et al. 2017; Zhang et al. 2006). Welch and Boone (2008)
suggested that the autonomic responses observed after manipulation might vary based on the
specific segment(s) of the spine manipulated. The authors concluded that sympathetic
responses are likely to be elicited from thoracic/lumbar manipulation while parasympathetic
responses might result from cervical spine manipulation. Several studies have supported this
hypothesis to some extent (Budgell and Polus 2006; Giles et al. 2013; Win et al. 2015). However,
contrary findings have also been reported. After measuring the HRV in healthy asymptomatic
subjects at two separate time points, Zhang et al. (2006) reported a dominance of the PNS
following thoracic manipulation. Recently, using both HRV and baroreflex sensitivity, another
study (Ward et al. 2013) conducted on acute back pain patients has also demonstrated



increased parasympathetic autonomic control after lumbar manipulation.However, there were
methodological differences between these studies, and no gold-standard technique was used to
measure the SNS changes. In addition, the differences in findings were also somewhat
dependent on the type of outcome measure used. It appears that the conflicting results mostly
came from studies (Budgell and Polus 2006; Giles et al. 2013; Welch and Boone 2008; Ward et
al. 2013; Win et al. 2015; Younes et al. 2017; Zhang et al. 2006) that used HRV analysis as a
means to determine the nature of autonomic responses after manipulation. The findings of these
studies were in favour of either the SNS or PNS. On the other hand, a recent systematic review
on post-manipulation SBF changes has reported the presence of a short-term
sympathetoexcitatory response (Zegarra-Parodi et al. 2015).One possible reason for such
differences might be the use of the low frequency (LF)/high frequency (HF) ratio as an indicator
of ANS activity, where HF represents PNS efferent activity and LF corresponds to both PNS and
SNS efferent activity. This method of assessing HRV has been criticised due to
oversimplification of the complex non-linear interactions between the SNS and PNS (Billman
2013). More recently, Sampath et al. (2017), using a reliable measure (near-infrared
spectroscopy) to assess SNS activity, reported an immediate sympathetic excitation following
thoracic manipulation. Interestingly, this study also investigated pre and post manipulation HRV
data but found no statistically significant difference between the groups. Nevertheless, the
findings of this study need to be interpreted cautiously, as it was based on asymptomatic male
subjects, and there has been a report of ANS dysregulation in chronic pain patients. Hence,
more research on symptomatic population is warranted.Effects of manipulation-induced
autonomic changes on supraspinal mechanismsAs discussed above, there is a complex
interaction between the ANS and the pain system, and the PSNS plays a significant role in
modulating pain and inflammation. Hence, considering the evidence of immediate
sympathetoexcitatory responses following manipulation, Sampath et al. (2015) suggested that
these SNS changes might be linked to changes in pain-modulating supraspinal mechanisms. In
support of this hypothesis, the authors cited two imaging studies (Ogura et al. 2011; Sparks et al.
2013) that demonstrated the effects of manipulation on several supraspinal structures including
the cerebellar vermis, middle temporal gyrus, insular cortex, inferior prefrontal cortex and
anterior cingulate cortex. All these structures have been reported to be involved in the regulation
of autonomic function (Kenney and Ganta 2011). On the other hand, there has been a growing
body of evidence in support of the manipulation-induced neural plastic changes (Daligadu et al.
2013; Lelic et al. 2016; Taylor and Murphy 2010) occurring in various brain structures such as the
cerebellum, basal ganglia, prefrontal cortex, primary sensory cortex and primary motor cortex.
Taken together, although there is no direct evidence in support of Sampath et al.’s (2015)
hypothesis, this might be a fruitful area of research for future studies.Co-activation of the
neuroendocrine systemThe hypothalamus region is known for coordinating stress responses by
activating the hypothalamic–pituitary (HP) axis and a neural pathway involving the PSNS. The
hypothalamic–pituitary–adrenal (HPA) axis has been considered to be the central stress



response system and is known to release adrenal glucocorticoid (cortisol), which is a class of
corticosteroids that are well recognised in the literature for their anti-inflammatory and
immunosuppressive actions (Ulrich-Lai and Herman 2009). On the other hand, as discussed
above, the SNS has been reported to serve as a mediator between the somatic and supportive
processes. Hence, it has been well established that both the SNS and HPA axis could play a
significant role in the modulation of acute and chronic inflammation, and the neuroendocrine
(SNS–HPA axis) mechanisms are involved in the pain relief and tissue-healing processes
(Chrousos 2009; Ulrich-Lai and Herman 2009). These two systems have also been reported to
work together, overlapping the underlying neural circuitry (Chrousos 2009). In addition, the
evidence suggests that spinal manipulation could influence the activity of both the SNS and HPA
axis. Several studies have assessed the effect of spinal manipulation on the HPA axis, and an
immediate increase in serum cortisol levels following manipulation has been observed in both
symptomatic and asymptomatic patients (Padayachy et al. 2010; Plaza-Manzano et al.
2014).Considering the above facts, Sampath et al. (2015) hypothesised that there could be an
association between SNS changes and HPA axis responses, and post-manipulation changes in
the SNS might be accompanied by HPA axis changes. The authors proposed possible neural
reflex pathways in support of this hypothesis. They suggested that HVLAT at the thoracolumbar
segment of the spine would result in excitation of the preganglionic sympathetic cells and
subsequent stimulation of mechanoreceptors. These inputs would then travel to several regions
of the brain stem and subsequently would lead to opioid-independent analgesia by influencing
the hypothalamus and PAG (periaqueductal grey) matter in the midbrain. The hypothalamic
release of the corticotropin-releasing factor (CRF) would then occur to modulate the SNS and
HPA axis response. The neuroendocrine (SNS–HPA axis) system would then release its end
products (catecholamines and glucocorticoids) to initiate anti-inflammatory and tissue-healing
actions. However, to date, only one study (Sampath et al. 2017) has been conducted to
investigate the SNS–HPA axis response to manipulation in the same trial. Although this study
reported a reduction in salivary cortisol level immediately after thoracic manipulation and
observed an immediate effect of manipulation on the SNS, the clinical relevance of such
changes is so far unknown. Therefore, more research is needed to determine the true clinical
significance of neuroendocrine response following manipulation.Hypoalgesic effectsIt is thought
that four types of mechanism contribute to the hypoalgesic effects of spinal
manipulation.Segmental inhibitionThe concept of this mechanism is based on Melzack and
Wall’s (1965) gate control theory of pain. This theory proposes that nociceptive (small diameter)
A-delta (A-δ) and C sensory fibres carry the pain stimuli to the dorsal horn and ‘open’ the
substantia gelatinosa layer, whereas non-nociceptive (large diameter) A-β fibres inhibit the
transmission of pain signals by blocking the entry of A-δ and C fibres. Because mechanical
stimulus applied during spinal manipulation may alter peripheral sensory input from paraspinal
tissues, it has been presumed that manipulation may influence the gate-closing mechanism by
stimulating the A-β fibres from muscle spindles and facet joint mechanoreceptors (Potter et al.



2005). Systematic reviews by Millan et al. (2012) and Coronado et al. (2012) have critically
reviewed studies that examined the hypoalgesic effects of spinal manipulation on experimentally
induced pain. Most of the studies included in these two reviews observed a segmental
hypoalgesic effect of manipulation, and suggested that supraspinal pathways might be involved
in the segmental mechanism. In addition, the involvement of a segmental mechanism in the
modulation of pain perception has also been proposed by numerous studies investigating the
neuromuscular effects of spinal manipulation (see ‘Neuromuscular effects’). However, it needs to
be determined whether the observed local hypoalgesic effect following manipulation is merely a
reflex effect on the pre-existing painful condition itself or due to activation of the endogenous
pain inhibitory system.Activation of descending pain inhibitory pathwaysThis mechanism is
based on the effects of spinal manipulation on the pain-modulatory neural circuitry. Manipulation
has long been thought to modulate the non-opioid hypoalgesic system by activating the
descending pain-modulation circuit, especially serotonin and noradrenaline pathways, from the
PAG and rostral ventromedial medulla (RVM) of the brain stem (Pickar 2002; Vernon 2000;
Wright 1995). This hypothesis has been supported by both animal model and human studies. In
laboratory animal models (Reed et al. 2014; Skyba et al. 2003; Song et al. 2006), objective
evidence has been found in support of a central antinociceptive effect that appeared to be
mediated by serotoninergic and noradrenergic inhibitory pathways. The findings of human
studies (Alonso-Perez et al. 2017; O’Neill, Ødegaard-Olsen and Søvde 2015; Sterling, Jull and
Wright 2001) conducted on both symptomatic and asymptomatic subjects are also consistent
with the findings of animal models. However, although human research supports a non-opioid
form of manipulation-induced hypoalgesic effect through activation of some type of descending
inhibitory mechanism, the exact circuit is yet not agreed upon. Because neural responses
following spinal manipulation may vary depending on the rate of force application and the
location at which the thrust is applied (Cambridge et al. 2012; Downie et al. 2010; Nougarou et
al. 2016), it has been assumed that variations in mechanical parameters of manipulation may
activate different descending inhibitory pathways (Savva, Giakas and Efstathiou 2014).
Therefore, future research should be performed to investigate the exact descending pain-
modulatory circuit involved after spinal manipulation, and these studies should also carefully
consider the force/time and contact site characteristics of the given intervention.Non-specific
cerebral responsesThe relevance of non-specific variables such as expectation and
psychosocial factors in the mechanisms of spinal manipulation cannot be totally dismissed
(Bialosky et al. 2009). Expectation of good functional outcomes may decrease pain perception
without spinal involvement. In addition, a systematic review indicated that spinal manipulation is
associated with better psychological outcomes than verbal interventions (Williams et al. 2007).
However, studies done to determine the influence of non-specific cerebral processes in
manipulation-induced hypoalgesia have found that manipulation has greater and specific effects
on pain sensitivity than expectations of receiving the intervention (Bialosky et al. 2008b, 2014).
Nevertheless, additional work is needed to determine whether application of spinal manipulation



with increased positive expectations could provide an additive effect on pain
perception.Temporal summationThe effects of spinal manipulation on temporal summation of
pain constitutes another experimental model that can be used to explain the mechanisms of
manipulation-induced hypoalgesia. Temporal summation refers to an increased perception of
pain evoked by repetitive painful (noxious) stimulus of the same amplitude and frequency. It
represents a psychophysical correlate of a frequency-dependent, progressively increasing
excitability of dorsal horn neurons (i.e., wind-up) (Anderson et al. 2013). Wind-up is an
interesting model to study for manual therapy researchers, as it is a central phenomenon and
not mediated by peripheral mechanisms (Herrero, Laird and Lopez-Garcia 2000). The constant
nociceptive input into dorsal horn neurons through temporal summation can trigger
transcriptional and translational changes that are related to the short-lived aspect of central
sensitisation (Anderson et al. 2013; Staud et al. 2007). Thus, temporal summation can be used
to characterise mechanisms of central processing in chronic pain conditions.Early experimental
studies (Bialosky et al. 2008b; George et al. 2006) done with cutaneous heat application to
examine the effects of lumbar spinal manipulation reported immediate reduction of temporal
summation in the lower extremity regions but not in upper limb dermatomes. This finding
suggested that the hypoalgesic effects observed following manipulation might be regionally
specific or segmental in nature. To confirm this hypothesis, Bishop, Beneciuk and George (2011)
conducted a study to test whether thoracic spinal manipulation reduces temporal summation of
pain. In contrast to earlier findings, they found that temporal summation was reduced in both
upper and lower extremities, which suggested an involvement of both segmental and
descending inhibitory mechanisms in manipulation-induced hypoalgesia. Recently, Randoll et al.
(2017), using repeated electrical stimulus, also found that temporal summation of pain was
reduced by thoracic spinal manipulation. The authors supported an involvement of segmental
mechanism and suggested that deep high-threshold mechanoreceptors might be responsible
for HVLA-induced hypoalgesia. However, further research is needed to establish the clinical
relevance of these findings.ConclusionIn this study, we discussed various theories proposed to
date to explain the neurophysiological effects of spinal manipulation, and reviewed the
mechanistic studies that have been done to validate the relevance of these theories. So far, the
exact mechanism(s) through which spinal manipulation works has not been established.
Experimental models conducted on both animal and human subjects have indicated that
mechanical stimulus applied during manipulation produces a barrage of input into the dorsal
horn of the spinal cord, which initiates a cascade of neural responses involving complex
interactions between the PNS and CNS. Observing neurophysiological responses following
spinal manipulation, these models have suggested possible mechanisms underlying the
neuromuscular, autonomic, neuroendocrine and hypoalgesic effects of manipulation. However,
the relevance of these implications in relation to the observed clinical effects remains unclear.
This is because a majority of the mechanistic studies published to date have mainly investigated
short-latency changes or immediate effects of spinal manipulation using their experimental



models. In addition, the dose–response relationship associated with the specific neural effect of
manipulation has frequently been overlooked in the current literature. Therefore, future studies
projected at understanding the possible neural mechanisms of spinal manipulation should
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