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Practice points

Background

●● 	Manual therapies (MTs) are centuries old and practiced by many professions worldwide.

●● 	Techniques are generally classified as joint, muscle and connective tissue, or neurovascular-biased techniques based 
on the primary tissue focus of the technique.

●● 	MT is effective for managing musculoskeletal pain.

Mediating factors for effectiveness of MT

●● 	Biomechanical:

ūū 	MT causes measurable movement in targeted tissues;

ūū 	Some structural changes occur within the targeted tissues in response to MT;

ūū 	Limitations to a strictly biomechanical model explaining the effectiveness of MT result from low interpractitioner 
reliability of application of technique parameters (force and magnitude, among others).

●● 	Neurophysiological:

ūū 	Immediate changes in neurophysiological function observed after MT:

ūū 	Reduction in inflammatory markers;

ūū 	Decreased spinal excitability and pain sensitivity;

ūū 	Modification to cortical areas involved in pain processing;

ūū 	Excitation of the sympathetic nervous system.

Moderating factors for effectiveness of MT

●● 	Patient and provider expectation, therapeutic alliance, and context of the intervention heavily influence the clinical 
outcomes of MT.

●● 	Psychological factors (e.g., catastrophizing) interact with technique provision enhancing or reducing benefit.

Future directions

●● 	Additional work is needed to link immediate changes in neurophysiological measures with clinical outcomes.

●● 	The appropriate dosing of MT remains undetermined.

●● 	Genetic characteristics of patients may also be linked to response to MT.

For reprint orders, please contact: reprints@futuremedicine.com
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This perspective is really about two things. 
First, it is about what ‘manual therapy’ (MT) is. 
Second, it is about how MT affects the patient’s 
whole pain experience.

So what is MT? In general terms, MT is most 
often described (particularly by manual thera-
pists) by the tissue targeted by the practitioner; 
which can be joint-biased, muscle and con-
nective tissue-biased, and/or those techniques 
biased toward the neurovascular system. Joint-
biased techniques target articular structures; 
muscle and connective tissue techniques apply 
manual stress to these tissues; and techniques 
focused on the neurovascular system place stress 
on neurovascular bundles. However, there is 
considerable overlap among practitioners in the 
targeted tissues that serve as the focus of the 
therapies provided and the techniques that are 
used. For example, chiropractors, physiothera-
pists and osteopaths all provide therapies that 
target each of these areas.

The MTs are a very old discipline that devel-
oped in parallel in many cultures across the 
world  [1]. Muscle-biased techniques have been 
represented in Egyptian pictographs, founda-
tional documents of traditional Chinese medi-
cine, and Sanskrit writings from India. Early 
texts by Hippocrates describe the use of joint 
and muscle-biased techniques. Today there exist 
quite a staggering variety of schools of thought 
within MT practiced by many different profes-
sions including but not limited to osteopathy, 
chiropractic, physiotherapy and massage therapy.

Often discussions of MT, focus specifically on 
the ‘manual’ part of MT – the use of a practi-
tioners’ hands with the intent to effect beneficial 
change in some part of a patient. However, MT 
is not just the application of a technique but an 
entire ‘process’ for patient management based 
on a reasoning model  [2]. In its simplest form, 
MT encompasses a philosophy of caring for the 
patient that is similar to many other treatment 

strategies. As such MT involves not only aspects 
related to the interventions; for example, pas-
sive movement of a joint, but consistent with 
other complex interventions [3] also includes sur-
rounding issues related to patient management 
(e.g., the diagnostic process, patient/practitioner 
interaction, movement re-education, advice and 
cognitive–behavioral factors, among others) 
which are often influential factors for clinical 
improvement in patients with musculoskeletal 
pain.

The pain experience
The International Association for the Study of 
Pain defines pain as “…unpleasant sensory and 
emotional experience that is associated with 
actual or potential tissue damage or described 
in such terms.” That definition continues: “Pain 
is always subjective. Each individual learns the 
application of the word through experiences 
related to injury in early life” [4]. This suggests 
that as clinicians, we should not question patients 
perception or nature of pain, rather acknowledge 
that it is an individual unique experience; that 
is, the individual has the last word as to whether 
he or she is in pain or not, and what the nature 
and amount of his or her pain is.

Melzack and Casey (1968) proposed that the 
pain experience has three dimensions  [5]. The 
sensory-discriminative dimension identifies the 
location on or within the body, the characteristics 
(mechanical, chemical and heat, among others) 
of the stimulus, and prompts reflex withdrawal to 
prevent or limit tissue damage. Next, the affec-
tive-motivational dimension is associated with 
those emotions related to pain. This dimension 
engages behaviors related to escape and recupera-
tion. Last, the cognitive–evaluative dimension 
considers the consequences and meanings of a 
noxious stimulus. Together, these dimensions 
interact with one another and influence the 
experience of pain and pain-related behavior.
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Manual therapy (MT) is a passive, skilled movement applied by clinicians that directly or 
indirectly targets a variety of anatomical structures or systems, which is utilized with the 
intent to create beneficial changes in some aspect of the patient pain experience. Collectively, 
the process of MT is grounded on clinical reasoning to enhance patient management for 
musculoskeletal pain by influencing factors from a multidimensional perspective that 
have potential to positively impact clinical outcomes. The influence of biomechanical, 
neurophysiological, psychological and nonspecific patient factors as treatment mediators 
and/or moderators provides additional information related to the process and potential 
mechanisms by which MT may be effective. As healthcare delivery advances toward 
personalized approaches there is a crucial need to advance our understanding of the 
underlying mechanisms associated with MT effectiveness.
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In the last 20 years, there has been an evolution 
of our knowledge about pain. We have evolved 
from a model wherein pain and nociception were 
considered synonymous to a new more complex 
but also more attractive view whereby pain is 
always a brain response in which nociception 
plays a variable role [6]. Notably, this pain expe-
rience involves the CNS. We modify the adage 
‘no brain, no pain’ to be ‘no brain, no pain expe-
rience’ for without the cortex the experience 
cannot occur.

Clinical anecdotes and innumerable patient 
stories support the effectiveness of MT in treat-
ing a great variety of musculoskeletal conditions. 
MT is cost effective in comparison to other com-
monly provided interventions  [7] and is rarely 
associated with serious complications [8]. In fact, 
MT has a similar risk profile for adverse events 
as exercise and a smaller risk profile than most 
medications [9]. MT is also a commonly sought 
treatment, and its use in USA has been fairly sta-
ble from 1999 to 2012; for example, in the most 
recent survey 8.4% of the general population used 
joint-based manipulations and 6.9% used mas-
sage within the last year. In addition, our work 
and that of others, suggests that patients with pain 
have both high expectations for benefit from MT.

Studies have been performed in several dif-
ferent musculoskeletal disorders; for example, 
low back pain [10], shoulder pain [11] and cervi-
cal pain [12]. These studies of MT have mainly 
focused on providing direct evidence supporting 
its clinical effects [13] with the primary outcome 
being reduction in both pain at rest and pain 
with activity. Thus, the most studied aspects of 
MT suggest a change in the sensory discriminate 
domain of the pain experience; that is, MT pro-
duces a reduction in pain intensity and unpleas-
antness in the pain experience and ultimately 
improved clinical outcomes. But how does this 
occur?

The mechanisms underpinning clinical out-
comes associated with MT are not yet well estab-
lished to date. Understanding the mechanisms of 
action is essential prior to identifying and select-
ing appropriate patients to receive MT; that is, 
those who will respond favorably. The identifica-
tion of mechanisms of action would likely also 
provide greater acceptance of MT techniques 
and more appropriate use of MT by healthcare 
providers  [14]. In this paper, we consider medi-
ating and moderating factors that influence the 
outcomes from MT. These are summarized in 
Figure 1.

Mediating factors are those aspects of an 
intervention that are a component of the mech-
anism through which the intervention impacts 
the outcome. As such treatment effect mediators 
are measured during treatment to determine if 
changes in the mediating variable in question 
impact a particular outcome. Once identified, 
mediating variables are capable of providing 
additional information related to the process and 
potential mechanisms by which an intervention 
may be effective (or ineffective) [15]. In addition, 
treatment aimed at influencing a mediating 
variable (assuming it can be modified through 
direct treatment) may be used to improve the 
effectiveness of other interventions (e.g., MT).

The mediating mechanisms of MT likely 
combine biomechanical and neurophysiological 
effects  [16]. The mechanical stimulus provided 
by the MT and the series of neurophysiological 
effects initiated, in conjunction with the context 
or manner in which it is provided, are responsible 
for the clinical outcomes observed.

Mediating factors for effectiveness of MT
●● Biomechanical mediators

Historically many MT approaches have been 
based on an identification of biomechanical 
dysfunction and interventions applied using 
biomechanical principles to correct the noted 
dysfunction. Accordingly, evaluation techniques 
are used to determine the tissue dysfunction 
responsible for the patient’s pain according to 
these approaches. The subsequent selection of 
technique usually depends on the therapist’s pre-
vious training or own preferences and overall 
conception of practice [17]. This need to choose 
a particular technique is often reinforced by MT 
educators, emphasizing that a mistake in choos-
ing the ‘right’ technique (e.g.,  in terms of the 
degree of force, direction and segmental level, 
among others), can result in poor clinical out-
comes and even be potentially harmful to the 
patient. The implication behind this kind of 
approach is that the success of the MT depends 
on the correction of biomechanical abnor-
malities detected during clinical examination 
in accordance with theoretical biomechanical 
constructs. The ‘conditions’ affected by MT also 
have been/are couched in such terms. Perhaps 
some of the best-known conceptual models are 
the ‘vertebral subluxation’ model [18], ‘stiffness’ 
on passive movement [19], the intervertebral disc 
pathology hypothesis [20] and ‘trigger points’ in 
muscle. Additionally, specific conceptual models 
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Figure 1. Moderators and mediators of the pain experience resulting from manual therapy 
interventions.
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explain the mechanism of action of MT in bio-
mechanical terms. For instance, terms such as 
‘rupture of joint adhesions’, ‘tissue lubrication’, 
‘correction of subluxation’, ‘reduction (disc 
reduction)’ or ‘adjustment’ are used to explain 
the action of MT on joints, muscles, nerves or 
connective tissues.

However, as we report below, many of these 
conceptual biomechanical theories have not 

been supported empirically. It is very true that 
in humans MT is capable of causing movement 
of or stresses within the structures to which it 
is applied. These movements have been quanti-
fied for treatments targeting the joint [21] mus-
cle or nerve  [22]. In the studies of joint-biased 
techniques considerable motion and force are 
imparted on tissues  [23]. During manipulation 
(a high velocity, small amplitude technique 
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targeting a joint) of the spine, for example, these 
forces range from 200 to 800 N and approxi-
mately 6 mm of posterior to anterior translation 
of the vertebral segment occurs [24]. During tech-
niques purported to primarily target the neu-
rovascular structures there may be as much as 
16 mm of excursion in the median nerve during 
some techniques [22]. Structural changes in tis-
sues are also reported after select interventions. 
For example, report increased fluid uptake in 
the intervertebral disc is associated with clinical 
pain relief after joint-biased interventions to the 
lumbar spine [25] and, in a feline model, changes 
in spinal stiffness were dependent upon the spe-
cific location of a joint biased MT intervention 
provided to the spine [26].

Techniques that primarily target muscles and 
other soft tissues, such as massage, use mechani-
cal pressure. This pressure is hypothesized 
to increase tissue extensibility with resulting 
increases in joint motion. Pressure to the tis-
sues might also help to increase blood flow [27]. 
Few studies have examined changes in human 
connective tissues after muscle and connective 
tissue-biased techniques.

However, several limitations to using bio-
mechanical effects as the sole explanation for 
mechanisms of effective pain relief have been 
reported. The reliability of some biomechani-
cal assessments (e.g., palpation of anatomical 
references, evaluation of intersegmental spinal 
mobility) used during MT assessment and often 
the planning the subsequent intervention have 
been questioned [28]. Positional changes reported 
after joint-biased techniques do not last beyond 
the intervention [21,29]. Further, studies indicate 
less precision and accuracy than expected by the 
practitioner  [30,31] with forces being dissipated 
over a large area [30] and movement effects meas-
ured at sites distant to the area of ‘focus’ for the 
intervention [30]. For example, spinal mobiliza-
tion of the third lumbar vertebrae causes seg-
mental effects at the first lumbar vertebrae  [31] 
and effects of spinal manipulation may occur 
14 cm away from the site of the application.

The forces used by practitioners also vary 
considerably with a systematic review of these 
studies indicating poor to moderate interpracti-
tioner application of force (intraclass correlation 
[ICC]: -0.04–0.70) but good reliability (ICC: 
0.75–0.99) for intrapractitioner application [32]. 
This is coupled with the findings that the use 
of MT to randomly chosen areas other than 
the area of dysfunction  [33,34], render similar 

results as interventions targeting specific dys-
function. Furthermore, therapeutic effects can 
occur in remote locations relative to the site of 
treatment [35].

Therefore, while MT produces definite, meas-
urable biomechanical effects, these do not com-
pletely explain pain relief observed after apply-
ing MT. Despite the limitations of a strictly 
biomechanical explanation, MT is effective, so 
additional mechanisms need to be considered.

Studies have established that the param-
eters of mechanical stimulus generated by MT 
appear to have some relationship with subse-
quent neurophysiological effects – that is, dose-
dependent neurophysiological response. For 
example, the magnitude of the manual pressure 
applied affects the degree of analgesia during 
active movement [36], and changes the electro-
myographic response in the lumbar paraspinal 
muscles [21,36] during spinal manipulation; that 
is, increasing electromyographic response during 
manipulation with increasing force and impulse.

●● Neurophysiological mediators
MT can affect the interaction between inflam-
matory mediators and peripheral nociceptors that 
occurs after tissue injury by modifying the con-
centration of mediator substances of inflamma-
tion and pain. Teodorczyk-Injeyan, Injeyan et al. 
2006 [37], for example, identified a 20% reduc-
tion in cytokine concentration (e.g., TNF-α 
and IL-1β) that persisted 2 h after joint-biased 
interventions. Small but statistically signifi-
cant increases in serotonin and β-endorphins 
occur 5 min after spinal manipulation [38] and 
a 168% increase in endogenous cannabinoids 
was noted immediately post manipulation [39]. 
These endogenous hormones are essential to 
endogenous pain relief mechanisms.

MT appears to also modify the state of spi-
nal excitability as indicated by immediately 
decreased nociceptive flexion reflexes  [40] and 
reduced temporal sensory summation  [10,41], 
representing a combination of reduced facili-
tation and increased inhibition of nociceptive 
input in the CNS. Systematic reviews also indi-
cate reductions in pressure pain thresholds in 
response to both joint and muscle/connective 
tissue biased MT  [35,42]. The clinical ramifica-
tions of these short-term changes are not entirely 
clear, however, provide preliminary support 
for neurophysiological effects associated with 
MT. Changes in motor function have been 
also reported following the application of MT. 
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Suppression of motor neuron pool activity [43,44], 
decreases in resting activity in muscle  [45] and 
reduced motor responses are all reported 
effects [46].

Going above the spinal cord, animal and 
human imaging results lend some support 
toward a supraspinal effect. MT appears to have 
an immediate effect on cortical regions that inte-
grate sensory inputs with higher cognitive and 
emotional regions. In the animal imaging stud-
ies, findings indicate decreased cortical activity 
in response to noxious stimuli following manual 
joint mobilization  [47]. Recently, supraspinal 
effects were investigated in humans using spi-
nal manipulation [48] – a joint-biased technique. 
Immediately after applying spinal manipulation 
a reduction in cerebral activity was observed in 
areas associated with the pain processing. In 
addition, there was a significant correlation 
between reduced activation in the insular cor-
tex and decreased subjective pain ratings on the 
numeric pain rating scale. This study provides 
preliminary evidence of supraspinal mechanisms 
mediating hypoalgesia achieved with thoracic 
thrust manipulation [48].

Another study used functional magnetic 
resonance imaging to investigate the immedi-
ate changes in functional connectivity between 
brain regions that process and modulate the pain 
experience following different types of MT tech-
niques (spinal manipulation, spinal mobilization 
and therapeutic touch) [49]. Each MT technique 
resulted in an immediate reduction in clinical 
pain reports. Changes in resting-state functional 
connectivity were found between several brain 
regions that were common to all three MT 
interventions. This finding also suggests specific 
mechanical parameters may not be as impor-
tant and that a shared mechanism common to 
varying MT techniques exists that may be an 
underlying mechanism of pain relief.

The involvement of supraspinal systems in 
mediating the treatment effects of MT has been 
corroborated through the observation of concur-
rent hypoalgesia (reduction in pain in response 
to a standard stimulus) and excitation of the 
sympathetic nervous system in relation with 
the application of MT techniques [50]; for exam-
ple, changes in heart rate, blood pressure, skin 
conductance or skin blood flow  [51]. Decreases 
heart rate variability  [52], salivary amylase  [53] 
and salivary cortisol and insulin levels  [52] are 
also noted after MT. These changes are similar 
to those observed in animals upon the artificial 

stimulation of higher centers responsible for 
descending pain modulation such as the PGA 
or RVM [54]. Additionally, hypoalgesia through 
the application of MT is obtained both locally 
and remotely from the site of application of the 
stimulus [35] and the duration of the hypoalgesia 
achieved with MT may last up to 24 h [54].

Persistent pain may also be a product of a 
‘pain memory’. By way of example, consider 
a patient with chronic musculoskeletal pain. 
Even though the original pathology has likely 
healed, the patient is continuing to complain 
of pain and show indications of ongoing altered 
(protective) movements and perhaps even avoid-
ance. Zusman [55] proposes that MT may assist 
in the acquisition of a new painless memory by 
exposure to new and less threatening stimuli, 
thereby removing aversive memories previously 
associated with that stimulus. Therefore, MT 
acts through the CNS to desensitize itself, both 
physically (e.g.,  exposure to nonthreatening 
mechanical stimuli), and cognitive–emotionally 
(e.g.,  through patient education), helping to 
remove acquired aversive memories of pain. 
These concepts have been recently extrapolated 
to exercise therapy for chronic musculoskeletal 
pain [56].

To the best of our knowledge, studies that 
evaluate psychological factors as treatment medi-
ators for MT interventions are lacking which 
presents an opportunity for future research. 
Evaluating the influence of baseline variables 
are more appropriate for identifying prognostic 
factors (through single arm study designs) or 
treatment effect modifiers (through randomized 
clinical trials) and not for treatment mediators 
which require evaluation of ‘changes’ in the vari-
able of interest during or as a consequence of 
treatment [57].

Collectively, this body of literature suggests the 
biomechanical stimulus provided by a MT inter-
vention results in neurophysiological responses 
with relevance to the sensory discriminative, 
affective-motivational, and cognitive–evaluative 
dimensions of the pain experience.

Moderating for effectiveness of MT
Many of the physiological changes identified 
after MT may also be initiated by treatment 
modifiers. A treatment effect modifier is a fac-
tor that results in a greater treatment effect in 
one group compared with another and is best 
identified through randomized controlled tri-
als. Identification of treatment effect moderators 
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provides information about which patients and 
under which conditions a particular treatment 
is most effective [15]. The mechanisms of action 
underpinning these moderating factors are simi-
lar and overlap supraspinal regions mediating 
MT pain relief. Synergistic effects through these 
common pathways may underlie individual 
variations in the magnitude of clinical response.

The mechanical stimulus and resultant neuro-
physiological effects are modified by nonspecific 
factors such as expectation of the patient [58,59], 
equipoise of the practitioner  [60,61], placebo 
effects [62], contextual factors such as the setting 
and therapeutic alliance between provider and 
patient [63]. All of these factors can be decisive 
in treatment outcomes. These effects are patient-
dependent, therapist-dependent, mediated by 
the context of the intervention and obviously 
by the clinical condition and are an integral to 
all complex interventions such as MT to the 
extent they may be considered constituent parts 
of the treatment approach rather than a separate 
entity [3]. These effects are not unique to MT but 
discussion of them is pertinent to understanding 
the effects of MT on the pain experience.

Patient-related issues include patient expecta-
tions, especially if they have had previous posi-
tive experiences with the treatment received. 
The patient’s expectations on a given kind of 
manual intervention may be more decisive in 
the therapeutic result than the actual manual 
intervention applied [59]. Therefore, it is essential 
to consider the patient’s expectations and pref-
erences when choosing the patient’s MT treat-
ment. The effectiveness of MT maybe enhanced 
when, based on the evidence of the effective-
ness of that treatment, patient expectation is 
increased in view of the possibility of a positive 
response to treatment. Alternatively, outcomes 
may worsen based on the interaction of patient 
and therapist.

Findings from single arm studies provide 
conflicting results for relationships between 
pre-intervention psychological factors and short-
term clinical outcomes following MT joint based 
techniques  [64–66]. Findings from randomized 
clinical trials also provide conflicting results 
for this relationship. For example, Lopez-
Lopez et al. [12] reported statistical interactions 
between pre-intervention trait anxiety and dif-
ferent MT techniques, such low and high levels 
of anxiety were associated with varying levels of 
clinical outcome based on the MT technique 
received. A secondary analysis of the UK BEAM 

dataset [67] did not however find any statistical 
interactions when evaluating for similar relation-
ships with pre-intervention back pain beliefs and 
treatment response.

A previous review study indicated some 
evidence that spinal manipulation improved 
psychological outcomes compared with verbal 
interventions  [68]. In that study, the authors 
provided a unique perspective on the influence 
that psychological factors may have on a patient’s 
pain experience and the difficulty in evaluat-
ing treatment effectiveness associated with MT 
interventions. For example, the changes in psy-
chological factors that may (or may not) occur 
in response to administering MT interventions 
‘are not just incidental effects, but contribute 
to its characteristic treatment effect by reducing 
distressing symptoms such as pain and fear’ [68].

As we come to understand more regarding the 
factors that produce clinical benefit from specific 
MT interventions the likelihood of improved 
clinical measures increases. Identifying under-
lying mechanisms by which MT relieves pain 
(treatment mediators) will improve the clinical 
effectiveness of this approach by determining the 
clinical presentation of individuals likely to ben-
efit from the established mechanisms and will 
increase both acceptability and utilization by 
patients and healthcare providers. In addition, 
if we can identify other mediators that are capa-
ble of being addressed through direct treatment 
(e.g., psychological factors), clinicians should 
consider supplementing MT interventions with 
other treatment approaches to increase the likeli-
hood of achieving the most optimal MT clini-
cal outcomes. The recognition of patient and 
therapist characteristics that modify treatment 
outcomes will also improve the application and 
implementation of MT approaches to the man-
agement of the pain experience by determining 
the psychological profile of individuals likely to 
benefit from these interventions and the best 
context in which to provide these interventions 
(Figure 1).

Future perspective
MT is an effective treatment contributing to the 
recovery of functional capabilities, but it should 
be included within a multimodal approach tar-
geting the functional recovery of the patient. 
Current evidence is suggesting that a multimodal 
approach, including MT, exercise and education, 
seems to provide better outcomes than MT 
alone. A genuine multimodal approach should 
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include not only physical management but a con-
sideration of the psychological and psychosocial 
aspects of the patient’s unique pain experience.

As we continue to uncover more about the 
management of pain conditions using MT, espe-
cially chronic pain, it becomes more noticeable 
that they appear to resemble a mosaic of pheno-
types that may be further influenced by genetic 
factors related to peripheral and central neu-
ral plasticity (e.g., polymorphisms in BDNF), 
nociceptive processing (COMT variations) 
and/or environmental events and exposures. 
Moving forward, investigations will continue 
to uncover biomarkers that underlie the com-
plex pathophysiology of pain conditions and 
the transition of acute to chronic pain states. As 
healthcare moves toward mechanism-based per-
sonalized treatments, it will become ever more 
important to understand the extent to which 
MT influences these underlying mechanisms. 

In addition, studies of MT must link the many 
immediate changes in neurophysiological func-
tion (e.g., changes in sympathetic nervous sys-
tem function and the endogenous pain inhibi-
tory systems, among others) more closely to the 
clinical complaints of our patients.
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