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Introduction

Since the beginning of the last decade, numerous stud-
ies have explored the brain mechanisms of both acute
and chronic pain. Advances in noninvasive brain imag-
ing combined with novel methods to induce pain
have provided the substrate for this rapidly growing
field of research. It is now well accepted that the pain
experience is the final product of activity in distrib-
uted networks consisting of multiple cortical and sub-
cortical areas. Brain regions contributing to processing
of the different aspects (sensory/discriminative, affec-
tive/motivational, cognitive/attentive, motor) of the
pain experience as well as to allodynia and hyperalge-
sia have been mapped in humans. However, due to
the complex nature of the pain experience, a single
cerebral representation of pain does not exist. Instead,
pain depends on the context in which it is experienced
and is generated through variable expression of the
different aspects of pain in conjunction with modula-
tory influences.

While considerable data have been generated about
the supraspinal organization of cutaneous pain, little
is known about how nociceptive information from mus-
culoskeletal tissue is processed in the brain. This is in
spite of the fact that pain from musculoskeletal tissue
is much more frequently encountered in clinical prac-
tice. Further, treatment of pain from deep tissue poses
a bigger challenge than superficial cutaneous pain.
The existing treatments are often insufficient and the
extent to which patients are affected is much more
severe.1

This review outlines the current knowledge on brain
mechanisms of muscle pain in humans and how it dif-
fers from cutaneous pain processing. A short overview
is provided of the physiology of muscular nociception
and clinical muscle pain. The methods of induction
and psychophysical assessment of experimental human
muscle pain are then considered. These sections form
the essential prerequisites for understanding brain
imaging studies on human muscle pain. In this review,
only studies based on functional magnetic resonance
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imaging (fMRI) and cerebral blood flow positron
emission tomography (PET) will be discussed.

Characteristics of Acute and Chronic
Muscle Pain

Acute muscle pain
Acute muscle pain is characterized by activation of
muscle nociceptors in the periphery under normal con-
ditions and results in a sensation of pain that is closely
related to the duration of the noxious stimulus. Dif-
ferences are known to exist between acute pain from
cutaneous and muscular tissue systems in both psy-
chophysical responses as well as in physiological char-
acteristics. This is for example clear when comparing
sensory manifestations. Pain from muscles is perceived
as diffuse, nagging and cramp-like and is often also
referred to other somatic structures distant from the
site of origin. In contrast, cutaneous pain is perceived
as sharp and burning and is well localized. Also, cuta-
neous pain is rarely referred to other sites.2 The 
2 tissue systems may also differ in pain sensitivity to
the same stimuli and in their response to analgesic
substances.2,3 These differences can partially be ex-
plained by different peripheral and spinal mechanisms
such as fiber and sensory receptor distribution and
spinal projection sites.

Chronic muscle pain
The transition from acute to chronic pain involves func-
tional and morphologic changes in the peripheral and
central nervous system and is accompanied by release

of sensitizing agents. Chronic muscle pain may develop
from tissue damage provoked by, for example, trauma,
ischemic contractions or inflammation. It is charac-
terized by spontaneous ongoing pain, lowered pain
threshold turning non-nociceptive input into pain (allo-
dynia), and enhanced pain sensitivity (hyperalgesia).
However, chronic muscle pain conditions are often
also associated with evolving motor dysfunction such
as muscle stiffness, muscle weakness, and restricted
range of motion.4

Chronic muscle pain conditions frequently seen in
the clinic include myofascial pain syndrome, tension
type headache, low back pain, and temporomandibular
disorder. These conditions are accompanied by struc-
tural changes in the muscle often leading to the for-
mation of focal allodynic/hyperalgesic contractures
termed myofascial trigger points (MTPs) (Figure 1).
MTPs are thought to arise from trauma, overload or
strain resulting in local ischemia and increased metab-
olism.4 However, the exact pathophysiologic mech-
anism remains a matter of debate. Since acute and
chronic stress often result in increased muscle tone,
stress may not only serve as an initiating cause but
also as a pain exacerbating factor.5 Pain from MTPs is
often also referred to distant regions, albeit in charac-
teristic patterns. Since MTPs can remain undetected,
pain referral can be a cause of confusion in diagnosis.4

Peripheral and central mechanisms
Muscle nociceptors are un-encapsulated “free” nerve
endings formed by thin myelinated (group III/A�)
and unmyelinated (group IV/C) afferent fibers. A large
proportion of these fibers are polymodal, responding
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Figure 1. Hyperalgesia in patients with myofascial pain syndrome is demonstrated by: (A) lower pressure pain threshold; and (B) a left-
ward shift in stimulus-response function for intramuscular electrostimulation. Stimuli are applied to a myofascial trigger point in the
upper trapezius muscle in patients (PTS, squares) and in an equivalent site in healthy controls (CTR, triangles). Modified with permis-
sion from Reference 18.



to chemical, mechanical and thermal stimulation.6

Overall, the majority of sensory fibers from muscle
nerves consist of unmyelinated afferent fibers.7 Pulses
from muscle nociceptors are transmitted past the sen-
sory nerve bodies in the dorsal root ganglion into the
spinal cord where they are integrated and modulated
by interneurons before being transmitted to brain
centers or onto reflex pathways. Some differences exist
at the spinal cord level between nociceptive input from
superficial and deep tissue. Projections from cutaneous
nociceptors mainly terminate in lamina I and II in the
spinal cord and projections from muscle nociceptors
mainly terminate in lamina I and V. 8–12 Also, nocicep-
tive input from superficial and deep tissue is known to
influence spinal reflex pathways differently.13–15

Muscle nociceptors can be sensitized by muscle
lesions, resulting in hyperexcitability of the receptors
and spontaneous resting activity (peripheral sensitiza-
tion). Prolonged input from muscle nociceptors leads
to hyperexcitability of spinal neurons (central sensiti-
zation). In clinical muscle pain, peripheral and central
sensitization acts together to induce spontaneous pain,
allodynia, hyperalgesia, and referred pain. With further
pain chronification, complex changes occur that may
include extrasegmental expansion of receptive fields,
synthesis of ion channel proteins, sprouting of spinal
terminals of afferent fibers, formation of new synaptic
contacts, and altered balance in descending influ-
ences. Once developed, central sensitization becomes
independent of input from the lesioned muscle.

Induction of Experimental Muscle Pain

Several methods exist to experimentally induce muscle
pain. These methods can be endogenous (ischemia or
exercise) or exogenous (electrical, mechanical or chem-
ical) and may result in phasic and/or tonic pain sensa-
tions.16,17 Phasic muscle pain can be evoked by pressure
to the muscle and electrical stimulation applied within
the muscle or directly to the muscle afferents.18–21 Tonic
muscle pain can be evoked by pressure to the muscle,
by ischemia and exercise, via fast repetitive electrical
stimuli (∼20 Hz), as well as by injection of chemical
substances such as hypertonic saline (5%), capsaicin,
bradykinin, and glutamate.2,22–24 Electrical stimulation
and hypertonic saline have been used in conjunction
with fMRI and PET in several muscle pain studies.

Electrical stimulation is a nonspecific method that
activates the nerve fiber directly. At low stimulus in-
tensities, electrical stimulation activates the large nerve
fibers. At increasing intensities, nerve fibers of decreas-
ing diameter are activated. Consequently, at the high

intensities needed to evoke pain, additional responses
from a wide range of fibers, other than the smaller
nociceptive fibers, will also be evoked. In addition, mus-
cle twitches and possible limb movement will accom-
pany the stimulation.

When applied within the muscle, hypertonic saline
induces long-lasting cramp-like diffuse pain that closely
mimics the chronic pain observed in patients. Apart
from pain in the primary region, sensory manifestations
such as referred pain, superficial mechanical hyper-
esthesia and autonomic reactions also occur.22,25 The
exact receptor transduction mechanism for hypertonic
saline remains unknown. However, it is known to
excite group III and IV afferent fibers and within the
latter group, both low- and high-threshold mechano-
sensitive units are excited.17 On the one hand, electri-
cal stimuli allow for precise control of many stimulus
parameters. On the other hand, it can be argued that
since electrical stimuli do not constitute an adequate
stimulus for the tissue, other methods such as injec-
tion of algogenic substances would be more closely
related to clinical pain.

Psychophysical Assessment

In human pain research, psychophysics is considered an
important tool for assessment of the multidimen-
sional subjective pain experience. Within brain imaging,
it provides an additional powerful tool for functional
characterization of specific brain regions through cor-
relational approaches. Psychophysical methods com-
monly applied in this field of research include visual
analog scales, discrete numerical rating scales, verbal
descriptor scales, and pain questionnaires. Scales can
be used to quantify sensory attributes of a stimulus or
a state. However, some scales are limited by not hav-
ing all the properties of the number system.

Of the multiple pain dimensions and aspects, pain
intensity and pain unpleasantness have predominantly
been assessed. Pain intensity is characterized by words
such as mild, moderate and strong and is considered
part of the sensory-discriminative dimension of pain,
which also encompasses other characteristics such as
quality, duration and location. Pain unpleasantness is
considered part of the affective dimension of pain and
is characterized by words such as annoying, distressing
and uncomfortable. The 2 pain dimensions are closely
related to each other and the scores on a numeric rat-
ing scale are typically highly correlated. However, un-
pleasantness is not unique to the pain experience. In
fact, it has been shown that separate manipulation of
the 2 pain dimensions is possible.26
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Classical psychophysical methods can be used to
measure pain thresholds, pain tolerance and stimulus-
response functions. Threshold values can be determined
by the Method of Constant Stimuli, the Method of Limits,
or the Method of Adjustment. The most frequently used
technique for determining pain thresholds is the Method
of Limits in which the stimulus intensity is manipulated
in either ascending or descending series.

Functional Imaging of Brain
Hemodynamics

Hemodynamic imaging techniques are based on the
principle that regional cerebral blood flow (rCBF) is
redistributed to regions with neuronal activation. Re-
gional increase in rCBF is closely related to an increase
in the concentration of oxygenated blood. By injection
of radioactive oxygen-15 labeled water (H2

15O), PET
can measure changes in rCBF directly. fMRI is typi-
cally based on the blood oxygenation level dependent
(BOLD) technique. Both H2

15O-PET and BOLD
fMRI have been used extensively to explore the cere-
bral processing of cutaneous pain. Phasic stimuli are
by far the most commonly applied type of stimuli used
to induce acute cutaneous pain in imaging studies.
The brain regions that most consistently respond include
the thalamus, primary and secondary somatosensory
areas (SI and SII), inferior parietal lobule (IPL), poste-
rior, middle and anterior portions of insular and cingu-
late cortices, and medial and lateral prefrontal cortices
(Figure 2).27,28 Other less frequently observed brain

regions include the cerebellum, basal ganglia and sup-
plementary motor area (SMA). Patterns of functional
activity are often interpreted as contributing to the gen-
eration of a specific aspect of the pain experience. Acti-
vation of the lateral portion of the thalamus, SI, SII,
IPL, and posterior insula are mainly associated with the
sensory-discriminative component of pain which include
encoding of stimulus properties (intensity, localization,
duration, and spatial and temporal discrimination).
The medial portion of the thalamus, anterior insula
and anterior cingulate cortex (ACC) are thought to
subserve affective-motivational processing, and the
prefrontal regions are thought to be involved in top-
down modulatory processing including planning and
cognitive mechanisms. Finally, the cerebellum, basal
ganglia, SMA, and cingulate motor area (CMA) pos-
sibly subserve motor-related behavior such as planning
and execution of motor-defensive strategies. Since spe-
cific brain regions may participate in the processing 
of several different aspects of the pain experience, the
division into pain components may be regarded as too
simplistic. Nonetheless, this approach does provide a
useful framework to guide functional interpretations.

Tonic muscle pain and rCBF PET
Only a limited number of imaging studies have inves-
tigated pain originating from the muscle. Of these, the
majority has been concerned with tonic pain induced
by intramuscular injection of hypertonic saline. Other
studies have used intramuscular electrostimulation
(IMES) to induce tonic or phasic pain. The first brain
imaging study investigating pain from muscles used

J Chin Med Assoc • June 2009 • Vol 72 • No 6288

D.M. Niddam, J.C. Hsieh

Z = −8 Z = 8 Z = 12 Z = 16 Z = 20 Z = 26 Z = 36 Z = 42 Z = 64

Figure 2. Blood oxygenation level dependent functional magnetic resonance imaging shows responses to non-painful intramuscular
electrostimulation (IMES; top row), painful IMES (middle row) and painful – non-painful IMES (bottom row). The Z-coordinate denotes the
axial section in the superior-inferior position relative to the commissural line (given in millimeters; positive = superior). Reproduced with
permission from Reference 40.



rCBF PET to compare tonic muscle pain, induced by
high-frequency (20 Hz) IMES, with cutaneous pain,
induced by phasic laser stimuli delivered to the skin
above the same muscle.29 Muscle pain resulted in in-
creased rCBF in SII/posterior insula, IPL, posterior
mid-cingulate (ACC/BA 24), and cerebellum. These
areas completely overlapped with regions engaged by
cutaneous pain. Thus, the authors concluded that a
similar set of brain regions mediate muscle and cuta-
neous pain.

More recently, Korotkov and colleagues induced
tonic pain by infusion of hypertonic saline and found
pain-related increased rCBF in the mid insula, putamen
and superior temporal gyrus (STG) and decreased activ-
ity in the IPL and middle frontal gyrus (BA9/10).30

In another study from the same group employing
similar methodology, activity associated with different
phases (pre pain, early pain, late pain, post pain) of
the tonic pain profile was explored.31 Compared with
the other conditions, increased activity was consis-
tently observed for the early acute pain phase in the
mid-posterior insula and STG. Increased pain-related
activity was also observed in the putamen and inferior
frontal gyrus when the early phase was compared to
the later phases. Decreased IPL activity was only ob-
served when the early phase was compared to the pre-
pain baseline. Also, decreased anterior mid-cingulate
(ACC/BA 24 and 32) activity was observed in the
late pain phase compared to initial pain or baseline.
Although pain from hypertonic saline is salient and
unpleasant, these results surprisingly did not involve
persistent increases in the limbic regions typically
found in pain processing.

Kupers et al32 employed methodology similar to
that in the studies of Korotkov et al30 and Thunberg
et al31 (hypertonic saline and rCBF PET) but found
different results. Changes in activity during muscle
pain were observed in a wide range of regions, some
of which differed from those responding to non-painful
cutaneous mechanical stimuli. Increased pain-specific
activity was found in the cerebellum, anterior insula,
posterior mid-cingulate (caudal CMA/BA 24), and
perigenual cingulate (ACC/BA 32). Decreased re-
sponses were found in the amygdala and subgenual
cingulate (ACC/BA 25). Nonspecific loci shared be-
tween pain and mechanical stimuli included the pos-
terior insula, IPL, dorsolateral prefrontal cortex, anterior
mid-cingulate (ACC/BA 32), and the brain stem. 
A nonspecific decrease in activity was found in the ret-
rosplenial posterior cingulate, which is possibly related
to default-state activity (also known as resting-state
activity). It is difficult to explain the differences between
the abovementioned studies that used hypertonic saline

to induce muscle pain. Variations in scanning onset rela-
tive to hypertonic saline injection onset may play a role.
Also, in the studies by Korotkov et al30 and Thunberg
et al,31 a visual task was performed concomitant with
muscle pain. Overall, Kupers et al’s findings are more
in line with known regions contributing to acute pain
processing. Common to all 3 studies is the absence 
of sensory-discriminative activity in the thalamus, SI
and SII during tonic muscle pain. Although this may
be speculated to be due to the tonic character of the
stimulus, activity in SI and SII have in fact been found
in BOLD fMRI studies of tonic pain (see below).

Tonic muscle pain and BOLD fMRI
A series of recent studies employed a novel analysis
approach to investigate BOLD fMRI responses to tonic
pain stimuli.33–36 Henderson et al compared responses
to tonic pain induced by subcutaneous and intramus-
cular infusion of hypertonic saline.33 They found
activity in the same cortical areas including somatosen-
sory, insular and cingulate cortices, albeit with some
regional differences in signal intensities and cluster
locations. Muscle pain but not cutaneous pain evoked
a signal intensity decrease in the perigenual cingulate
region and signal intensity increases in the primary
motor cortex, caudal CMA and anterior insular cor-
tex. In SI, more widespread activity was observed in
response to muscle pain. Furthermore, signal intensity
increases were observed in the anterior and posterior
portions of the mid-cingulate and insular cortex for
both cutaneous and muscle pain. These results were
largely confirmed in another study but with additional
increases in SII and cerebellum and decrease in lateral
prefrontal cortex during both tonic muscle and cuta-
neous pain induced in the forearm as well as in the
leg.34

Somatotopic organization of the body is necessary
for accurate localization of peripheral somatosensory
stimuli. Cortical somatotopy has previously been shown
to exist for cutaneous pain in SI and posterior insula.37

However, it is not clear from the previous literature if
somatotopic organization also exists for muscle pain.
In a recent study, tonic muscle pain induced in the
forearm and the leg resulted in similar somatotopy as
for tonic cutaneous pain in SI and posterior insula.34

Additionally, in anterior insula, a somatotopic repre-
sentation not only existed for both muscle and cuta-
neous pain but the muscle pain representation was also
located more rostral to that of the cutaneous pain.
Thus, anterior insula was suggested to subserve encod-
ing of pain (unpleasantness) location as well as pain
quality (muscle pain: cramping and dull; cutaneous
pain: sharp, pricking and hot).
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Muscle pain is perceived as less well-localized than
cutaneous pain and is often referred to distant regions
of the body. Since SI is known to encode stimulus
location and intensity, the more widespread SI activity
in response to muscle pain may underlie the perceived
spread of pain compared to the more focal cutaneous
pain.33 In Macefield et al’s study, a subgroup of subjects
exhibiting pain referral also exhibited a greater spread
of SI activation.36 In fact, a positive correlation
between peak signal intensity and pain area was observed
in a specific SI cluster that only appeared in the referred
pain group. Interestingly, this specific area corresponded
to the somatotopic representation in SI of the area on
the body to which pain was referred. Similar changes
were also observed in the anterior insula and cerebel-
lum and an inverse relationship was observed in the
perigenual cingulate. As mentioned above, somatotopic
organization was previously also observed in the ante-
rior insula for muscle pain and the region specifically
engaged during muscle pain may also be related to
pain referral.34

In summary, tonic muscle pain engages a set of brain
regions known to be involved in the processing of pain
from other tissue. Several of these regions are also
involved in the processing of non-painful stimuli. Finer
spatial analysis revealed subtle differences between
pain of muscular and cutaneous origin, albeit within the
same brain regions. Also, tonic muscle pain may more
effectively engage motor-related brain regions including
the MI and caudal CMA. The mid-posterior insula 
is consistently activated during tonic muscle pain.
This is in agreement with the posterior insula being
among the most frequently observed regions in brain
imaging of pain. Although it is a locus that is not
exclusively involved in pain processing, lesions encom-
passing the posterior insula may result in altered pain
perception and direct stimulation elicits painful sensa-
tions.38,39 The specific role of the posterior insula
remains to be established. Functionally, the posterior
insula relies on information related to pain intensity
and stimulus location and may be involved in inte-
grating aspects of pain and other somatosensory sen-
sations of different tissue origin. Several other issues
are worth mentioning. The activation of SI and SII in
the abovementioned fMRI studies and the absence of
these 2 regions in all the PET studies using hyper-
tonic saline injection emphasize differences between
the 2 imaging modalities, including better spatial and
temporal resolution of fMRI compared to PET. The
relatively large smoothing kernel used in many PET
studies makes it difficult to differentiate among the
insula, SII and STG. Another issue is the decreased
activity in ACC observed in many of the studies. This

was not located homogeneously across studies. Kupers
et al32 found decreased activity in the subgenual cingu-
late, Thunberg et al31 in the anterior mid-cingulate,
and Henderson et al33 in the perigenual cingulate. It
is unclear if these results represent the same mecha-
nism. Finally, it is worth mentioning that none of the
above studies found activity in the thalamus during
tonic pain.

Phasic muscle pain and BOLD fMRI
In a series of event-related fMRI studies, phasic mus-
cle pain was induced by IMES.18,40,41 Phasic muscle
pain resulted in a bilaterally distributed network cov-
ering the most commonly observed brain regions re-
sponding to pain (Figure 2). These regions included
the inferior, middle and medial frontal cortices, SI,
SII, IPL, STG, anterior, middle and posterior por-
tions of the cingulate and insula, basal ganglia, thala-
mus, and cerebellum.18,40 Furthermore, non-painful
IMES activated a subset of brain regions engaged by
painful IMES.40 Increases in stimulus intensity have
been shown to result in more bilateral engagement of
brain regions.42

In 2 recent studies, the central effects of hyperalge-
sia and therapeutic intervention was investigated in
patients with myofascial pain syndrome (MPS) using
painful IMES in conjunction with event-related
fMRI.18,41 MPS is characterized by local and referred
pain emanating from hyperalgesic MTPs. Pain evoked
from an MTP was compared to pain from an equivalent
site in controls induced by the same stimulus of cur-
rent magnitude as well as at the magnitude inducing
the same subjective pain intensity (Figure 1). Effects
associated with hyperalgesia were then revealed by com-
paring patients and controls at matched current mag-
nitudes while adaptive mechanisms were revealed by
comparing patients and controls at matched subjec-
tive pain intensity. Hyperalgesia in MPS patients was
associated with enhanced activity in regions involved
in sensory-discriminative (SI, SII, mid-insula, and IPL)
and affective (anterior insula) processing. A highly sig-
nificant decrease in activity was observed in the dorsal
hippocampus. At matched subjective pain intensity,
enhanced activity in the same sensory-discriminative
regions remained but no anterior insular activity was
found. The latter is possibly due to similar levels of pain
unpleasantness resulting from the matched pain inten-
sity. Enhanced sensory-discriminative processing is a
robust finding in hyperalgesia and allodynia of various
etiologies and is not specific to muscular hyperalgesia.
Although speculative, adaptive changes in these regions
may indicate longer lasting central changes. However,
peripheral and spinal influences cannot be ruled out
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from the results of this study alone. The meaning 
of suppressed hippocampal activity in patients with
MPS remains unknown. A similar result was found for
allodynia in patients with mononeuropathy and in
experimentally-induced allodynia by capsaicin.32,43 The
hippocampus is a limbic structure known to process
nociceptive-related information. Electrical stimulation
of the hippocampus can evoke both pro- and anti-
nociception.44,45 This dual role in analgesia and hyper-
algesia is in agreement with a key role in modulating
nociceptive responses under acute and chronic stress.5,46

During acute stress, the hippocampus inhibits brain
regions involved in generating the stress response.47,48

However, stress-related hormones may influence neu-
rotransmission within the hippocampus as well as
promote stress-related atrophy leading to impaired
function.49 Moreover, ongoing pain may also serve as
an emotional and physical stressor that further pro-
motes chronification.50 In this context, patients with
myofascial pain exhibit exaggerated stress responses in
the hypothalamus-pituitary-adrenocortical system.51

MPS is difficult to treat effectively on a long-term
basis. Several therapeutic interventions provide short-
term pain release. A relatively novel approach uses low-
intensity (above motor threshold) and low-frequency
(2 Hz) electrostimulation within the MTP. This method
results in immediate reduction in pain, and long-term
effects after periodic intervention include release of sar-
comere shortening and the associated ischemia result-
ing in lasting pain relief. Since the anti-nociceptive effect
of non-painful electroacupuncture and transcutaneous
electrical stimulation is, at least in part, mediated by
the endogenous opioid system, it has been hypothe-
sized that the short-term effects of low-intensity low-
frequency IMES within an MTP also engages the
opioid system as represented by activation of the peri-
aqueductal grey (PAG) matter in the brain stem.41

The PAG is a well-known key region in the central
pain modulating circuitry. As defined by the change
in pain threshold relative to intervention, patients
were divided into responders and non-responders to
intervention. Interestingly, responders engaged the
PAG and affect-regulating regions more effectively
than did non-responders during painful IMES to the
MTP. Also, the PAG activity was positively correlated
with increases in pain threshold across the whole
patient group. Thus, individual response to interven-
tion may depend on the capacity to engage the central
pain modulatory circuitry. Although several factors
were taken into account to avoid expectation of pain
relief, this study was not strictly placebo-controlled.
In a recent study, placebo analgesia was shown to be
mediated by the opioid system.52

Conclusions

Since many commonalities between brain processing
of cutaneous and muscle pain emerged from these stud-
ies, it is reasonable to argue that in the acute state, pain
of cutaneous and muscular origins is largely processed
in the same brain regions. However, within these
regions, finer spatial and temporal analyses revealed
subtle differences that may reflect differences at the
perceptual level. More substantial differences are likely
to be discovered from future work on chronic muscle
pain since different types of chronic pain may result in
different maladaptive plastic changes. In this respect,
chronic muscle pain is often associated with motor
dysfunction and stress, which are known to affect spe-
cific brain circuits. Suppressed hippocampal function
in patients with MPS may represent one such example.
More detailed longitudinal studies are needed to
monitor the progress of the chronicity process. At pres-
ent, it remains unknown as to whether or not central
changes are reversible and to what degree they con-
tribute to the generation of pain. It is important to
find answers to these questions as they may lead to
new neural targets for interventions. These targets do
not necessarily have to be directly involved in pain
processing per se since many types of chronic muscle
pain have a substantial motor component.
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