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Brain imaging studies have provided objective evidence of 
abnormal central regulation of pain in fibromyalgia (FM). 
Resting brain blood flow studies have reported mixed 
findings for several brain regions, whereas decreased tha-
lamic blood flow has been noted by several investigators. 
Studies examining the function of the nociceptive system 
in FM have reported augmented brain responses to both 
painful and non-painful stimuli that may be influenced 
by psychologic dispositions such as depressed mood and 
catastrophizing. Treatment approaches are beginning to 
demonstrate the potential for brain imaging to improve 
our understanding of pain-alleviating mechanisms. Data 
from other chronic conditions suggest that idiopathic 
pain may be maintained by similar central abnormalities 
as in FM, whereas chronic pain conditions with a known 
nociceptive source may not be. Future neuroimaging 
research in FM is clearly warranted and should continue 
to improve our understanding of factors involved in pain 
maintenance and symptom exacerbation.

Introduction
Functional neuroimaging methods such as single photon 
CT (SPECT), positron emission tomography (PET), and 
functional MRI (fMRI) are now at the forefront of under-
standing the psychobiological mechanisms underlying acute 
and chronic pain, including ill understood conditions such 
as fibromyalgia (FM). Studies of abnormal pain perception, 
exaggerated central responses to pain, sensory and affective 
contributions to pain, endogenous pain control, and treat-
ment effects on neural activity are beginning to elucidate 
potential mechanisms of chronic pain maintenance and 
hold promise for novel treatment approaches (Table 1).

FM is a severe chronic pain condition characterized 
by diffuse and widespread musculoskeletal pain, fatigue, 

sleep disturbance, and general joint stiffness. It is defined 
by pain lasting for at least 3 months, occurring in all four 
quadrants of the body (including axial skeletal sites), and  
by the presence of at least 11 of 18 tender points upon 
digital palpation [1]. The cause of FM is unknown, and 
the overall health of the patient tends to deteriorate over 
time [2]. Although the etiology of FM as a clinical dis-
order is still a mystery, there is mounting evidence that 
FM pain is produced and maintained by central nervous 
system dysregulation of nociceptive and pain processes. 
Central dysregulation or central sensitization may repre-
sent a cause or consequence of chronic pain, but the lack 
of prospective research limits the study of FM to deter-
mining potential mechanisms of symptom maintenance 
and exacerbation. Functional neuroimaging methods pro-
vide a window into the brain and should prove useful as 
tools for understanding the psychobiological complexities 
of chronically maintained pain conditions.

Evidence for Central Dysregulation of Pain 
Processing in FM
Psychophysical examination of responses to experimental 
pain stimuli has provided strong support for abnormal 
nociceptive processing in FM. Several different techniques 
have offered convergent evidence that increased pain sen-
sitivity to experimental pain stimuli in FM is the result 
of augmented nociceptive processing, and this may play 
a role in the maintenance of FM pain. Compared to con-
trols, FM patients have lower pain thresholds and report 
higher pain ratings in response to experimental pain 
stimuli including pressure, heat, cold, and electricity [3]. 
The heightened sensitivity occurs at both tender and non-
tender sites and appears to reflect the generalized nature 
of pain that is characteristic of FM [4,5].

More sophisticated experimental techniques have 
been used to determine the extent and potential location 
along the neural axis of abnormal nociceptive process-
ing. These experiments aimed at examining the function 
of the nociceptive system have shown that FM subjects 
exhibit the following:

A dysregulation of diffuse noxious inhibitory 
controls, suggesting a failure of the central nervous 
system to modulate afferent sensory information [6];
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Augmented wind-up and delayed after-sensations 
to repetitive pain stimuli, suggestive of increased 
sensitivity of wide dynamic range and nociceptive 
specific neurons within the dorsal horn of the 
spinal cord [7];

An absence of an exercise-induced analgesic 
response accompanied by hyperalgesia to painful 
stimuli and worsening of symptoms after physical 
exertion [8–10].

In addition, FM patients exhibit significantly 
increased substance P levels [11] and low cerebrospinal 
fluid levels of 5-hydroxyindole acetic acid, 3-methoxy- 
4-hydroxyphenethylene glycol, and homovanillic acid, the 
metabolites of serotonin, norepinephrine, and dopamine, 
respectively [12–14]. These biochemicals have established 
roles in pain processing, and abnormal spinal cord levels 
suggest that there may be increased nociceptive trans-
mission combined with decreased descending central 
regulation of sensory information in FM.

In summary, the results from these studies character-
ize FM pain sensitivity as a dysfunctional endogenous 
pain control system. However, an accepted limitation 
for most of the previous research examining nocicep-
tive processes in FM has been the reliance on self-report 
measures of pain. Although extremely useful and neces-
sary, the inherent biases that accompany such techniques 
cannot be overlooked. Objective evidence of abnormal 
central regulation in FM is needed to give a better under-
standing of the pathophysiologic processes that underlie 
FM pain, as well as provide physiologic support for the 
patient’s self-reported symptoms. Brain imaging methods 
such as SPECT, PET, and fMRI have emerged as powerful 
tools for understanding the complexity of the nociceptive 
system in humans. These techniques supply the means to 
objectively measure central nervous system responses at 
rest and in response to nociceptive stimuli, and can be 
used to test potential mechanisms of pain exacerbation in 
chronic pain conditions such as FM.

Potential of Functional Neuroimaging Methods 
to Understand Pathophysiology of Pain in FM
Functional neuroimaging of pain in healthy men  
and women
Studies using experimental pain stimuli (eg, noxious 
heat, noxious pressure, noxious chemicals, and electric-
ity) and using PET and fMRI techniques have identified 
many of the brain areas involved in processing nocicep-
tive signals in healthy people. The areas most consistently 
implicated in pain processing are the primary and sec-
ondary somatosensory cortices, dorsolateral and medial 
prefrontal cortices (DLPFC and MPFC), inferior parietal 
cortex (IPC), anterior cingulate cortex (ACC), supplemen-
tal motor cortex, insula, lentiform nucleus, thalamus, 
and cerebellum [15,16]. The distributed network of 
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pain-related areas is supportive of the multidimensional 
nature of the pain experience. Moreover, improvements in 
behavioral research designs give more specific information 
regarding the cognitive, sensory, and emotional processes 
that are intrinsic components of pain perception. Conse-
quently, brain areas including the primary and secondary 
somatosensory cortices, the posterior cingulate cortex, 
and lateral thalamus have been implicated in the sensory-
discriminative aspects of pain, whereas regions including 
the DLPFC, ACC, and insular cortices, caudate, and the 
midbrain periaqueductal gray (PAG) have been identified 
as important regions for affective, cognitive, and motiva-
tional aspects of the pain experience [15]. Thus, the host 
of identified regions is not unique to pain perception alone, 
but is certainly involved in a complex parallel system that 
is widely distributed and designed to identify, modulate, 
and cope with nociceptive information. Given the proper 
research design, functional brain imaging methods are 
capable of identifying networks within a system that may 
be dysfunctional in FM.

Functional neuroimaging in FM
Resting studies
Initial efforts to examine the role of central nervous 
system dysregulation in FM relied on PET and SPECT 
imaging technologies. These studies compared baseline 
or resting measures of brain activity (ie, regional cerebral 
blood flow [rCBF] or cerebral metabolism) between FM 
patients and healthy controls [17–23]. Investigators using 
rCBF as their primary dependent measure have uniformly 
reported differences in regard to this variable between 
patients and controls during resting scans. However, there 
is a lack of consensus on which brain regions exhibit the 
reported differences as well as whether differences are due 
to hyper- or hypoperfusion. Multiple investigations have 
detailed differences in cerebral blood flow between FM 
patients and controls for the thalamus [17,20,21], caudate 
nucleus [18,21], pontine tegmentum [17,20], and various 
frontal [17,19,21,22], parietal [17,18], and temporal cor-
tical regions [17,22]. It is not entirely surprising that so 
many diverse regions have been indicated in these studies 
because different researchers have chosen to focus on dif-
ferent regions of the brain. Conversely, the dissimilarity 
of results within a particular region is less easy to explain. 
For example, Mountz et al. [21], Kwiatek et al. [20], and 
Gur et al. [18] all elected to perform region-of-interest 
analyses for rCBF in the caudate nuclei as part of their 
comparisons of FM patients to controls. The design of 
each protocol was very similar (ie, resting SPECT scans 
of female patients and controls, blood flow expressed 
relative to the cerebellum), but their results were incon-
gruous. Mountz et al. [21] reported hypoperfusion of 
the heads of the caudate nuclei in FM patients relative 
to controls, Gur et al. [18] found hyperperfusion of the 
caudate nuclei for patients, and Kwiatek et al. [20] saw 
no difference between patients and controls in regard to 
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blood flow for this region. A more consistent pattern is 
observed for the thalamus. Mountz et al. [21] and Guedj 
et al. [17] both reported decreased rCBF for patients 
bilaterally in the thalamus, whereas Kwiatek et al. [20] 
reported decreased rCBF in the right thalamus. Despite 
the lack of complete agreement, it bears repeating that all 
of the aforementioned studies, regardless of the particular 
region of interest analyses, indicated some differences in 
resting cerebral blood flow between individuals suffering 
from FM and healthy controls. The known heterogeneity 
of the FM patient population is one potential explana-
tion for some of the inconsistent findings. Future research 
comparing subgroups of FM patients perhaps on variables 
such as comorbid illnesses (eg, depression, chronic fatigue 
syndrome), illness duration and severity (new-onset 
patients vs longer-term patients), or illness onset (sudden 
vs gradual) may help clarify the usefulness of resting brain 
blood flow in understanding pain in FM.

Brain responses to pain
In order to test the function of the nociceptive system in 
FM, investigators have begun to determine the neural 
responses to experimental pain stimuli. In the first study 
to use this approach, Gracely et al. [24] reported that 
fMRI brain responses to experimental pressure pain, set 
at either similar stimulus levels or similar subjective pain 
levels, were augmented in FM patients compared with 
controls. Regions of augmentation included the primary 
and secondary somatosensory cortices, inferior parietal 
lobe, ACC, anterior insula, superior temporal gyrus, and 
cerebellum. An absence of thalamic activity in the FM 
group, but not in controls, during painful pressure was 
also observed. These data supplied the first objective evi-
dence that physiologic processing of pain is altered in FM 
and demonstrated that augmented responses occurred 
over multiple networks involved in somatosensory inte-
gration, motor control, and cognitive-affective appraisal.

Work conducted in our laboratory extended upon 
these findings and demonstrated that, compared with 
healthy controls, FM patients exhibited augmented fMRI 
responses to non-painful and painful heat stimuli [25•]. 
Greater responses to both painful and non-painful stimuli 
were further objective support of augmented physiologic 
processing of sensory information in FM. The brain 
regions that showed the greatest differences between FM 
and controls were the anterior insula, pre-motor, PFC, 
and ACC. Furthermore, by using both a temperature 
equivalent stimulus (47° C for all participants) and a per-
ceptually equivalent stimulus (temperature rated as strong 
pain “5” by both groups) that was of an absolute greater 
intensity for the controls (48.5° C vs 47° C), we were able 
to clearly demonstrate augmented central processing of 
pain in FM. The greatest difference between FM patients 
and controls occurred in the anterior insula cortex. We 
also observed an absence of thalamic activity in FM 
during the non-painful warm condition. Finally, during 

the last non-painful warm condition we observed PAG 
activity for the control group, but not the FM group, sug-
gesting that the delivery of multiple painful stimuli failed 
to excite descending pain inhibitory processes in the FM 
group, whereas the pain regulatory system of the control 
subjects was actively attempting to inhibit further noci-
ceptive input. Our laboratory is currently pursuing these 
initial observations and closely examining PAG activity 
and other pain modulation networks in FM.

Recently, studies have begun to more specifically 
determine the influence of other relevant variables on pain 
sensitivity and brain responses to pain in FM patients. 
Gracely et al. [26•] reported that pain catastrophizing was 
related to multiple brain regions involved in the anticipa-
tion, attention, and motivational aspects of pain. After 
statistically controlling for depressive symptoms, pain 
catastrophizing was positively related to brain activity 
within the claustrum, cerebellum, DLPFC, MPFC, parietal 
cortex, ACC, and lentiform nuclei. Patients characterized 
as high catastrophizers were found to exhibit a greater 
magnitude of activity in the ipsilateral secondary somato-
sensory cortex and unique activity in the contralateral 
ACC and bilateral lentiform. Thus catastrophizing, with 
its influence on somatosensory and cognitive-emotional 
aspects of pain processing, can have widespread effects on 
how pain is perceived and coped with in FM. Work from 
the same group [27] demonstrated that self-reports of 
depressed mood in FM patients were significantly related 
to neural responses to slightly intense painful stimuli in 
the amygdala and contralateral anterior insular cortex. 
Depressed mood was not significantly related to sensory 
regions of the brain. Moreover, FM patients diagnosed 
with major depressive disorder exhibited greater activ-
ity within these same regions (amygdala and insula), 
compared with FM patients without depression or with 
healthy controls. The patients’ clinical reports of pain were 
found to be associated with two unique brain regions, the 
PFC and the ACC, and one common region, the anterior 
insula. These results suggest that depression in FM can 
impact the affective-motivational aspects of pain, while 
being independent of the sensory-discriminative aspects. 
Furthermore, the anterior insula, which is significantly 
associated with both depression and pain symptoms, 
may serve an important integrating role for sensory and 
emotional information and appears to be particularly 
important for pain processing in FM [25•,28•].

Treatment
The influence of treatment on functional neural responses 
in FM is an exciting and emerging field of investiga-
tion. Recent studies have used functional neuroimaging 
methods in creative ways to determine the influence of 
pharmacologic [29•,30] and electroconvulsive [31•] ther-
apies on brain responses and symptoms associated with 
chronic pain. Adigüzel et al. [29•] determined the impact 
of 3 months of amitriptyline therapy on pain symptoms 
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and self-reported level of depression in association with 
changes in cerebral blood flow in 14 female FM patients. 
Participants were scanned at rest before treatment and 
again after 3 months of daily amitriptyline therapy  
(10 mg/day for first 10 days; 25 mg/day thereafter). 
Pain symptoms were quantified by a visual analog scale 
(VAS) and tender point count pre- and post-treatment. 
Self-reported depression was measured with the Beck 
Depression Inventory (BDI). Statistically significant 
decreases in VAS ratings and tender point counts after ami-
triptyline treatment coincided with significant increases in 
hemithalamic and basal ganglia blood flow. Decreases in 
rCBF were also noted in bilateral temporal, left temporo-
occipital, and right occipital lobes at follow-up. For the 
group, BDI scores at baseline did not suggest significant 
depression and did not change after therapy. Although the 
changes in FM symptomology were considered to be of 
clinical significance, the investigators found no significant 
correlations between changes in pain symptom indicators 
and SPECT results.

Usui et al. [31•] completed a methodologically similar 
investigation designed to explore changes in cerebral blood 
flow and pain symptoms in nondepressed FM patients as 
a result of electroconvulsive therapy. Fifteen FM patients 
submitted to two resting SPECT scans. The first scan 
was conducted immediately before the commencement of 
electroconvulsive therapy, and the second scan took place  
3 days after the completion of the treatment course. 
Improvements in pain symptoms after therapy were indi-
cated by significant decreases in VAS ratings and tender 
point counts. Concomitant increases in rCBF were reported 
bilaterally in the thalamus. Parallel to the results of Adigü-
zel et al. [29•], BDI scores were not altered with treatment. 
Pain symptoms of FM, as measured by VAS, were still 
significantly reduced from baseline 3 months after the com-
pletion of electroconvulsive therapy. The authors concluded 
that electroconvulsive therapy had a significant impact on 
FM pain symptoms and that this reported symptom relief 
was associated with an increase in thalamic blood flow. 
The results of these investigations are exciting not only in 
regard to the successful use of two different therapeutic 
modalities to ease FM symptoms, but also in light of their 
demonstration of the usefulness of imaging technology to 
examine functional changes in the brain with treatment. 
Follow-up investigations are encouraged.

Functional Neuroimaging in Other Chronic 
Pain Conditions
An important aspect of studying FM is determin-
ing whether resting brain activity or abnormal brain 
responses to painful stimuli are unique to FM or are a 
general consequence of experiencing chronic pain. Func-
tional neuroimaging studies have been conducted on 
several chronic pain conditions such as chronic low back 
pain (CLBP), neuropathic pain (NP), irritable bowel 

syndrome (IBS), rheumatoid arthritis (RA), cancer, and 
atypical face pain (AFP; Table 2). These studies demon-
strate the resting and functional aspects of the brain in 
chronic pain patients and offer some interesting insights 
for FM research. For example, decreased rCBF in the 
thalamus has been observed in chronic pain conditions 
such as NP [32–34] and cancer pain [35]. Furthermore, 
thalamic stimulation has been shown to relieve chronic 
pain [36,37], and increases in thalamic blood flow have 
been observed after successful pain alleviation with a 
lidocaine nerve block in NP [32]. These results suggest 
that low rCBF in the thalamus is a general consequence of 
experiencing chronic pain and may represent an inability 
of the system to compensate for the constant barrage of 
incoming nociceptive signals.

Experimental pain stimulation studies have revealed 
both similarities and differences in the way that pain is pro-
cessed in select chronic conditions. Patients with IBS exhibit 
augmented pain responses similar to FM. In response to 
visceral stimulation, IBS patients generally exhibit signifi-
cantly greater responses in PFC, ACC, and amygdala and 
lower activity in the PAG, compared with healthy controls 
[38–40]. In addition, fMRI studies in IBS suggest abnormal 
endogenous pain control mechanisms in this patient group 
[41,42], similar to those suggested by behavioral studies in 
FM. It will be important to pursue similar methodologic 
approaches for future neuroimaging studies in FM.

Functional neuroimaging studies of patients with 
chronic pain from known peripheral origins such as RA 
and ulcerative colitis (UC; ie, inflammation) show that these 
patients exhibit characteristically different brain responses 
to experimental pain than those seen in FM patients. RA 
patients were found to have reduced cortical and subcor-
tical responses to experimental stimuli, compared with 
controls and patients with AFP [43]. Furthermore, IBS 
patients showed greater responses to rectal distention in 
the amygdala, hypothalamus, ACC, and MPFC, whereas 
controls and UC patients had significantly more robust 
activation of the lateral prefrontal areas and the PAG 
[40]. These findings suggest that there may be important 
differences between chronic pain resulting from known 
peripheral abnormalities (ie, RA and UC) and pain condi-
tions thought to be maintained by central nervous system 
abnormalities in sensory processing (ie, AFP and IBS).

Because imaging modalities such as SPECT and PET 
are limited as cross-sectional time-specific measures and 
fMRI studies represent relative changes from an unknown 
baseline, comparisons of brain responses across studies are 
problematic. Therefore, directly contrasting FM patients 
with other chronic pain conditions is important. Chang et 
al. [44] used PET to directly compare the neural responses 
during either rectal distention or pressure pain in IBS 
patients and IBS patients with comorbid FM (IBS + FM). 
Differences between the patient groups were limited to 
one region in the middle ACC. Specifically, patients with 
IBS + FM had greater neural responses in this region to 
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pressure pain, whereas those with IBS alone displayed 
greater responses to rectal distension.

Giesecke et al. [28•] directly compared patients suffer-
ing from idiopathic CLBP (ie, no identifiable abnormality) 
with patients with FM and with controls. Compared with 
controls, patients with CLBP were characterized by levels 
of hyperalgesia and augmented brain responses similar 
to those in patients with FM. Specifically, when an equal 
pressure stimulus of 2 kg (rated as moderately painful by 
CLBP and FM patients and as faint pain by controls) was 
applied to the thumbnails of the participants, both the 
CLBP and FM patients demonstrated neural activity in 
the contralateral primary and secondary somatosensory 
cortices, ipsilateral secondary somatosensory cortex, IPC, 
and the cerebellum. The only neural activity detected 
within the control group at this pressure was the contra-
lateral secondary somatosensory cortex. When equally 
painful pressure (slightly intense pain) was applied to all 
three groups, similar neural activity was noted in the pri-
mary somatosensory, secondary somatosensory, inferior 
parietal, insular, and anterior cingulate cortices and the 
cerebellum. Thus, CLBP patients displayed both hyper-
algesic responses to pressure pain stimuli applied to the 
thumb, indicative of generalized pain sensitivity, and aug-
mented neural responses to pain compared with controls. 
These findings demonstrate central pain amplification in 
a condition with regional pain and suggest that idiopathic 
CLBP is maintained by similar central phenomena as FM. 
An interesting and unique area of activity in the anterior 
insula was noted in the FM group, suggestive of a more 
robust affective response to experimental pain stimuli for 
FM patients versus both chronic pain patients and healthy 
controls. The results of these studies highlight the impor-
tance of comparing different chronic pain conditions to 
FM. Moreover, studies of augmented nociceptive process-
ing in chronic pain can benefit from careful selection of 
pain stimulus modality.

Functional neuroimaging methods have been use-
ful for evaluating potential mechanisms of treatment for 
other chronic pain conditions such as NP [32,36] and IBS 
[45,46]. As mentioned earlier, NP patients exhibit lower 
thalamic blood flow that can be restored with pain alle-
viation [32]. For IBS patients, 3 weeks of treatment with 
a 5HT3 receptor antagonist (alosetron) decreased the 
unpleasantness of rectal distention and was associated 
with decreased neural responses in the MPFC, hypothala-
mus, infragenual cingulate, and amygdala, compared 
with baseline and placebo control [45]. Increased activity 
to distention was found in the lateral PFC and anterior 
insula, suggesting that treatment also influenced brain 
regions implicated in descending inhibition of pain [45]. 
Four weeks of tricyclic antidepressant therapy (amitripty-
line) in IBS patients was associated with lower activation 
of the ACC and left posterior parietal cortex, compared 
with baseline and placebo control, although only during 
concurrent auditory stress [46].

A recent study suggests that self-control of brain activ-
ity in chronic pain patients can provide pain relief. Thus, 
fMRI also may be used as a tool for treatment of chronic 
pain. deCharms et al. [47•] used real-time fMRI (rtfMRI) 
and applied it as the treatment modality. Twelve chronic 
pain patients underwent training using rtfMRI to actively 
control a region involved in the pain modulatory network, 
the rostral ACC. Patients were trained to either decrease 
or increase activity within this region by direct feedback 
from the rostral ACC or by autonomic biofeedback. After 
training, chronic pain patients receiving ACC feedback 
reported significant decreases in their pain symptoms, 
whereas the autonomic biofeedback control group showed 
no significant changes.

Conclusions
This review, although not comprehensive, highlights 
the use of functional neuroimaging methods in FM and 
attempts to demonstrate the potential utility of these 
methods toward understanding and treating this poorly 
understood clinical syndrome. Neuroimaging studies in 
FM give objective support to the large body of behav-
ioral research suggesting that FM pain is maintained by 
abnormal central pain regulation. Although not entirely 
uniform, certain commonalities in the results do exist. 
For the resting brain, decreased blood flow in regions 
such as the thalamus has been replicated and has been 
found to occur in other chronic pain conditions. Pain-
alleviating treatments also result in increases in or 
restoration of thalamic blood flow. For experimental 
pain stimuli, the distribution of augmented responses 
suggests that central dysregulation of pain processing 
affects several networks involved in sensory, affective, 
and cognitive aspects of the pain experience. Further-
more, these augmented responses do not appear to be 
unique to FM but occur in other poorly understood con-
ditions, such as IBS, idiopathic CLBP, and AFP. Regions 
that deserve particular attention in FM appear to be 
the thalamus, anterior insula, and PAG. Thalamic and 
PAG activity is consistently observed in healthy controls 
during pain stimulation protocols and is notably absent 
in FM. Several reports have highlighted robust anterior 
insula activity in FM compared with both healthy con-
trols and other chronic pain conditions (eg, idiopathic 
CLBP). The paucity of functional neuroimaging data and 
the degree of individual variability in brain responses, 
both within and between studies, limit recommendations 
involving the utility of brain imaging in the clinical set-
ting. One promising application of neuroimaging in FM, 
which may eventually translate to the clinical setting, 
is the potential to monitor brain responses throughout 
the course of treatment. Although the current number 
of studies is admittedly small, the future of functional 
neuroimaging in FM appears bright. We can expect that 
advances in imaging technology, behavioral research 
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designs, and ultimately, our understanding of risk fac-
tors associated with the development of FM will lead 
to prospective neuroimaging studies that reveal neural 
mechanisms of pain maintenance and possibly even dis-
ease progression.
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