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OVERVIEW 

Central sensitization refers to the amplification of pain by central nervous system mechanisms. 

Classically described as a consequence of ongoing nociceptive input, it is increasingly 

recognized that central sensitization also occurs independent of peripheral injury or 

inflammation. Features of central sensitization have been identified in nearly all chronic pain 

conditions, and it is considered the primary underlying cause of pain in conditions such as 

fibromyalgia. Central sensitization is characterized in these conditions by widespread pain and 

multisite hyperalgesia/allodynia. Co-occurring symptoms include fatigue, mood and cognitive 

problems, sleep disturbances, and multisensory hypersensitivity. Individuals with central 

sensitization often report previous exposure to psychosocial or physical stressors, and a higher 

personal lifetime and family history of pain, with the latter findings supported by genetic 

studies. Neuroimaging studies of central sensitization show evidence of: changes in brain gray 

matter in pain processing regions; neurochemical imbalances; and altered resting brain-

network connectivity between pro-nociceptive and antinociceptive brain areas. Immune system 

abnormalities have also been demonstrated in individuals with central sensitization. The 

recognition of central sensitization, and whether it is being driven by ongoing nociceptive input 

or it is occurring in the absence of a peripheral-driver, is critical for effective pain management. 

 

INTRODUCTION 

In this Special Issue of JABR, Woolf describes the first use of the term さcentral sensitizationざ as 

it relates to pain processing, as well as the early evolution of the meaning of this term.  

Described initially only in animal models, the term was first used by Woolf to refer: to a specific 
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spinal disorder mechanism that was responsible for augmenting ongoing peripheral nociceptive 

input (Woolf, 1983).  Other preclinical pain researchers subsequently identified additional 

spinal mechanisms that amplify nociceptive signaling.  The hallmarks of these processes were 

the presence of hyperalgesia and/or allodynia on quantitative sensory testing (QST) in animal 

models of nociception, often accompanied by enlargement of the nociceptive field and/or 

electrophysiological evidence of decreased firing threshold and increased discharge of spinal 

nociceptive neurons. Thus, the term central sensitization began to be used in a broader sense 

to convey the notion that an array of spinal mechanisms may be involved in amplifying or 

maintaining peripheral nociceptive input (Dougherty, Palecek, Paleckova, Sorkin, & Willis, 1992; 

Sluka & Westlund, 1992; Treede, Davis, Campbell, & Raja, 1992; Willis, 1988).  Even though a 

substantial body of research had begun to demonstrate the important role for supraspinal 

mechanisms in pain processing (Gebhart, 1986; T. S. Jensen & Yaksh, 1992; Willis, 1985; Yaksh, 

1988), in the 1980s and early 1990s the term central sensitization was originally applied: 1) only 

to situations where there was some initial ongoing peripheral nociceptive input; and 2) where 

the underlying mechanism(s) of this phenomenon was thought to lie in the spinal cord and 

dorsal root ganglion. 

 

In the mid-ヱ99ヰ’s, ﾏaﾐ┞ iﾐ┗estigators began to leverage the term and concept of central 

sensitization as a way of explaining the pain hypersensitivity observed in a number of chronic 

pain states in humans, including neuropathic pain (Gracely, Lynch, & Bennett, 1992; Persson, 

Axelsson, Hallin, & Gustafsson, 1995), fibromyalgia (FM) (Anderberg, 2000; Gibson, Littlejohn, 

Gorman, Helme, & Granges, 1994; Granges & Littlejohn, 1993; Kosek, Ekholm, & Hansson, 

1995; Sorensen, Bengtsson, Backman, Henriksson, & Bengtsson, 1995); headache (R. Jensen, 

Rasmussen, Pedersen, Lous, & Olesen, 1992; R. Jensen, Rasmussen, Pedersen, & Olesen, 1993); 

temporomandibular disorder (TMD) (Fillingim, Maixner, Kincaid, Sigurdsson, & Harris, 1996); 

and irritable bowel syndrome (IBS) (Mertz, Naliboff, Munakata, Niazi, & Mayer, 1995).  As with 

the animal models, the original technique used to identify central sensitization in humans was 

QST.  These early QST studies typically noted the same findings of secondary hyperalgesia or 
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allodynia seen in animal models of central sensitization, and this was used to infer that these 

same underlying processes may be playing a role in humans with these chronic pain conditions. 

 

More recently, newer techniques, such as functional, chemical, and structural brain imaging, 

EEG, and other research techniques, have been used to substantiate and further identify the 

presence of, and underlying mechanisms driving, central sensitization. Central sensitization has 

now been suggested to play a role in hundreds of painful and other medical conditions.  In fact, 

so much has been learned about the ubiquity of this problem in populations of chronic pain 

patients that there is now abroad consensus in the pain field that this might represent a third 

underlying core mechanism for pain, above and beyond nociceptive and neuropathic pain 

mechanisms that have been recognized for some time (C. Brummett et al., 2016; Kosek et al., 

2016). 

 

Chronic pain conditions that are now recognized mechanistically to fall within the spectrum of 

central sensitization include: FM; IBS (previously terﾏed さspastiI Iolitisざ uﾐtil the recognition 

that there was little さ–itis" and that motility changes were not the major pathological feature); 

TMD (previously termed temporomandibular joint syndrome until it was recognized the 

problem was largely outside the joint) (Bair, Brownstein, et al., 2013; Bair, Ohrbach, et al., 2013; 

Fillingim et al., 2011; Greenspan et al., 2013); and urinary chronic pelvic pain syndromes 

(where, again, the condition previously called interstitial cystitis is now called bladder pain 

syndrome) (Bagarinao et al., 2014; Clemens et al., 2014; Farmer et al., 2015).  This is not to say 

peripheral factors, or low-grade inflammation that is not identifiable clinically, do not play some 

role in these entities.  But it is relevant that clinicians who care for individuals with these 

conditions, and who are quite adept at identifying (with blood tests, imaging, or endoscopy) 

peripheral damage or inflammation, have generally concluded that these are not inflammatory 

or peripheral-based disorders.  A recent term, Chronic Overlapping Pain Conditions (COPCs), has 

been coined by the NIH to indicate that FM, IBS, chronic fatigue syndrome (CFS), headache, 

interstitial cystitis/bladder pain syndrome, TMD, endometriosis, low back pain, and dry-eye 

disease may all represent conditions with overlapping clinical and pathophysiological features 
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(i.e., those related to central sensitization), where central factors may be playing a prominent 

or exclusive role in their pathogenesis (Levitt et al., 2017; Maixner, Fillingim, Williams, Smith, & 

Slade, 2016).  Most of the initial studies examining the pathophysiology of central sensitization 

in humans have been in conditions such as FM and other COPCs, because these were amongst 

the first conditions where prominent central factors were identified.   

 

However, these same features suggesting central sensitization are also commonly seen in 

individuals with chronic pain conditions and illnesses where there is clearly ongoing nociceptive 

input.  A subset of individuals with any chronic pain condition will display features of central 

sensitization, including individuals with autoimmune disorders, any type of arthritis, cancer, 

sickle cell disease, and hypermobility syndromes (Clauw & Witter, 2009; Darbari, Ballas, & 

Clauw, 2014; Gwilym et al., 2009; Henry & Clauw, 2012; Phillips & Clauw, 2013).  Because these 

individuals with central sensitization clinically resemble individuals with FM, they were 

previously labelled as ha┗iﾐg さseIoﾐdar┞ fiHroﾏ┞algiaざ in the rheumatological literature.  This 

form of central sensitization has not been nearly as well studied mechanistically in humans, in 

part because most studies of COPCs purposefully excluded individuals with demonstrable 

peripheral disease.  However, what is known about this type of central sensitization is that it 

seems to be at least in part driven by ongoing nociceptive input because, when the input is 

removed, the features of central sensitization partially or entirely remit (Gwilym, Filippini, 

Douaud, Carr, & Tracey, 2010; Kosek & Ordeberg, 2000; Staud, Weyl, Bartley, Price, & Robinson, 

2014). 

 

This present review will provide a broad overview of these aggregate studies describing the 

current understanding of central sensitization as observed in humans, as well as identify 

unresolved issues in this field. 

FEATURES OF CENTRAL SENSITIZATION GLEANED FROM EPIMEIOLOGICAL OR 

OBSERVATIONAL STUDIES  

 Individuals who develop COPCs begin developing pain and other related central-sensitization 

symptoms (fatigue, sleep disturbance, sensory sensitivity) in early life.  For example, individuals 
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who eventually go on to develop FM are more likely to experience headaches, dysmenorrhea, 

TMD, chronic fatigue, IBS and other functional GI disorders, interstitial cystitis/painful bladder 

syndrome, endometriosis, and other regional pain syndromes (especially back and neck pain) 

(Aaron & Buchwald, 2001; Hudson & Pope, 1994).  What often appears clinically as a new 

episode of acute or subacute pain is just the newest region of the body experiencing pain 

(Warren et al., 2009).  Consequently, many pain experts have suggested that COPCs are best 

understood as a single lifelong disease that merely tends to manifest in different bodily regions 

over time (Tracey & Bushnell, 2009; Williams & Clauw, 2009; Woolf, 2011). 

 

In addition to COPC, patients having a high personal lifetime history of pain, often have a strong 

family history of chronic pain.  The first-degree relatives of FM patients are eight-times more 

likely to have FM compared to family members of healthy controls, and they also report very 

high rates of other chronic pain conditions (Arnold et al., 2004).  Furthermore, family members 

of individuals with FM are much more tender than the family members of controls, regardless 

of whether they have chronic pain or not (Buskila, Neumann, Hazanov, & Carmi, 1996; Hudson, 

Hudson, Pliner, Goldenberg, & Pope, 1985; Kato, Sullivan, Evengard, & Pedersen, 2006).  This 

familial and personal co-aggregation of conditions has been called many other terms prior to 

COPCs, including affective spectrum disorder (Hudson, Goldenberg, Pope, Keck, & Schlesinger, 

1992) and, more recently, central sensitivity syndromes (Yunus, 2008), and chronic multi-

symptom illnesses (Yunus, 2008).  The key symptoms besides pain that typically co-aggregate 

together are fatigue, memory difficulties, and mood disturbances (Fukuda et al., 1997; Fukuda 

et al., 1998).  Twin studies suggest that approximately 50% of the risk of developing these 

conditions is genetic, and 50% environmental (Kato, Sullivan, Evengard, & Pedersen, 2009). 

 

Environmental factors that are associated with the development of FM and other COPCs 

include various types of さstressors,ざ that typically involve acute pain for at least a few weeks.  

Psychosocial stress, including childhood trauma, is but one such stressor.  FM and other COPCs 

are found at much higher than expected rates in individuals who have experienced certain 

types of infections (Buskila, Atzeni, & Sarzi-Puttini, 2008 [e.g., Epstein Barr Virus, Lyme disease, 
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Q fever, viral hepatitis]), physical trauma (e.g., motor vehicle collisions) (McLean et al., 2011), 

and deployment to war (J. D. Lewis et al., 2012).  Of note, only 5-10% of individuals exposed to 

these stressors develop FM or CFS; the overwhelming majority of individuals who experience 

these same infections or other stressful events return to their baseline state of health.  It is also 

likely that part of the reason these different stressors can seemingly lead to worsening of 

central sensitization symptoms is because of how these stressors affect activity level, sleep, or 

overall distress, any of which then can lead to worsening of pain and other symptoms (J. N. 

Ablin et al., 2013; Arnson et al., 2007; Crook, Moldofsky, & Shannon, 1998; Moldofsky, 2010; 

Moldofsky, Saskin, & Lue, 1988).  This may also be why treatments, such as exercise and 

improving sleep, seem to be so important and helpful in the overall treatment of patients with 

central sensitization.   

 

As previously noted, the central sensitization or FM-phenotype is also commonly seen as a co-

morbidity in other chronic pain conditions such as osteoarthritis, rheumatoid arthritis, and 

systemic lupus erythematosus (SLE) (Buskila, Neumann, Vaisberg, Alkalay, & Wolfe, 1997; 

Buskila, Shnaider, et al., 1997; Clauw et al., 1997; McLean & Clauw, 2004).  As many as 25% of 

patients correctly diagnosed with generalized inflammatory disorders such as SLE, rheumatoid 

arthritis, and ankylosing spondylitis will also meet the clinical criteria for FM (Clauw, 1995a, 

1995b).  This rate is even higher in individuals with conditions such as chronic low back pain, 

siIkle Iell disease, Ehler’s Daﾐlos aﾐd other hypermobilitiy syndromes.  However, in clinical 

practice, this co-expression is often unrecognized, especially when central sensitization 

develops after the nociceptive or neuropathic condition is diagnosed.  In this setting, when 

comorbid central sensitization goes unrecognized, patients are often unnecessarily treated 

more aggressively with peripherally-direct interventions, such as surgery or immunosuppressive 

drugs, leading to increased morbidity without the desired therapeutic effects.  

 

FM and other COPCs occur much more commonly in individuals with early life and current 

stress, and many if not most individuals will have a lifetime history of a psychiatric disorder 

such as depression or anxiety (Epstein et al., 1999).  There is typically more psychiatric and 
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psychological comorbidity seen in tertiary-care settings or in individuals who are refractory to 

treatment.  This bi-directional relationship between FM and psychiatric conditions is likely due 

in part to the fact that there are common triggers to both sets of conditions (e.g., early life 

stress or trauma), as well as shared pathophysiology (i.e., many of the neurotransmitters that 

affect pain transmission also affect mood, memory, fatigue, sleep).  Other risk factors for 

developing FM that are potentially modifiable include poor sleep, obesity, physical inactivity, 

and poor job or life satisfaction.  Similarly, cognitive factors, such as catastrophizing (the feeling 

that pain is very bad and associated with a poor prognosis for recovery) or movement-related 

fear, are poor prognostic factors in FM and other chronic pain states.  

 

Animal Models  As noted above, all of the early animal models of central sensitization required 

ongoing nociceptive input to drive central sensitization.  In fact, this was one of the hallmark 

features of central sensitization in these models, in that the observed processes seemed to 

lessen or disappear when the ongoing peripheral nociceptive input was removed or blocked.  

This led to the early view that aggressively reducing ongoing nociceptive input to block 

subsequent central sensitization (i.e., pre-emptive analgesia [Woolf, 1991]) might be useful 

therapeutically.  This general approach is still used, especially in perioperative medicine, where 

studies generally show that individuals with lower pain scores during the acute painful episode 

have less subsequent features of central sensitization following surgery (although it is often 

difficult to disentangle cause vs. effect in these studies, because individuals with less central 

sensitization would be expected to have less pain to an acute stimulus).   

 

However, more recent animal models of both somatic and visceral pain emphasize that these 

same features of central sensitization can occur without any ongoing nociceptive input.  For 

example, although few would purport that there is an animal model that mimics all of the key 

clinical features of FM, animal models can nonetheless be very helpful in understanding the 

pathogenesis of this condition (Sluka, 2009; Sluka & Clauw, 2016).  Animals can clearly develop 

the critical features of central sensitization without any ongoing nociceptive input, including 

when exposed to sub-chronic swim stress (Suarez-Roca et al., 2006); neonatal separation from 
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their mothers (Pierce & Christianson, 2015); and many other non-painful stimuli (DeSantana, da 

Cruz, & Sluka, 2013; Sluka, Kalra, & Moore, 2001).  Features of central sensitization and animal 

pain-like behaviors consistent with diffuse pain are also seen when central nervous system 

(CNS) neurotransmitters are purposefully altered in the directions found in FM.  For example, 

chronic reserpine administration (which depletes bioamines) leads to features consistent with 

central sensitization (Taguchi et al., 2015), as does directly increasing glutamate levels in the 

insulae (Watson, 2016).  This latter model of increasing insular glutamate was recently reverse-

traﾐslated to sho┘ that the fiﾐdiﾐgs of さsﾏall fiHer ﾐeuropath┞ざ Iould even be induced simply 

by increasing CNS glutamate, as is known to occur in FM (Harte et al., 2017). 

 

Genetic Factors  The strong familial predisposition to FM and other chronic pain conditions has 

led many to study specific genetic polymorphisms that may be associated with a higher risk of 

developing FM.  First, candidate-gene studies showed that genetic findings, such as the 

serotonin 5-HT2A receptor polymorphism T/T phenotype; serotonin transporter; dopamine 4 

receptor; and COMT (catecholamine o-methyl transferase) polymorphisms all were noted at 

higher-frequency in FM patients than controls.  Some subsequent studies confirmed certain of 

these associations, whereas others did not (Buskila, Sarzi-Puttini, & Ablin, 2007; Diatchenko, 

Fillingim, Smith, & Maixner, 2013).  Subsequent larger genome-wide linkage and candidate-

gene studies identified other putative targets (Arnold et al., 2013; Smith et al., 2012).  The 

linkage studies confirmed the strong genetic contribution to FM, and suggested linkage of FM 

to the chromosome 17p11.2-q11.2 region. The large candidate gene study identified three 

genes -- (GABRB3 [rs4906902, p = 3.65x10[-6]); TAAR1 (rs8192619, p = 1.11x10[-5]); and GBP1 

(rs7911, p = 1.06x10[-4]) with single nucleotide polymorphisms (SNPs) -- that differed in 

frequency between FM patients and healthy controls (Smith et al., 2012).  TAARI, along with 

several additional genes (RGS4, CNR1, and GRIA4) showed evidence of association with FM in a 

replication analysis using a second independent cohort of FM patients (Smith et al., 2012).  In 

light of the fact that classic genetic studies have not yet identified strong, reproducible 

polymorphisms or haplotypes associated with FM, and because there is clear evidence of 

environmental factors (such as stress) playing a prominent role in the pathogenesis, other 
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groups have postulated that epigenetic findings might be important in FM (Ciampi de Andrade 

et al., 2017).  This is a promising area that needs further research.  

 

QST EVIDENCE OF CNS DISTURBANCES IN PAIN AND SENSORY PROCESSING 

The physiological hallmark and defining feature of central sensitization is altered CNS pain-

processing.  This was originally identified clinically in conditions such as FM and TMD by 

identifying tenderness to palpation.   Following these early clinical observations, many groups 

have used much more sophisticated QST methods to identify and characterize pain and sensory 

mechanisms in individuals suspected to have central sensitization (Arendt-Nielsen, 2015; 

Arendt-Nielsen & Yarnitsky, 2009; Backonja et al., 2013; Cruz-Almeida & Fillingim, 2014; 

Edwards, Sarlani, Wesselmann, & Fillingim, 2005; Greenspan et al., 2013; Pfau, Geber, Birklein, 

& Treede, 2012; Wylde et al., 2017).  QST refers to procedures in which quantifiable stimuli 

(e.g., mechanical, thermal, or electric) are delivered in a systematic manner to the body.  An 

iﾐdi┗idual’s reaction to these stimuli, including non-verbal behavioral responses, such AS 

withdrawal, ratings of perceived stimulus intensity and unpleasantness, and physiological 

responses, are used to measure sensory gain or loss.  Data from QST studies suggest a wide, 

bell-shaped distribution in pain sensitivity across the general population.  Most, but not all, 

individuals with COPCs, and a subset of individuals with any other chronic pain condition, will 

typically fall on the right side of the curve, with significant diffuse hypersensitivity outside the 

region of injury (i.e., secondary hyperalgesia and allodynia) (K. Ablin & Clauw, 2009; Diatchenko 

et al., 2006; Fillingim, 2005; Gwilym et al., 2009; Kleinbohl et al., 1999; Neddermeyer, Fluhr, & 

Lotsch, 2008; Nielsen, Staud, & Price, 2009; Tracey & Bushnell, 2009; Williams & Clauw, 2009).  

Importantly, this hypersensitivity can be present in both painful/symptomatic, as well as pain-

free/non-symptomatic body sites, which strongly suggests a central pain mechanism.  Some of 

the chronic pain conditions where widespread hyperalgesia/allodynia is consistently identified 

include FM, IBS, TMD, low back pain, tension headache, chronic pelvic pain, and vulvodynia (As-

Sanie et al., 2013; Clauw & Chrousos, 1997; Gibson et al., 1994; Giesecke et al., 2004; 

Greenspan et al., 2011; Grinberg, Granot, Lowenstein, Abramov, & Weissman-Fogel, 2017; 

Leffler, Hansson, & Kosek, 2002; Petzke, Harris, Williams, Clauw, & Gracely, 2005; Whitehead et 
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al., 1990; O. H. G. Wilder-Smith, Tassonyi, & Arendt-Nielsen, 2002). 

 

The efficiency of endogenous pain modulation networks is another marker of altered CNS pain 

processing measured by QST.  Endogenous pain inhibitory networks can be activated in humans 

aﾐd aﾐiﾏals duriﾐg appliIatioﾐ of a ﾐo┝ious さIoﾐditioﾐiﾐgざ stiﾏulus, resultiﾐg iﾐ atteﾐuatioﾐ of 

pain produced by a ﾐo┝ious さtestざ stiﾏulus applied to a different body location -- an effect 

termed conditioned pain modulation (CPM).  Although deficient CPM (i.e., reduced inhibition of 

test stimulus evoked pain) or even facilitation of test stimulus pain has been observed in a 

subset of healthy individuals (Potvin & Marchand, 2016; Schoen et al., 2016), it is more 

common in individuals with FM and other COPCs (Granot et al., 2008; Julien, Goffaux, 

Arsenault, & Marchand, 2005; Kosek & Ordeberg, 2000; Le Bars, Dickenson, & Besson, 1979; 

Mahomedy, Downing, Jeal, & Coleman, 1976; Nir & Yarnitsky, 2015; C. H. Wilder-Smith & 

Robert-Yap, 2007; Yarnitsky et al., 2008).  In fact, a 2012 meta-analysis confirmed that CPM is 

attenuated in the majority of chronic pain conditions (Lewis, Rice, & McNair, 2012).  Decreased 

CPM is associated with a variety of clinical outcomes, including increased post-surgical pain and 

analgesia requirements, and the effectiveness of some centrally-acting analgesics (Edwards, 

2005; Yarnitsky, 2015; Yarnitsky et al., 2008; Yarnitsky, Granot, Nahman-Averbuch, Khamaisi, & 

Granovsky, 2012).  Functional neuroimaging studies have begun to reveal a network of cortical 

and brainstem regions involved in the normal CPM response in humans (Bogdanov et al., 2015; 

Piche, Arsenault, & Rainville, 2009; Sprenger, Bingel, & Buchel, 2011; Youssef, Macefield, & 

Henderson, 2016a, 2016b) that is consistent with earlier studies of endogenous analgesia in 

animals, and recently we identified an aberrant pattern of PAG-to-brainstem connectivity that 

may play a role in deficient CPM, or enhanced descending facilitation, in central sensitization 

(Harper, Ichesco, Schrepf, Hampson, et al., 2018). 

 

Whereas CPM methods probe for the absence or impairment of inhibitory mechanisms, 

temporal summation of pain measures the amplification of nociceptive signaling related to 

central sensitization.  Experimentally, temporal summation refers to an increase in the 

perceived intensity of pain in response to sequential stimuli of equal physical strength.  This 
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response is thought to reflect the progressive increase in neuronal firing of dorsal horn neurons 

in response to repetitive C-fiber stimulation (i.e., windup) (Graven-Nielsen et al., 2000; Price, 

Mao, Frenk, & Mayer, 1994; Price et al., 2002; Staud, Vierck, Cannon, Mauderli, & Price, 2001; 

Weissman-Fogel et al., 2009); however, supraspinal mechanisms contribute to the regulation of 

this phenomenon (Cheng, Erpelding, Kucyi, DeSouza, & Davis, 2015).  Temporal summation is a 

normal response that occurs in healthy humans, but is enhanced in patients with central 

sensitization, and has been shown to predict pain outcomes (Arendt-Nielsen et al., 2010; 

Maixner, Fillingim, Sigurdsson, Kincaid, & Silva, 1998; Sarlani, Grace, Reynolds, & Greenspan, 

2004; Staud, Craggs, Perlstein, Robinson, & Price, 2008; Weissman-Fogel et al., 2009).  For 

example, patients with osteoarthritis that report chronic pain after joint replacement surgery 

have significantly higher temporal summation pre-operatively and post-operatively, compared 

to patients that experience pain relief (Izumi, Petersen, Laursen, Arendt-Nielsen, & Graven-

Nielsen, 2017; Petersen, Arendt-Nielsen, Simonsen, Wilder-Smith, & Laursen, 2015; Skou et al., 

2013). This suggests that enhanced temporal summation may be a marker for vulnerable 

individuals with central sensitization that respond poorly to peripherally-directed pain 

interventions.  CPM and temporal summation paradigms can also be used in combination to 

better characterize the balance of pro- and anti-nociceptive processing within individuals 

(Petersen, Graven-Nielsen, Simonsen, Laursen, & Arendt-Nielsen, 2016; Vaegter & Graven-

Nielsen, 2016; Yarnitsky, Granot, & Granovsky, 2014).  Additional QST measures that may show 

altered endogenous pain modulation in patients with central sensitization include assessments 

of pain after-sensations (pain sensations that linger after cessation of painful 

stimulation)(Staud, Koo, Robinson, & Price, 2007), and offset-analgesia (a disproportionate 

reduction in perceived pain following a subtle decrease in the intensity of painful stimulation) 

(Hermans et al., 2016; Oudejans, Smit, van Velzen, Dahan, & Niesters, 2015).   

 

In addition to hypersensitivity to painful stimuli, there is accumulating evidence that many 

patients with central sensitization exhibit hypersensitivity to non-painful stimuli that bypass 

peripheral and spinal pathways.  Patients with FM demonstrate perceptual amplification of 

auditory stimuli, and rate everyday sounds as more unpleasant compared to controls (Carrillo-
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de-la-Pena, Vallet, Perez, & Gomez-Perretta, 2006; Dohrenbusch, Sodhi, Lamprecht, & Genth, 

1997; Geisser, Glass, et al., 2008; McDermid, Rollman, & McCain, 1996; Wilbarger & Cook, 

2011).  Similar findings have been observed in TMD (Hollins et al., 2009), rheumatoid arthritis 

(McDermid et al., 1996), and IBS (Berman et al., 2002; Blomhoff, Jacobsen, Spetalen, Dahm, & 

Malt, 2000).  FM patients have also been shown to have increased sensitivity to complex visual 

stress (Harte et al., 2016), light (Martenson et al., 2016), and unpleasant odors (Schweinhardt, 

Sauro, & Bushnell, 2008).  These findings, coupled with evidence that auditory and visual 

sensitivities are often correlated with pain sensitivity in these patients (Geisser, Glass, et al., 

2008; Harte et al., 2016), have led us and others to hypothesize that a generalized or global 

state of CNS sensory amplification may play a role in the pathogenesis of chronic pain disorders, 

and that these sensory measures may mark an important individual patient endophenotype of 

central sensitization (Geisser, Donnell, et al., 2008; Hollins et al., 2009; McDermid et al., 1996).  

In fact, we propose that this might be one fundamental neurobiological difference between 

chronic pain patients with さtop-downざ central pain mechanisms, where increased sensitivity to a 

range of painful and non-painful sensory stimuli is present, and those with さbottom-upざ central 

pain mechanisms, traditionally referred to as central sensitization, where only pain processing 

might be augmented.  This is supported by the fact that functional imaging studies find that the 

insula, a brain region that also plays a role in multisensory integration, is hyperactive in most 

individuals with central sensitization (Brooks & Tracey, 2007; Wager et al., 2013).   

 

Brain Imaging Studies.  The observation that QST outcomes in individuals with FM showed 

diffuse tenderness has led to subsequent brain neuroimaging studies that have been amongst 

the Hest さoHjeIti┗eざ e┗ideﾐIe that the paiﾐ iﾐ FM and related-pain  syndromes are さreal,ざ aﾐd 

that the brain is playing a prominent role in pain pathophysiology (Harris & Clauw, 2006). 

 

Early studies demonstrated increased neuronal activity in CNS sensory-processing regions in 

patients with central sensitization exposed to sensory stimuli that healthy individuals find 

innocuous (Cook et al., 2004a; Gracely et al., 2004; Gracely, Petzke, Wolf, & Clauw, 2002a; 

Hampson et al., 2013; Naliboff et al., 2001).  More recent neuroimaging studies provide further 
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insight into the underlying CNS changes in central sensitization, and demonstrate significant 

structural, chemical, and functional alterations in pain-related brain areas.  As a broad 

overview, changes in brain-gray matter are noted in pain-processing regions such as: the 

thalamus; periaqueductal gray (PAG); insula; cingulate and somatosensory cortices (Smallwood 

et al., 2013); neurochemical alterations, including increased levels of excitatory 

neurotransmitters (e.g., glutamate) and decreased levels of inhibitory neurotransmitters (e.g., 

-aminobutyric acid [GABA] are present in the insula (Harris & Clauw, 2012); and increased 

resting brain network connectivity to pro-nociceptive brain areas; and decreased connectivity 

to anti-nociceptive brain areas are also often present in central sensitization (Ichesco et al., 

2014; K. B. Jensen et al., 2009; Loggia et al., 2013; Napadow, Kim, Clauw, & Harris, 2012).  As 

such, multiple brain neuroimaging studies have found alterations in supraspinal pain processing 

in individuals with clinical features suggestive of central sensitization. 

 

Functional magnetic resonance imaging (fMRI), in conjunction with QST, has been used to 

further demonstrate that patients with central sensitization exhibit a supraspinal-mediated 

multisensory hypersensitivity.  We recently found that the insula was activated by an aversive 

visual stimulus, and that the degree of activation was strongly associated with patients’ self-

reported FM pain (Harte et al., 2016).  Moreover, this activity within the insula was reduced 

following administration of pregabalin (but not placebo), and the analgesic effectiveness of this 

drug ┘as assoIiated ┘ith a IoﾐIoﾏitaﾐt reduItioﾐ iﾐ the iﾐsula’s respoﾐse to the ┗isual 

stimulus.  In addition to sensitivity to visual stimuli, methods such as fMRI clearly demonstrate 

that individuals with FM display increased brain activity when given a mild pressure or heat 

stimulus that ﾏost iﾐdi┗iduals ┘ould feel as さtouIhざ or さ┘arﾏth,ざ rather thaﾐ さpaiﾐざ.  During 

this experience of pain, similar brain activation patterns arise in the patients that are typically 

seen in pain-processing regions that normal pain free individuals experience during a noxious 

stimulus (Cook et al., 2004b; Gracely, Petzke, Wolf, & Clauw, 2002b).  This indicates that 

individuals with central sensitization have a similar brain response to painful stimuli as controls, 

but at lower levels of stimulus intensity. 
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A more recent advance in fMRI research is to examine the extent that brain regions are 

さIoﾐﾐeItedざ to eaIh other (i.e., simultaneously activated [or deactivated] (Ploner, Lee, Wiech, 

Bingel, & Tracey, 2010), simply at rest.  The advantage of these types of resting-state analyses is 

that they provide a window into brain changes associated with chronic, ongoing spontaneous 

pain.  Individuals with FM have increased connectivity between the insula and neural networks 

not normally thought to be involved with pain, such as the Default Mode Network (DMN), and 

the degree of this hyper-connectedness is related to the severity of ongoing pain (Napadow et 

al., 2012; Napadow et al., 2010).  A different group has shown that, during a painful stimulus, 

connectivity is decreased between key anti-nociceptive regions (e.g., the brainstem – the origin 

of descending analgesic pathways) and a region they previously identified to be a potential 

source of dysfunctional pain inhibition in FM (K. B. Jensen et al., 2009; K. B. Jensen et al., 2012).  

Similar to the studies of visual stimulation described above, Lopez-Sola and colleagues 

demonstrated that individuals with central sensitization are more sensitive to a number of non-

painful sensory stimuli, and that machine-learning paradigms can accurately distinguish FM 

from non-FM patients with over 90% accuracy using fMRI results (Lopez-Sola et al., 2014; 

Lopez-Sola et al., 2017). 

 

Other neuroimaging techniques have been used to identify neurotransmitter and receptor 

abnormalities that may be driving the pain amplification seen in FM and other central 

sensitization pain disorders.  Wood and colleagues used positron emission tomography (PET) to 

show that attenuated dopaminergic activity may be playing a role in pain transmission in FM, 

and we showed evidence of decreased mu opioid receptor availability (possibly due to an 

increased release of endogenous mu opioids) in FM (Harris et al., 2007; Wood et al., 2007).  

Recent work by Schrepf and colleagues used multi-modal fMRI-PET to demonstrate that this 

reduction in opioid receptor-binding is related to reduced antinociceptive brain responses in 

the anterior cingulate cortex – providing further support for a potential endogenous opioid 

mechanism in pain central sensitization (Schrepf et al., 2016).  This latter finding, as well as 

previous studies showing increased levels of endogenous opioids in the cerebrospinal fluid 

(CSF) of FM patients (Baraniuk, Whalen, Cunningham, & Clauw, 2004), have been suggested as 
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evidence of why opioid analgesics appear to have poor efficacy in FM.   

 

Our group and others have used proton spectroscopy (
1
H-MRS) to probe other 

neurotransmitters, including glutamate and GABA.  These studies have shown increases in brain 

concentrations of glutamate in pain-processing regions, such as the insula in FM (Harris, 2010; 

Harris et al., 2009; Harte, Clauw, Napadow, & Harris, 2013; Pyke, Osmotherly, & Baines, 2017).  

This finding has also been noted in the CFS of FM patients (Sarchielli, Di Filippo, Nardi, & 

Calabresi, 2007).  Drugs that improve FM pain, such as pregabalin and gabapentin, are 

hypothesized to be working in part by reducing glutamatergic activity in the brain (Maneuf, 

Hughes, & McKnight, 2001).  In support of this, we demonstrated that baseline glutamate levels 

and functional connectivity of the insula predicted which FM patients would successfully 

respond to pregabalin therapy (Harris et al., 2013).  Patients with higher posterior insular 

glutamate and insular connectivity to the DMN had the most improvement in pain and 

hyperalgesia following pregabalin.  Furthermore, improvement in pain was accompanied by 

normalization of the glutamate and functional connectivity findings, demonstrating that these 

abnormalities were at least partly responsible for pain pathogenesis (Harris et al., 2013).  We 

have similarly shown that decreased connectivity to antinociceptive brain regions, such as the 

periaqueductal gray (PAG – a critical locus of descending analgesic pathways), predicts 

responsiveness to milnacipran, a serotonin norepinephrine reuptake inhibitor (Schmidt-Wilcke 

et al., 2014).   

 

Conversely, 
1
H-MR“ has Heeﾐ used to deﾏoﾐstrate lo┘ le┗els of oﾐe of the Hod┞’s ﾏajor 

inhibitory neurotransmitters (GABA; Foerster et al., 2012; Harper, Ichesco, Schrepf, Halvorson, 

et al., 2018), and this likely accounts for the efficacy of medications such as gamma-

hydroxybutyrate in FM (Russell et al., 2011).  This finding may also suggest biological plausibility 

for the association between low-moderate alcohol consumption (compared to none or heavy 

drinking), and improved symptomatology and functionality in FM (C. H. Kim et al., 2013; Scott 

et al., 2018).  Alcohol enhances inhibitory GABAergic neurotransmission (Chandler, Overton, 

Ruedi-Bettschen, & Platt, 2017; Chastain, 2006) and may exhibit a U-shaped curve for its 
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analgesic effects similar to its potentially beneficial cardiovascular effects.  That imbalances 

between excitatory and inhibitory neurotransmitters are not found diffusely throughout the 

brain and, instead, appear to be localized to regions that contribute to multisensory processing 

(e.g., insula) (Brooks & Tracey, 2007; Craig, 2002), is consistent with the notion that a global 

sensory hyper-responsiveness is partly responsible for the pathophysiology of FM and related 

COPCs (K. Ablin & Clauw, 2009; Yunus, 2007).  Figure 1 illustrates the neurotransmitters that 

have been demonstrated to influence pain transmission in the CNS.  This neurochemical profile 

helps illustrate why no single class of CNS analgesic is likely to work in every patient with pain of 

CNS origin. 

------------------------------------------- 

INSERT FIGURE 1 ABOUT HERE 

------------------------------------------- 

fMRI has also proven useful in determining how comorbid psychosocial factors influence pain 

processing in FM.  For example, in FM patients with variable degrees of comorbid depression, 

anterior insula and amygdala activations were correlated with depressive symptoms, consistent 

┘ith these さﾏedialざ aﾐd pre-frontal brain regions being involved with affective or motivational 

aspects of pain processing (and being more closely related to unpleasantness, rather than the 

sensory intensity of pain) (Berna et al., 2010).  However, the degree of neuronal activation in 

more lateral structures generally thought to be associated with the sensory-processing of pain 

(i.e., location and intensity of the pain) were not associated with levels of depressive 

symptoms, or the presence or absence of major depression. This is consistent with substantial 

evidence that pain and depression are largely independent, but overlapping, physiological 

processes.  

 

The role of neuroendocrine or autonomic abnormalities.  Because of the link between COPCs 

and exposure to stress, and because both the neuroendocrine and autonomic nervous systems 

could cause many of the symptoms of these conditions, these factors have been fairly 

extensively studied, especially in FM and CFS (Clauw & Crofford, 2003; Crofford, 1998; 

Demitrack & Crofford, 1998).  However, this research has generally yielded inconsistent 
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findings, and treatment studies targeting these systems have failed (Adler, Kinsley, Hurwitz, 

Mossey, & Goldenberg, 1999; Cohen et al., 2000; Crofford et al., 1994; Demitrack & Crofford, 

1998; Martinez-Lavin, Hermosillo, Rosas, & Soto, 1998; Qiao, Vaeroy, & Morkrid, 1991).  These 

studies note either hypo- or hyper-activity of both the hypothalamic pituitary adrenal axis (HPA) 

and sympathetic nervous system in individuals with FM and related conditions, and the precise 

abnormality varies from study to study.  Moreo┗er, these studies oﾐl┞ fiﾐd さaHﾐorﾏalざ HPA or 

autonomic function in a very small percentage of patients, and there is tremendous overlap 

between cases and controls in any of these studies.  Taken together, these factors are now 

generally thought to play some role in a subset of individuals, but not in all individuals with 

these conditions.  

 

The inconsistency of these findings may be explained by the fact that nearly all of these studies 

were cross-sectional and assumed that, if HPA and/or autonomic dysfunction was found in 

these conditions, it must have caused the pain and other symptoms.  Data now suggest the 

opposite.  As noted above, more convincing data suggest that these factors (especially HPA 

abnormalities) might represent a diathesis or be due to pain or early life stress, rather than 

causing it.  Notably, in two studies examining HPA function in FM, McLean and colleagues 

showed that salivary cortisol levels covaried with pain levels, and that CSF levels of 

corticotropin-releasing factor (CRH) ┘ere ﾏore Ilosel┞ related to aﾐ iﾐdi┗idual’s paiﾐ le┗el or a 

history of early-life trauma than whether they were a FM patient or control (McLean et al., 

2005; McLean et al., 2006). Because most previous studies of HPA and autonomic function in 

FM failed to control for pain levels, a previous history of trauma, or other comorbid disorders 

that could affect HPA or autonomic dysfunction, these inconsistencies are not surprising. 

 

 

Evidence of abnormal cytokines and immune dysfunction in central sensitization.  Although 

the prevailing view is that FM and related COPCs are not autoimmune disorders, and that 

classic anti-inflammatory agents are not of benefit in these conditions, there are some data 

suggesting that the immune system may be playing a role in their pathogenesis (Gur & 
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Oktayoglu, 2008).  Perhaps the most consistent finding noted to date is a mild elevation in IL-8, 

which is a cytokine associated with sympathetic function (Bazzichi et al., 2007; Wallace, 

Bowman, Wormsley, & Peter, 1989).  In other conditions closely linked to FM, such as 

interstitial cystitis, more sensitive assays of immune system function, that can be gleaned by 

stimulating peripheral immune cells, have been shown to be abnormal (Schrepf et al., 2015).  

We and others have speculated that diet or obesity could contribute to this low-grade 

inflammation in FM, and might be a potential target for therapy (Schrepf et al., 2017); while 

others have posited that this may provide evidence of microglia involvement in FM.  These 

areas warrant further exploration, and are actively being investigated.  

 

The role of さsﾏall fiHer ﾐeuropathyざ iﾐ Ieﾐtral seﾐsitizatioﾐ.  Many groups have now shown 

evidence of decreased intra-epidermal nerve-fiber density (i.e., small fiber neuropathy) in FM 

(Caro & Winter, 2015; Doppler, Rittner, Deckart, & Sommer, 2015; S. H. Kim, Kim, Oh, & Clauw, 

2008; Levine & Saperstein, 2015; Oaklander, Herzog, Downs, & Klein, 2013; Uceyler et al., 

2013).  However, debate remains regarding the meaning of these findings (Clauw, 2015).  

Reduced nerve-fiber density is a very non-specific finding that has now been noted in over 50 

different pain and non-pain conditions (Clauw, 2015).  Moreover, Harte and colleagues recently 

demonstrated that these findings could be induced in an animal model of central sensitization 

by increasing insular glutamate (Harte et al., 2017).  We believe that this non-specific finding 

reflects an adaptive structural and functional reorganization of the peripheral nervous system 

(not unlike the changes in the CNS noted via voxel-based morphometry of the brain in chronic 

pain states (Smallwood et al., 2013), in the context of ongoing chronic pain and other 

neurological conditions.  The hyper-excitable C nociceptors noted in FM by Serra and colleagues 

could also be secondary to CNS disinhibition of peripheral systems, rather than indicating that 

there is primary pathology in the periphery (Serra et al., 2014). Regardless, the current 

evidence does not merit routine skin biopsies in suspected FM patients, and certainly does not 

yet suggest that this finding is of enough pathophysiological significance to support the (non-

investigational) use of aggressive cytotoxic and anti-inflammatory regimens that some have 

proposed.  When considering the available data regarding the pathophysiology of FM, including 
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the brain neuroimaging and multi-sensory hypersensitivity findings discussed above, the data 

strongly favor CNS factors rather than peripheral abnormalities, and these findings should 

continue to drive clinical care.  

 

THE CONCEPT OF CENTRAL SENSITIZATION AS A CONTINUUM – RATHER THAN PRESENT OR 

ABSENT 

Wolfe was the first to describe the concept of さfibromyalgianess,ざ by showing the importance 

of さsuH-s┞ﾐdroﾏiIざ or さsuH-thresholdざ FM (Wolfe, 2009).  In a series of studies, he showed 

that, in individuals with conditions such as rheumatoid arthritis, low back pain or osteoarthritis, 

aﾐ iﾐdi┗idual’s FM sIore, deri┗ed ┘ith ﾏeasures very similar to the 2010/11/16 American 

College of Rheumatology (ACR) FM criteria (Wolfe et al., 2016; Wolfe et al., 2011; Wolfe, Clauw, 

et al., 2010), was typically more predictive of pain and disability than more objective measures 

of activity of these illnesses, such as measures of inflammation or joint damage (Wolfe et al., 

2014; Wolfe, Michaud, Li, & Katz, 2010).  The survey version of these criteria, designed for 

clinical and epidemiological research, is entirely patient self-report, and can be administered on 

a single piece of paper (Wolfe et al., 2011).  Our group uses the Michigan Body Map (C. M. 

Brummett et al., 2016) to assess the Widespread Pain Index (up to 19 body areas each counted 

as 1-point), as well as the Symptom Severity Index that queries the presence and severity of 

fatigue, sleep disturbances, memory difficulties (each scored 0-3 for presence and severity), as 

well as irritable bowel, headaches and mood problems (1-point each; total Symptom Severity 

Index Score = 0-12; Figure 2).  The Widespread Pain Index and Symptom Severity Index are 

combined for a total FM score of 0-31.  When employed as a dichotomous measure with a 

┗ariet┞ of さIut poiﾐtsざ that Iaﾐ He used, this ﾏeasure ┘ill roughl┞ ideﾐtif┞ ﾏost of the saﾏe 

individuals as the original tender point-based 1990 FM criteria (except with many more males) 

(Wolfe et al., 2011; Wolfe, Clauw, et al., 2010).  However, when FM is considered more as a 

physiological construct to determine where on the continuum of central sensitization an 

individual is, then this score can be used as a continuous measure (i.e., reflecting the degree of 

fibromyalgianess or central sensitization) that can be useful in the diagnosis and treatment of 

virtually any patient with a rheumatic disorder that is experiencing pain (Wolfe, 2009).   
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------------------------------------------- 

INSERT FIGURE 2 ABOUT HERE 

------------------------------------------- 

 

The FM score was recently shown to be associated with diffuse hyperalgesia on QST in females 

with knee osteoarthritis (Neville et al., In Press), and an index of widespread pain was used to 

identify aberrant brain structure and connectivity in pelvic pain patients with interstitial cystitis 

that was indistinguishable from women with FM (Kutch et al., 2017).  Furthermore, a recent 

fMRI study by Basu and colleagues has shown that perhaps the most consistently-found feature 

of central sensitization in COPCs - increased connectivity between the DMN and the insula - was 

also found to correlate strongly with the degree of FM that is present in individuals with 

rheumatoid arthritis (Basu et al., 2018).  Importantly, these data support the notion that central 

sensitization pathology exists in non-FM pain states, and that tools such as the FM survey 

criteria provide a useful self-report measure of this construct.  

 

In several recent studies, this concept of fibromyalgianess or sub-syndromal FM has been 

shown to be very clinically important.  In these studies by Brummett and colleagues, individuals 

who were scheduled for either lower extremity joint replacement or hysterectomy completed a 

broad-battery of validated self-report measures prior to their surgery.  It was hypothesized that 

higher FM scores on the 2011 FM survey criteria (Wolfe et al., 2011) would predict increased 

opioid requirements in the inpatient admission following surgery, as well as long-term 

postsurgical pain outcomes.  Again, this measure is scored from 0-31, with a score of 13 

typically used as the diagnostic cut-off point for FM.  These studies demonstrated that, for each 

1-point increase in this measure from 0 – 31, individuals needed an adjusted 7 – 9 mg more oral 

morphine equivalents to control their pain in the first 24-48 hours following surgery, and were 

15-20% less likely to show pain improvement following surgery (Brummett et al., 2013; 

Brummett et al., 2015; Janda et al., 2015).  These findings were independent of a number of 

preoperative characteristics, including age, sex, anxiety, depression, catastrophizing, and opioid 

use.  More importantly, these findings were linear, and the same incremental increase in opioid 
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requirements and surgery non-responsiveness was observed both in individuals well below the 

threshold to diagnose FM, and in individuals exceeding this threshold.  Figure 3 shows two 

different individuals with osteoarthritis, neither of whom would meet criteria for FM, but who 

are at different points along the fibromyalgianess continuum, and shows the marked difference 

in opioid responsiveness and improvement in pain following arthroplasty that these two 

individuals would experience.  These data suggest that the degree of central sensitization 

reflected in this measure may help identify individuals in perioperative or other settings who 

are less likely to respond to peripherally-directed treatments such as surgery.   

------------------------------------------- 

INSERT FIGURE 3 ABOUT HERE 

------------------------------------------- 

 

SUMMARY AND CONCLUSION 

As the use of the term central sensitization has expanded over the past several decades, so has 

our understanding of CNS processes that may lead to this phenomenon.  Initially thought to be 

confined to the spinal cord, supraspinal mechanisms are now understood to play a significant 

role in many individuals who have this phenomenon present.  One demarcation that is 

becoming increasingly clear, but has received little attention in the pain field, is how to 

differentiate whether an individual with this process has a problem that is being driven by 

ongoing nociceptive input (i.e., the original use of the term), or whether this process is 

occurring in the absence of a peripheral driver (as seems to be occurring in many individuals 

with COPCs).  Table 1 denotes these two sub-types of central sensitization as bottom-up (i.e., 

being driven by ongoing nociceptive input, and presumably found in individuals with 

autoimmune disorders, sickle cell disease, hypermobility syndromes), or top-down (i.e., where 

the primary problem may very well likely originate in supraspinal structures and does not 

require ongoing nociceptive input to maintain the process).  The Table reviews what we now 

know about these two sub-types, but this is an area that requires much more investigation.  

The clinical reason for differentiating these two sub-types of altered CNS processing of pain 

should be obvious – the bottom-up form should be treated aggressively with interventions 
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aimed at reducing peripheral nociceptive drive, whereas CNS-directed therapies will be 

necessary for the top-down form.  As our understanding of these two subtypes evolves, so 

should our sematic terms, and these authors suggest that the term central sensitization is only 

used to denote the bottom-up form, and a new term (e.g., central hypersensitivity) be used to 

denote the top-down form.  We further propose that, taken together, both forms constitute a 

broader clinical IoﾐstruIt of さIeﾐtralized paiﾐざ that exists as a continuum across individuals 

with chronic pain.  Many individuals with centralized pain are likely to have combinations of 

these two processes, and will need to be treated with both peripherally- and centrally-directed 

therapies. 

------------------------------------------- 

INSERT TABLE 1 ABOUT HERE 

------------------------------------------- 

 

REFERENCES 

 

Aaron, L. A., & Buchwald, D. (2001). A review of the evidence for overlap among unexplained 

clinical conditions. Annals of Internal Medicine, 134(9), 868-881. doi:10.7326/0003-

4819-134-9_Part_2-200105011-00011 

Ablin, J. N., Clauw, D. J., Lyden, A. K., Ambrose, K., Williams, D. A., Gracely, R. H., & Glass, J. M. 

(2013). Effects of sleep restriction and exercise deprivation on somatic symptoms and 

mood in healthy adults. Clin Exp Rheumatol, 31(6 Suppl 79), S53-59.  

Ablin, K., & Clauw, D. J. (2009). From fibrositis to functional somatic syndromes to a bell-shaped 

curve of pain and sensory sensitivity: evolution of a clinical construct. Rheum Dis Clin 

North Am, 35(2), 233-251. doi:10.1016/j.rdc.2009.06.006 

Adler, G. K., Kinsley, B. T., Hurwitz, S., Mossey, C. J., & Goldenberg, D. L. (1999). Reduced 

hypothalamic-pituitary and sympathoadrenal responses to hypoglycemia in women with 

fibromyalgia syndrome. Am J Med, 106(5), 534-543.  

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 23 

 

This article is protected by copyright. All rights reserved 

Anderberg, U. M. (2000). Comment on: Johns and Littlejohn, The role of sex hormones in pain 

response. Pain, 87(1), 109-111.  

Arendt-Nielsen, L. (2015). Central sensitization in humans: assessment and pharmacology. 

Handb Exp Pharmacol, 227, 79-102. doi:10.1007/978-3-662-46450-2_5 

Arendt-Nielsen, L., Nie, H., Laursen, M. B., Laursen, B. S., Madeleine, P., Simonsen, O. H., & 

Graven-Nielsen, T. (2010). Sensitization in patients with painful knee osteoarthritis. Pain, 

149(3), 573-581. doi:10.1016/j.pain.2010.04.003 

Arendt-Nielsen, L., & Yarnitsky, D. (2009). Experimental and clinical applications of quantitative 

sensory testing applied to skin, muscles and viscera. J Pain, 10(6), 556-572. 

doi:10.1016/j.jpain.2009.02.002 

Arnold, L. M., Fan, J., Russell, I. J., Yunus, M. B., Khan, M. A., Kushner, I., . . . Iyengar, S. K. (2013). 

The fibromyalgia family study: a genome-wide linkage scan study. Arthritis Rheum, 

65(4), 1122-1128. doi:10.1002/art.37842 

Arnold, L. M., Hudson, J. I., Hess, E. V., Ware, A. E., Fritz, D. A., Auchenbach, M. B., . . . Keck, P. 

E., Jr. (2004). Family study of fibromyalgia. Arthritis Rheum, 50(3), 944-952. 

doi:10.1002/art.20042 

Arnson, Y., Amital, D., Fostick, L., Silberman, A., Polliack, M. L., Zohar, J., . . . Amital, H. (2007). 

Physical activity protects male patients with post-traumatic stress disorder from 

developing severe fibromyalgia. Clin Exp Rheumatol, 25(4), 529-533.  

As-Sanie, S., Harris, R. E., Harte, S. E., Tu, F. F., Neshewat, G., & Clauw, D. J. (2013). Increased 

pressure pain sensitivity in women with chronic pelvic pain. Obstet Gynecol, 122(5), 

1047-1055. doi:10.1097/AOG.0b013e3182a7e1f5 

Backonja, M. M., Attal, N., Baron, R., Bouhassira, D., Drangholt, M., Dyck, P. J., . . . Ziegler, D. 

(2013). Value of quantitative sensory testing in neurological and pain disorders: 

NeuPSIG consensus. Pain, 154(9), 1807-1819. doi:10.1016/j.pain.2013.05.047 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 24 

 

This article is protected by copyright. All rights reserved 

Bagarinao, E., Johnson, K. A., Martucci, K. T., Ichesco, E., Farmer, M. A., Labus, J., . . . Mackey, S. 

(2014). Preliminary structural MRI based brain classification of chronic pelvic pain: A 

MAPP network study. Pain, 155(12), 2502-2509. doi:10.1016/j.pain.2014.09.002 

Bair, E., Brownstein, N. C., Ohrbach, R., Greenspan, J. D., Dubner, R., Fillingim, R. B., . . . Slade, 

G. D. (2013). Study protocol, sample characteristics, and loss to follow-up: the OPPERA 

prospective cohort study. J Pain, 14(12 Suppl), T2-19. doi:10.1016/j.jpain.2013.06.006 

Bair, E., Ohrbach, R., Fillingim, R. B., Greenspan, J. D., Dubner, R., Diatchenko, L., . . . Slade, G. D. 

(2013). Multivariable modeling of phenotypic risk factors for first-onset TMD: the 

OPPERA prospective cohort study. J Pain, 14(12 Suppl), T102-115. 

doi:10.1016/j.jpain.2013.09.003 

Baraniuk, J. N., Whalen, G., Cunningham, J., & Clauw, D. J. (2004). Cerebrospinal fluid levels of 

opioid peptides in fibromyalgia and chronic low back pain. BMC Musculoskelet Disord, 5, 

48. doi:10.1186/1471-2474-5-48 

Basu, N., Kaplan, C. M., Ichesco, E., Larkin, T., Harris, R. E., Murray, A., . . . Clauw, D. J. (2018). 

Neurobiological features of fibromyalgia are also present among rheumatoid arthritis 

patients. Arthritis Rheumatol. doi:10.1002/art.40451 

Bazzichi, L., Rossi, A., Massimetti, G., Giannaccini, G., Giuliano, T., De Feo, F., . . . Bombardieri, S. 

(2007). Cytokine patterns in fibromyalgia and their correlation with clinical 

manifestations. Clinical and Experimental Rheumatology, 25(2), 225-230.  

Berman, S. M., Naliboff, B. D., Chang, L., Fitzgerald, L., Antolin, T., Camplone, A., & Mayer, E. A. 

(2002). Enhanced preattentive central nervous system reactivity in irritable bowel 

syndrome. Am J Gastroenterol, 97(11), 2791-2797. doi:10.1111/j.1572-

0241.2002.07024.x 

Berna, C., Leknes, S., Holmes, E. A., Edwards, R. R., Goodwin, G. M., & Tracey, I. (2010). 

Induction of depressed mood disrupts emotion regulation neurocircuitry and enhances 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 25 

 

This article is protected by copyright. All rights reserved 

pain unpleasantness. Biological Psychiatry, 67(11), 1083-1090. 

doi:10.1016/j.biopsych.2010.01.014 

Blomhoff, S., Jacobsen, M. B., Spetalen, S., Dahm, A., & Malt, U. F. (2000). Perceptual 

hyperreactivity to auditory stimuli in patients with irritable bowel syndrome. Scand J 

Gastroenterol, 35(6), 583-589.  

Bogdanov, V. B., Vigano, A., Noirhomme, Q., Bogdanova, O. V., Guy, N., Laureys, S., . . . 

Schoenen, J. (2015). Cerebral responses and role of the prefrontal cortex in conditioned 

pain modulation: an fMRI study in healthy subjects. Behavioural brain research, 281, 

187-198. doi:10.1016/j.bbr.2014.11.028 

Brooks, J. C., & Tracey, I. (2007). The insula: a multidimensional integration site for pain. Pain, 

128(1-2), 1-2. doi:10.1016/j.pain.2006.12.025 

Brummett, C., Clauw, D., Harris, R., Harte, S., Hassett, A., & Williams, D. (2016). We agree with 

the need for a new term but disagree with the proposed terms. Pain, 157(12), 2876. 

doi:10.1097/j.pain.0000000000000717 

Brummett, C. M., Bakshi, R. R., Goesling, J., Leung, D., Moser, S. E., Zollars, J. W., . . . Hassett, A. 

L. (2016). Preliminary validation of the Michigan Body Map. Pain, 157(6), 1205-1212. 

doi:10.1097/j.pain.0000000000000506 

Brummett, C. M., Janda, A. M., Schueller, C. M., Tsodikov, A., Morris, M., Williams, D. A., & 

Clauw, D. J. (2013). Survey criteria for fibromyalgia independently predict increased 

postoperative opioid consumption after lower-extremity joint arthroplasty: a 

prospective, observational cohort study. Anesthesiology, 119(6), 1434-1443. 

doi:10.1097/ALN.0b013e3182a8eb1f 

Brummett, C. M., Urquhart, A. G., Hassett, A. L., Tsodikov, A., Hallstrom, B. R., Wood, N. I., . . . 

Clauw, D. J. (2015). Characteristics of fibromyalgia independently predict poorer long-

term analgesic outcomes following total knee and hip arthroplasty. Arthritis Rheumatol, 

67(5), 1386-1394. doi:10.1002/art.39051 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 26 

 

This article is protected by copyright. All rights reserved 

Buskila, D., Atzeni, F., & Sarzi-Puttini, P. (2008). Etiology of fibromyalgia: the possible role of 

infection and vaccination. Autoimmun Rev, 8(1), 41-43. 

doi:10.1016/j.autrev.2008.07.023 

Buskila, D., Neumann, L., Hazanov, I., & Carmi, R. (1996). Familial aggregation in the 

fibromyalgia syndrome. Semin Arthritis Rheum, 26(3), 605-611.  

Buskila, D., Neumann, L., Vaisberg, G., Alkalay, D., & Wolfe, F. (1997). Increased rates of 

fibromyalgia following cervical spine injury. A controlled study of 161 cases of traumatic 

injury [see comments]. Arthritis & Rheumatism, 40(3), 446-452.  

Buskila, D., Sarzi-Puttini, P., & Ablin, J. N. (2007). The genetics of fibromyalgia syndrome. 

Pharmacogenomics, 8(1), 67-74. doi:10.2217/14622416.8.1.67 

Buskila, D., Shnaider, A., Neumann, L., Zilberman, D., Hilzenrat, N., & Sikuler, E. (1997). 

Fibromyalgia in hepatitis C virus infection - Another infectious disease relationship. 

Archives of Internal Medicine, 157(21), 2497-2500. doi:DOI 

10.1001/archinte.157.21.2497 

Caro, X. J., & Winter, E. F. (2015). The Role and Importance of Small Fiber Neuropathy in 

Fibromyalgia Pain. Curr Pain Headache Rep, 19(12), 55. doi:10.1007/s11916-015-0527-7 

Carrillo-de-la-Pena, M. T., Vallet, M., Perez, M. I., & Gomez-Perretta, C. (2006). Intensity 

dependence of auditory-evoked cortical potentials in fibromyalgia patients: a test of the 

generalized hypervigilance hypothesis. J Pain, 7(7), 480-487. 

doi:10.1016/j.jpain.2006.01.452 

Chandler, C. M., Overton, J. S., Ruedi-Bettschen, D., & Platt, D. M. (2017). GABAA Receptor 

Subtype Mechanisms and the Abuse-Related Effects of Ethanol: Genetic and 

Pharmacological Evidence. Handb Exp Pharmacol. doi:10.1007/164_2017_80 

Chastain, G. (2006). Alcohol, neurotransmitter systems, and behavior. J Gen Psychol, 133(4), 

329-335. doi:10.3200/GENP.133.4.329-335 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 27 

 

This article is protected by copyright. All rights reserved 

Cheng, J. C., Erpelding, N., Kucyi, A., DeSouza, D. D., & Davis, K. D. (2015). Individual Differences 

in Temporal Summation of Pain Reflect Pronociceptive and Antinociceptive Brain 

Structure and Function. J Neurosci, 35(26), 9689-9700. doi:10.1523/JNEUROSCI.5039-

14.2015 

Ciampi de Andrade, D., Maschietto, M., Galhardoni, R., Gouveia, G., Chile, T., Victorino 

Krepischi, A. C., . . . Brentani, H. P. (2017). Epigenetics insights into chronic pain: DNA 

hypomethylation in fibromyalgia-a controlled pilot-study. Pain, 158(8), 1473-1480. 

doi:10.1097/j.pain.0000000000000932 

Clauw, D. J. (1995a). Fibromyalgia: more than just a musculoskeletal disease. Am Fam Physician, 

52(3), 843-851, 853-844.  

Clauw, D. J. (1995b). The pathogenesis of chronic pain and fatigue syndromes, with special 

reference to fibromyalgia. Med Hypotheses, 44(5), 369-378.  

Clauw, D. J. (2015). What is the meaning of "small fiber neuropathy" in fibromyalgia? Pain. 

doi:10.1097/j.pain.0000000000000311 

Clauw, D. J., & Chrousos, G. P. (1997). Chronic pain and fatigue syndromes: overlapping clinical 

and neuroendocrine features and potential pathogenic mechanisms. 

Neuroimmunomodulation, 4(3), 134-153. doi:10.1159/000097332 

Clauw, D. J., & Crofford, L. J. (2003). Chronic widespread pain and fibromyalgia: what we know, 

and what we need to know. Best Practice & Research in Clinical Rheumatology, 17(4), 

685-701. doi:10.1016/S1521-6942(03)00035-4 

Clauw, D. J., Schmidt, M., Radulovic, D., Singer, A., Katz, P., & Bresette, J. (1997). The 

relationship between fibromyalgia and interstitial cystitis. Journal of Psychiatric 

Research, 31(1), 125-131. doi:Doi 10.1016/S0022-3956(96)00051-9 

Clauw, D. J., & Witter, J. (2009). Pain and rheumatology: thinking outside the joint. Arthritis 

Rheum, 60(2), 321-324. doi:10.1002/art.24326 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 28 

 

This article is protected by copyright. All rights reserved 

Clemens, J. Q., Mullins, C., Kusek, J. W., Kirkali, Z., Mayer, E. A., Rodriguez, L. V., . . . Group, M. 

R. N. S. (2014). The MAPP research network: a novel study of urologic chronic pelvic 

pain syndromes. BMC Urol, 14, 57. doi:10.1186/1471-2490-14-57 

Cohen, H., Neumann, L., Shore, M., Amir, M., Cassuto, Y., & Buskila, D. (2000). Autonomic 

dysfunction in patients with fibromyalgia: Application of power spectral analysis of heart 

rate variability [see comments]. Seminars in Arthritis and Rheumatism, 29(4), 217-227.  

Cook, D. B., Lange, G., Ciccone, D. S., Liu, W. C., Steffener, J., & Natelson, B. H. (2004a). 

Functional imaging of pain in patients with primary fibromyalgia. J Rheumatol, 31(2), 

364-378. doi:0315162X-31-364 [pii] 

Cook, D. B., Lange, G., Ciccone, D. S., Liu, W. C., Steffener, J., & Natelson, B. H. (2004b). 

Functional imaging of pain in patients with primary fibromyalgia. J Rheumatol., 31(2), 

364-378.  

Craig, A. D. (2002). How do you feel? Interoception: the sense of the physiological condition of 

the body. Nat.Rev.Neurosci., 3(8), 655-666.  

Crofford, L. J. (1998). The hypothalamic-pituitary-adrenal stress axis in fibromyalgia and chronic 

fatigue syndrome. Z Rheumatol, 57 Suppl 2, 67-71.  

Crofford, L. J., Pillemer, S. R., Kalogeras, K. T., Cash, J. M., Michelson, D., Kling, M. A., . . . Wilder, 

R. L. (1994). Hypothalamic-pituitary-adrenal axis perturbations in patients with 

fibromyalgia. Arthritis Rheum, 37(11), 1583-1592.  

Crook, J., Moldofsky, H., & Shannon, H. (1998). Determinants of disability after a work related 

musculetal injury [see comments]. Journal of Rheumatology, 25(8), 1570-1577.  

Cruz-Almeida, Y., & Fillingim, R. B. (2014). Can quantitative sensory testing move us closer to 

mechanism-based pain management? Pain Med, 15(1), 61-72. doi:10.1111/pme.12230 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 29 

 

This article is protected by copyright. All rights reserved 

Darbari, D. S., Ballas, S. K., & Clauw, D. J. (2014). Thinking beyond sickling to better understand 

pain in sickle cell disease. Eur J Haematol, 93(2), 89-95. doi:10.1111/ejh.12340 

Demitrack, M. A., & Crofford, L. J. (1998). Evidence for and pathophysiologic implications of 

hypothalamic-pituitary-adrenal axis dysregulation in fibromyalgia and chronic fatigue 

syndrome. Ann N Y Acad Sci, 840, 684-697.  

DeSantana, J. M., da Cruz, K. M., & Sluka, K. A. (2013). Animal models of fibromyalgia. Arthritis 

Res Ther, 15(6), 222. doi:10.1186/ar4402 

Diatchenko, L., Fillingim, R. B., Smith, S. B., & Maixner, W. (2013). The phenotypic and genetic 

signatures of common musculoskeletal pain conditions. Nat Rev Rheumatol, 9(6), 340-

350. doi:10.1038/nrrheum.2013.43 

Diatchenko, L., Nackley, A. G., Slade, G. D., Bhalang, K., Belfer, I., Max, M. B., . . . Maixner, W. 

(2006). Catechol-O-methyltransferase gene polymorphisms are associated with multiple 

pain-evoking stimuli. Pain, 125(3), 216-224. doi:10.1016/j.pain.2006.05.024 

Dohrenbusch, R., Sodhi, H., Lamprecht, J., & Genth, E. (1997). Fibromyalgia as a disorder of 

perceptual organization? An analysis of acoustic stimulus processing in patients with 

widespread pain. Z Rheumatol, 56(6), 334-341.  

Doppler, K., Rittner, H. L., Deckart, M., & Sommer, C. (2015). Reduced dermal nerve fiber 

diameter in skin biopsies of patients with fibromyalgia. Pain, 156(11), 2319-2325. 

doi:10.1097/j.pain.0000000000000285 

Dougherty, P. M., Palecek, J., Paleckova, V., Sorkin, L. S., & Willis, W. D. (1992). The role of 

NMDA and non-NMDA excitatory amino acid receptors in the excitation of primate 

spinothalamic tract neurons by mechanical, chemical, thermal, and electrical stimuli. J 

Neurosci, 12(8), 3025-3041.  

Edwards, R. R. (2005). Individual differences in endogenous pain modulation as a risk factor for 

chronic pain. Neurology, 65(3), 437-443. doi:10.1212/01.wnl.0000171862.17301.84 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 30 

 

This article is protected by copyright. All rights reserved 

Edwards, R. R., Sarlani, E., Wesselmann, U., & Fillingim, R. B. (2005). Quantitative assessment of 

experimental pain perception: multiple domains of clinical relevance. Pain, 114(3), 315-

319. doi:10.1016/j.pain.2005.01.007 

Epstein, S. A., Kay, G., Clauw, D., Heaton, R., Klein, D., Krupp, L., . . . Zisook, S. (1999). Psychiatric 

disorders in patients with fibromyalgia. A multicenter investigation. Psychosomatics, 

40(1), 57-63. doi:10.1016/S0033-3182(99)71272-7 

Farmer, M. A., Huang, L., Martucci, K., Yang, C. C., Maravilla, K. R., Harris, R. E., . . . Network, M. 

R. (2015). Brain White Matter Abnormalities in Female Interstitial Cystitis/Bladder Pain 

Syndrome: A MAPP Network Neuroimaging Study. J Urol, 194(1), 118-126. 

doi:10.1016/j.juro.2015.02.082 

Fillingim, R. B. (2005). Individual differences in pain responses. Curr Rheumatol Rep, 7(5), 342-

347.  

Fillingim, R. B., Maixner, W., Kincaid, S., Sigurdsson, A., & Harris, M. B. (1996). Pain sensitivity in 

patients with temporomandibular disorders: relationship to clinical and psychosocial 

factors. Clin J Pain, 12(4), 260-269.  

Fillingim, R. B., Slade, G. D., Diatchenko, L., Dubner, R., Greenspan, J. D., Knott, C., . . . Maixner, 

W. (2011). Summary of findings from the OPPERA baseline case-control study: 

implications and future directions. J Pain, 12(11 Suppl), T102-107. 

doi:10.1016/j.jpain.2011.08.009 

Foerster, B. R., Petrou, M., Edden, R. A., Sundgren, P. C., Schmidt-Wilcke, T., Lowe, S. E., . . . 

Harris, R. E. (2012). Reduced insular gamma-aminobutyric acid in fibromyalgia. Arthritis 

Rheum, 64(2), 579-583. doi:10.1002/art.33339 

Fukuda, K., Dobbins, J. G., Wilson, L. J., Dunn, R. A., Wilcox, K., & Smallwood, D. (1997). An 

epidemiologic study of fatigue with relevance for the chronic fatigue syndrome. J 

Psychiatr Res, 31(1), 19-29.  

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 31 

 

This article is protected by copyright. All rights reserved 

Fukuda, K., Nisenbaum, R., Stewart, G., Thompson, W. W., Robin, L., Washko, R. M., . . . Reeves, 

W. C. (1998). Chronic multisymptom illness affecting Air Force veterans of the Gulf War. 

JAMA, 280(11), 981-988.  

Gebhart, G. F. (1986). Modulatory effects of descending systems on spinal dorsal horn neurons. 

In T. L. Yaksh (Ed.), Spinal Afferent Processing (pp. 391-416). New York: Plenum Press. 

(Reprinted from: NOT IN FILE). 

Geisser, M. E., Donnell, C. S., Petzke, F., Gracely, R. H., Clauw, D. J., & Williams, D. A. (2008). 

Comorbid somatic symptoms and functional status in patients with fibromyalgia and 

chronic fatigue syndrome: Sensory amplification as a common mechanism. 

Psychosomatics, 49(3), 235-242. doi:DOI 10.1176/appi.psy.49.3.235 

Geisser, M. E., Glass, J. M., Rajcevska, L. D., Clauw, D. J., Williams, D. A., Kileny, P. R., & Gracely, 

R. H. (2008). A psychophysical study of auditory and pressure sensitivity in patients with 

fibromyalgia and healthy controls. J Pain, 9(5), 417-422. doi:10.1016/j.jpain.2007.12.006 

Gibson, S. J., Littlejohn, G. O., Gorman, M. M., Helme, R. D., & Granges, G. (1994). Altered heat 

pain thresholds and cerebral event-related potentials following painful CO2 laser 

stimulation in subjects with fibromyalgia syndrome. Pain, 58(2), 185-193.  

Giesecke, J., Reed, B. D., Haefner, H. K., Giesecke, T., Clauw, D. J., & Gracely, R. H. (2004). 

Quantitative sensory testing in vulvodynia patients and increased peripheral pressure 

pain sensitivity. Obstet Gynecol, 104(1), 126-133. 

doi:10.1097/01.AOG.0000129238.49397.4e 

Gracely, R. H., Geisser, M. E., Giesecke, T., Grant, M. A., Petzke, F., Williams, D. A., & Clauw, D. J. 

(2004). Pain catastrophizing and neural responses to pain among persons with 

fibromyalgia. Brain, 127(Pt 4), 835-843. doi:10.1093/brain/awh098 

Gracely, R. H., Lynch, S. A., & Bennett, G. J. (1992). Painful neuropathy: altered central 

processing maintained dynamically by peripheral input. Pain, 51(2), 175-194.  

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 32 

 

This article is protected by copyright. All rights reserved 

Gracely, R. H., Petzke, F., Wolf, J. M., & Clauw, D. J. (2002a). Functional magnetic resonance 

imaging evidence of augmented pain processing in fibromyalgia. Arthritis Rheum, 46(5), 

1333-1343. doi:10.1002/art.10225 

Gracely, R. H., Petzke, F., Wolf, J. M., & Clauw, D. J. (2002b). Functional magnetic resonance 

imaging evidence of augmented pain processing in fibromyalgia. Arthritis Rheum., 46(5), 

1333-1343.  

Granges, G., & Littlejohn, G. (1993). Pressure pain threshold in pain-free subjects, in patients 

with chronic regional pain syndromes, and in patients with fibromyalgia syndrome. 

Arthritis Rheum, 36(5), 642-646.  

Granot, M., Weissman-Fogel, I., Crispel, Y., Pud, D., Granovsky, Y., Sprecher, E., & Yarnitsky, D. 

(2008). Determinants of endogenous analgesia magnitude in a diffuse noxious inhibitory 

control (DNIC) paradigm: do conditioning stimulus painfulness, gender and personality 

variables matter? Pain, 136(1-2), 142-149. doi:10.1016/j.pain.2007.06.029 

Graven-Nielsen, T., Aspegren Kendall, S., Henriksson, K. G., Bengtsson, M., Sorensen, J., 

Johnson, A., . . . Arendt-Nielsen, L. (2000). Ketamine reduces muscle pain, temporal 

summation, and referred pain in fibromyalgia patients. Pain, 85(3), 483-491.  

Greenspan, J. D., Slade, G. D., Bair, E., Dubner, R., Fillingim, R. B., Ohrbach, R., . . . Maixner, W. 

(2013). Pain sensitivity and autonomic factors associated with development of TMD: the 

OPPERA prospective cohort study. J Pain, 14(12 Suppl), T63-74 e61-66. 

doi:10.1016/j.jpain.2013.06.007 

Greenspan, J. D., Slade, G. D., Bair, E., Dubner, R., Fillingim, R. B., Ohrbach, R., . . . Maixner, W. 

(2011). Pain sensitivity risk factors for chronic TMD: descriptive data and empirically 

identified domains from the OPPERA case control study. J Pain, 12(11 Suppl), T61-74. 

doi:10.1016/j.jpain.2011.08.006 

Grinberg, K., Granot, M., Lowenstein, L., Abramov, L., & Weissman-Fogel, I. (2017). A common 

pronociceptive pain modulation profile typifying subgroups of chronic pelvic pain 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 33 

 

This article is protected by copyright. All rights reserved 

syndromes is interrelated with enhanced clinical pain. Pain, 158(6), 1021-1029. 

doi:10.1097/j.pain.0000000000000869 

Gur, A., & Oktayoglu, P. (2008). Status of immune mediators in fibromyalgia. Curr Pain 

Headache Rep, 12(3), 175-181.  

Gwilym, S. E., Filippini, N., Douaud, G., Carr, A. J., & Tracey, I. (2010). Thalamic atrophy 

associated with painful osteoarthritis of the hip is reversible after arthroplasty: a 

longitudinal voxel-based morphometric study. Arthritis Rheum, 62(10), 2930-2940. 

doi:10.1002/art.27585 

Gwilym, S. E., Keltner, J. R., Warnaby, C. E., Carr, A. J., Chizh, B., Chessell, I., & Tracey, I. (2009). 

Psychophysical and functional imaging evidence supporting the presence of central 

sensitization in a cohort of osteoarthritis patients. Arthritis Rheum, 61(9), 1226-1234. 

doi:10.1002/art.24837 

Hampson, J. P., Reed, B. D., Clauw, D. J., Bhavsar, R., Gracely, R. H., Haefner, H. K., & Harris, R. E. 

(2013). Augmented central pain processing in vulvodynia. J Pain, 14(6), 579-589. 

doi:10.1016/j.jpain.2013.01.767 

Harper, D. E., Ichesco, E., Schrepf, A., Halvorson, M., Puiu, T., Clauw, D. J., . . . Network, M. R. 

(2018). Relationships between brain metabolite levels, functional connectivity, and 

negative mood in urologic chronic pelvic pain syndrome patients compared to controls: 

A MAPP research network study. Neuroimage Clin, 17, 570-578. 

doi:10.1016/j.nicl.2017.11.014 

Harper, D. E., Ichesco, E., Schrepf, A., Hampson, J. P., Clauw, D. J., Schmidt-Wilcke, T., . . . Harte, 

S. E. (2018). Resting Functional Connectivity of the Periaqueductal Gray Is Associated 

With Normal Inhibition and Pathological Facilitation in Conditioned Pain Modulation. J 

Pain. doi:10.1016/j.jpain.2018.01.001 

Harris, R. E. (2010). Elevated excitatory neurotransmitter levels in the fibromyalgia brain. 

Arthritis Res Ther, 12(5), 141. doi:10.1186/ar3136 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 34 

 

This article is protected by copyright. All rights reserved 

Harris, R. E., & Clauw, D. J. (2006). How do we know that the pain in fibromyalgia is "real"? 

Curr.Pain Headache Rep., 10(6), 403-407.  

Harris, R. E., & Clauw, D. J. (2012). Imaging central neurochemical alterations in chronic pain 

with proton magnetic resonance spectroscopy. Neurosci Lett, 520(2), 192-196. 

doi:10.1016/j.neulet.2012.03.042 

Harris, R. E., Clauw, D. J., Scott, D. J., McLean, S. A., Gracely, R. H., & Zubieta, J. K. (2007). 

Decreased central mu-opioid receptor availability in fibromyalgia. J Neurosci, 27(37), 

10000-10006. doi:10.1523/JNEUROSCI.2849-07.2007 

Harris, R. E., Napadow, V., Huggins, J. P., Pauer, L., Kim, J., Hampson, J., . . . Clauw, D. J. (2013). 

Pregabalin rectifies aberrant brain chemistry, connectivity, and functional response in 

chronic pain patients. Anesthesiology, 119(6), 1453-1464. 

doi:10.1097/ALN.0000000000000017 

Harris, R. E., Sundgren, P. C., Craig, A. D., Kirshenbaum, E., Sen, A., Napadow, V., & Clauw, D. J. 

(2009). Elevated insular glutamate in fibromyalgia is associated with experimental pain. 

Arthritis Rheum, 60(10), 3146-3152. doi:10.1002/art.24849 

Harte, S. E., Clauw, D. J., Hayes, J. M., Feldman, E. L., St Charles, I. C., & Watson, C. J. (2017). 

Reduced intraepidermal nerve fiber density after a sustained increase in insular 

glutamate: a proof-of-concept study examining the pathogenesis of small fiber 

pathology in fibromyalgia. Pain Rep, 2(3), e590. doi:10.1097/PR9.0000000000000590 

Harte, S. E., Clauw, D. J., Napadow, V., & Harris, R. E. (2013). Pressure Pain Sensitivity and 

Insular Combined Glutamate and Glutamine (Glx) Are Associated with Subsequent 

Clinical Response to Sham But Not Traditional Acupuncture in Patients Who Have 

Chronic Pain. Med Acupunct, 25(2), 154-160. doi:10.1089/acu.2013.0965 

Harte, S. E., Ichesco, E., Hampson, J. P., Peltier, S. J., Schmidt-Wilcke, T., Clauw, D. J., & Harris, R. 

E. (2016). Pharmacologic attenuation of cross-modal sensory augmentation within the 

chronic pain insula. Pain, 157(9), 1933-1945. doi:10.1097/j.pain.0000000000000593 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 35 

 

This article is protected by copyright. All rights reserved 

Henry, N. L., & Clauw, D. J. (2012). Thinking beyond the tumor to better understand chronic 

symptoms in breast cancer survivors. Breast Cancer Res Treat, 133(2), 413-416. 

doi:10.1007/s10549-011-1804-8 

Hermans, L., Calders, P., Van Oosterwijck, J., Verschelde, E., Bertel, E., & Meeus, M. (2016). An 

Overview of Offset Analgesia and the Comparison with Conditioned Pain Modulation: A 

Systematic Literature Review. Pain Physician, 19(6), 307-326.  

Hollins, M., Harper, D., Gallagher, S., Owings, E. W., Lim, P. F., Miller, V., . . . Maixner, W. (2009). 

Perceived intensity and unpleasantness of cutaneous and auditory stimuli: an evaluation 

of the generalized hypervigilance hypothesis. Pain, 141(3), 215-221. 

doi:10.1016/j.pain.2008.10.003 

Hudson, J. I., Goldenberg, D. L., Pope, H. G., Jr., Keck, P. E., Jr., & Schlesinger, L. (1992). 

Comorbidity of fibromyalgia with medical and psychiatric disorders. Am J Med, 92(4), 

363-367.  

Hudson, J. I., Hudson, M. S., Pliner, L. F., Goldenberg, D. L., & Pope, H. G., Jr. (1985). 

Fibromyalgia and major affective disorder: a controlled phenomenology and family 

history study. Am J Psychiatry, 142(4), 441-446. doi:10.1176/ajp.142.4.441 

Hudson, J. I., & Pope, H. G. (1994). The concept of affective spectrum disorder: relationship to 

fibromyalgia and other syndromes of chronic fatigue and chronic muscle pain. Baillieres 

Clin Rheumatol, 8(4), 839-856.  

Ichesco, E., Schmidt-Wilcke, T., Bhavsar, R., Clauw, D. J., Peltier, S. J., Kim, J., . . . Harris, R. E. 

(2014). Altered resting state connectivity of the insular cortex in individuals with 

fibromyalgia. J Pain, 15(8), 815-826 e811. doi:10.1016/j.jpain.2014.04.007 

Izumi, M., Petersen, K. K., Laursen, M. B., Arendt-Nielsen, L., & Graven-Nielsen, T. (2017). 

Facilitated temporal summation of pain correlates with clinical pain intensity after hip 

arthroplasty. Pain, 158(2), 323-332. doi:10.1097/j.pain.0000000000000764 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 36 

 

This article is protected by copyright. All rights reserved 

Janda, A. M., As-Sanie, S., Rajala, B., Tsodikov, A., Moser, S. E., Clauw, D. J., & Brummett, C. M. 

(2015). Fibromyalgia survey criteria are associated with increased postoperative opioid 

consumption in women undergoing hysterectomy. Anesthesiology, 122(5), 1103-1111. 

doi:10.1097/ALN.0000000000000637 

Jensen, K. B., Kosek, E., Petzke, F., Carville, S., Fransson, P., Marcus, H., . . . Ingvar, M. (2009). 

Evidence of dysfunctional pain inhibition in Fibromyalgia reflected in rACC during 

provoked pain. Pain, 144(1-2), 95-100. doi:10.1016/j.pain.2009.03.018 

Jensen, K. B., Loitoile, R., Kosek, E., Petzke, F., Carville, S., Fransson, P., . . . Kong, J. (2012). 

Patients with fibromyalgia display less functional connectivity in the brain's pain 

inhibitory network. Mol Pain, 8, 32. doi:10.1186/1744-8069-8-32 

Jensen, R., Rasmussen, B. K., Pedersen, B., Lous, I., & Olesen, J. (1992). Cephalic muscle 

tenderness and pressure pain threshold in a general population. Pain, 48(2), 197-203.  

Jensen, R., Rasmussen, B. K., Pedersen, B., & Olesen, J. (1993). Muscle tenderness and pressure 

pain thresholds in headache. A population study. Pain, 52(2), 193-199.  

Jensen, T. S., & Yaksh, T. L. (1992). Brainstem excitatory amino acid receptors in nociception: 

microinjection mapping and pharmacological characterization of glutamate-sensitive 

sites in the brainstem associated with algogenic behavior. Neuroscience, 46(3), 535-547.  

Julien, N., Goffaux, P., Arsenault, P., & Marchand, S. (2005). Widespread pain in fibromyalgia is 

related to a deficit of endogenous pain inhibition. Pain, 114(1-2), 295-302. 

doi:10.1016/j.pain.2004.12.032 

Kato, K., Sullivan, P. F., Evengard, B., & Pedersen, N. L. (2006). Importance of genetic influences 

on chronic widespread pain. Arthritis Rheum, 54(5), 1682-1686. doi:10.1002/art.21798 

Kato, K., Sullivan, P. F., Evengard, B., & Pedersen, N. L. (2009). A population-based twin study of 

functional somatic syndromes. Psychol Med, 39(3), 497-505. 

doi:10.1017/S0033291708003784 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 37 

 

This article is protected by copyright. All rights reserved 

Kim, C. H., Vincent, A., Clauw, D. J., Luedtke, C. A., Thompson, J. M., Schneekloth, T. D., & Oh, T. 

H. (2013). Association between alcohol consumption and symptom severity and quality 

of life in patients with fibromyalgia. Arthritis Res Ther, 15(2), R42. doi:10.1186/ar4200 

Kim, S. H., Kim, D. H., Oh, D. H., & Clauw, D. J. (2008). Characteristic electron microscopic 

findings in the skin of patients with fibromyalgia: preliminary study. Clin Rheumatol, 

27(2), 219-223. doi:10.1007/s10067-007-0739-2 

Kleinbohl, D., Holzl, R., Moltner, A., Rommel, C., Weber, C., & Osswald, P. M. (1999). 

Psychophysical measures of sensitization to tonic heat discriminate chronic pain 

patients. Pain, 81(1-2), 35-43. doi:http://dx.doi.org/10.1016/S0304-3959(98)00266-8 

Kosek, E., Cohen, M., Baron, R., Gebhart, G. F., Mico, J. A., Rice, A. S., . . . Sluka, A. K. (2016). Do 

we need a third mechanistic descriptor for chronic pain states? Pain, 157(7), 1382-1386. 

doi:10.1097/j.pain.0000000000000507 

Kosek, E., Ekholm, J., & Hansson, P. (1995). Increased pressure pain sensibility in fibromyalgia 

patients is located deep to the skin but not restricted to muscle tissue. Pain, 63(3), 335-

339.  

Kosek, E., & Ordeberg, G. (2000). Lack of pressure pain modulation by heterotopic noxious 

conditioning stimulation in patients with painful osteoarthritis before, but not following, 

surgical pain relief. Pain, 88(1), 69-78.  

Kutch, J. J., Ichesco, E., Hampson, J. P., Labus, J. S., Farmer, M. A., Martucci, K. T., . . . Network, 

M. R. (2017). Brain signature and functional impact of centralized pain: a 

multidisciplinary approach to the study of chronic pelvic pain (MAPP) network study. 

Pain, 158(10), 1979-1991. doi:10.1097/j.pain.0000000000001001 

Le Bars, D., Dickenson, A. H., & Besson, J. M. (1979). Diffuse noxious inhibitory controls (DNIC). 

I. Effects on dorsal horn convergent neurones in the rat. Pain, 6(3), 283-304.  

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

http://dx.doi.org/10.1016/S0304-3959(98)00266-8


Neurobiology of Central Sensitization 38 

 

This article is protected by copyright. All rights reserved 

Leffler, A. S., Hansson, P., & Kosek, E. (2002). Somatosensory perception in a remote pain-free 

area and function of diffuse noxious inhibitory controls (DNIC) in patients suffering from 

long-term trapezius myalgia. Eur J Pain, 6(2), 149-159. doi:10.1053/eujp.2001.0312 

Levine, T. D., & Saperstein, D. S. (2015). Routine use of punch biopsy to diagnose small fiber 

neuropathy in fibromyalgia patients. Clin Rheumatol, 34(3), 413-417. 

doi:10.1007/s10067-014-2850-5 

Levitt, A. E., Galor, A., Chowdhury, A. R., Felix, E. R., Sarantopoulos, C. D., Zhuang, G. Y., . . . 

Levitt, R. C. (2017). Evidence that Dry Eye Represents a Chronic Overlapping Pain 

Condition. Mol Pain, 13, 1744806917729306. doi:10.1177/1744806917729306 

Lewis, G. N., Rice, D. A., & McNair, P. J. (2012). Conditioned pain modulation in populations 

with chronic pain: a systematic review and meta-analysis. J Pain, 13(10), 936-944. 

doi:10.1016/j.jpain.2012.07.005 

Lewis, J. D., Wassermann, E. M., Chao, W., Ramage, A. E., Robin, D. A., & Clauw, D. J. (2012). 

Central sensitization as a component of post-deployment syndrome. 

NeuroRehabilitation, 31(4), 367-372. doi:10.3233/NRE-2012-00805 

Loggia, M. L., Kim, J., Gollub, R. L., Vangel, M. G., Kirsch, I., Kong, J., . . . Napadow, V. (2013). 

Default mode network connectivity encodes clinical pain: an arterial spin labeling study. 

Pain, 154(1), 24-33. doi:10.1016/j.pain.2012.07.029 

Lopez-Sola, M., Pujol, J., Wager, T. D., Garcia-Fontanals, A., Blanco-Hinojo, L., Garcia-Blanco, S., . 

. . Deus, J. (2014). Altered functional magnetic resonance imaging responses to 

nonpainful sensory stimulation in fibromyalgia patients. Arthritis Rheumatol, 66(11), 

3200-3209. doi:10.1002/art.38781 

Lopez-Sola, M., Woo, C. W., Pujol, J., Deus, J., Harrison, B. J., Monfort, J., & Wager, T. D. (2017). 

Towards a neurophysiological signature for fibromyalgia. Pain, 158(1), 34-47. 

doi:10.1097/j.pain.0000000000000707 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 39 

 

This article is protected by copyright. All rights reserved 

Mahomedy, M. C., Downing, J. W., Jeal, D. E., & Coleman, A. J. (1976). Anaesthetic induction for 

Caesarean section with propanidid. Anaesthesia, 31(2), 205-211.  

Maixner, W., Fillingim, R., Sigurdsson, A., Kincaid, S., & Silva, S. (1998). Sensitivity of patients 

with painful temporomandibular disorders to experimentally evoked pain: evidence for 

altered temporal summation of pain. Pain, 76(1-2), 71-81.  

Maixner, W., Fillingim, R. B., Williams, D. A., Smith, S. B., & Slade, G. D. (2016). Overlapping 

Chronic Pain Conditions: Implications for Diagnosis and Classification. J Pain, 17(9 

Suppl), T93-T107. doi:10.1016/j.jpain.2016.06.002 

Maneuf, Y. P., Hughes, J., & McKnight, A. T. (2001). Gabapentin inhibits the substance P-

facilitated K(+)-evoked release of [(3)H]glutamate from rat caudial trigeminal nucleus 

slices. Pain, 93(2), 191-196.  

Martenson, M. E., Halawa, O. I., Tonsfeldt, K. J., Maxwell, C. A., Hammack, N., Mist, S. D., . . . 

Heinricher, M. M. (2016). A possible neural mechanism for photosensitivity in chronic 

pain. Pain, 157(4), 868-878. doi:10.1097/j.pain.0000000000000450 

Martinez-Lavin, M., Hermosillo, A. G., Rosas, M., & Soto, M. E. (1998). Circadian studies of 

autonomic nervous balance in patients with fibromyalgia: a heart rate variability 

analysis. Arthritis Rheum, 41(11), 1966-1971. doi:10.1002/1529-

0131(199811)41:11<1966::AID-ART11>3.0.CO;2-O 

McDermid, A. J., Rollman, G. B., & McCain, G. A. (1996). Generalized hypervigilance in 

fibromyalgia: evidence of perceptual amplification. Pain, 66(2-3), 133-144.  

McLean, S. A., & Clauw, D. J. (2004). Predicting chronic symptoms after an acute "stressor"--

lessons learned from 3 medical conditions. Med Hypotheses, 63(4), 653-658. 

doi:10.1016/j.mehy.2004.03.022 

McLean, S. A., Diatchenko, L., Lee, Y. M., Swor, R. A., Domeier, R. M., Jones, J. S., . . . Liberzon, I. 

(2011). Catechol O-methyltransferase haplotype predicts immediate musculoskeletal 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 40 

 

This article is protected by copyright. All rights reserved 

neck pain and psychological symptoms after motor vehicle collision. J Pain, 12(1), 101-

107. doi:10.1016/j.jpain.2010.05.008 

McLean, S. A., Williams, D. A., Harris, R. E., Kop, W. J., Groner, K. H., Ambrose, K., . . . Clauw, D. 

J. (2005). Momentary relationship between cortisol secretion and symptoms in patients 

with fibromyalgia. Arthritis Rheum, 52(11), 3660-3669. doi:10.1002/art.21372 

McLean, S. A., Williams, D. A., Stein, P. K., Harris, R. E., Lyden, A. K., Whalen, G., . . . Clauw, D. J. 

(2006). Cerebrospinal fluid corticotropin-releasing factor concentration is associated 

with pain but not fatigue symptoms in patients with fibromyalgia. 

Neuropsychopharmacology : official publication of the American College of 

Neuropsychopharmacology, 31(12), 2776-2782. doi:10.1038/sj.npp.1301200 

Mertz, H., Naliboff, B., Munakata, J., Niazi, N., & Mayer, E. A. (1995). Altered Rectal Perception 

Is a Biological Marker of Patients with Irritable-Bowel-Syndrome. Gastroenterology, 

109(1), 40-52. doi:Doi 10.1016/0016-5085(95)90267-8 

Moldofsky, H. (2010). Rheumatic manifestations of sleep disorders. Curr Opin Rheumatol, 22(1), 

59-63. doi:10.1097/BOR.0b013e328333b9cc 

Moldofsky, H., Saskin, P., & Lue, F. A. (1988). Sleep and symptoms in fibrositis syndrome after a 

febrile illness. J Rheumatol, 15(11), 1701-1704.  

Naliboff, B. D., Derbyshire, S. W., Munakata, J., Berman, S., Mandelkern, M., Chang, L., & 

Mayer, E. A. (2001). Cerebral activation in patients with irritable bowel syndrome and 

control subjects during rectosigmoid stimulation. Psychosom Med, 63(3), 365-375.  

Napadow, V., Kim, J., Clauw, D. J., & Harris, R. E. (2012). Decreased intrinsic brain connectivity is 

associated with reduced clinical pain in fibromyalgia. Arthritis Rheum, 64(7), 2398-2403. 

doi:10.1002/art.34412 A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 41 

 

This article is protected by copyright. All rights reserved 

Napadow, V., LaCount, L., Park, K., As-Sanie, S., Clauw, D. J., & Harris, R. E. (2010). Intrinsic brain 

connectivity in fibromyalgia is associated with chronic pain intensity. Arthritis Rheum, 

62(8), 2545-2555. doi:10.1002/art.27497 

Neddermeyer, T. J., Fluhr, K., & Lotsch, J. (2008). Principle components analysis of pain 

thresholds to thermal, electrical, and mechanical stimuli suggests a predominant 

common source of variance. Pain, 138(2), 286-291. doi:10.1016/j.pain.2007.12.015 

Neville, S. J., Clauw, A., Moser, S. E., Urquhart, A. G., Clauw, D. J., Brummett, C. M., & Harte, S. 

E. (In Press). Association between the 2011 fibromyalgia survey criteria and multisite 

pain sensitivity. Clin J Pain.  

Nielsen, C. S., Staud, R., & Price, D. D. (2009). Individual differences in pain sensitivity: 

measurement, causation, and consequences. J Pain, 10(3), 231-237. 

doi:10.1016/j.jpain.2008.09.010 

Nir, R. R., & Yarnitsky, D. (2015). Conditioned pain modulation. Curr Opin Support Palliat Care, 

9(2), 131-137. doi:10.1097/SPC.0000000000000126 

Oaklander, A. L., Herzog, Z. D., Downs, H. M., & Klein, M. M. (2013). Objective evidence that 

small-fiber polyneuropathy underlies some illnesses currently labeled as fibromyalgia. 

Pain, 154(11), 2310-2316. doi:10.1016/j.pain.2013.06.001 

Oudejans, L. C., Smit, J. M., van Velzen, M., Dahan, A., & Niesters, M. (2015). The influence of 

offset analgesia on the onset and offset of pain in patients with fibromyalgia. Pain, 

156(12), 2521-2527. doi:10.1097/j.pain.0000000000000321 

Persson, J., Axelsson, G., Hallin, R. G., & Gustafsson, L. L. (1995). Beneficial effects of ketamine 

in a chronic pain state with allodynia, possibly due to central sensitization. Pain, 60(2), 

217-222.  

Petersen, K. K., Arendt-Nielsen, L., Simonsen, O., Wilder-Smith, O., & Laursen, M. B. (2015). 

Presurgical assessment of temporal summation of pain predicts the development of 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 42 

 

This article is protected by copyright. All rights reserved 

chronic postoperative pain 12 months after total knee replacement. Pain, 156(1), 55-61. 

doi:10.1016/j.pain.0000000000000022 

Petersen, K. K., Graven-Nielsen, T., Simonsen, O., Laursen, M. B., & Arendt-Nielsen, L. (2016). 

Preoperative pain mechanisms assessed by cuff algometry are associated with chronic 

postoperative pain relief after total knee replacement. Pain, 157(7), 1400-1406. 

doi:10.1097/j.pain.0000000000000531 

Petzke, F., Harris, R. E., Williams, D. A., Clauw, D. J., & Gracely, R. H. (2005). Differences in 

unpleasantness induced by experimental pressure pain between patients with 

fibromyalgia and healthy controls. Eur J Pain, 9(3), 325-335. 

doi:10.1016/j.ejpain.2004.09.001 

Pfau, D. B., Geber, C., Birklein, F., & Treede, R. D. (2012). Quantitative sensory testing of 

neuropathic pain patients: potential mechanistic and therapeutic implications. Curr Pain 

Headache Rep, 16(3), 199-206. doi:10.1007/s11916-012-0261-3 

Phillips, K., & Clauw, D. J. (2013). Central pain mechanisms in the rheumatic diseases: future 

directions. Arthritis Rheum, 65(2), 291-302. doi:10.1002/art.37739 

Piche, M., Arsenault, M., & Rainville, P. (2009). Cerebral and cerebrospinal processes underlying 

counterirritation analgesia. J Neurosci, 29(45), 14236-14246. 

doi:10.1523/JNEUROSCI.2341-09.2009 

Pierce, A. N., & Christianson, J. A. (2015). Stress and chronic pelvic pain. Prog Mol Biol Transl Sci, 

131, 509-535. doi:10.1016/bs.pmbts.2014.11.009 

Ploner, M., Lee, M. C., Wiech, K., Bingel, U., & Tracey, I. (2010). Prestimulus functional 

connectivity determines pain perception in humans. Proceedings of the National 

Academy of Sciences of the United States of America, 107(1), 355-360. 

doi:10.1073/pnas.0906186106 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 43 

 

This article is protected by copyright. All rights reserved 

Potvin, S., & Marchand, S. (2016). Pain facilitation and pain inhibition during conditioned pain 

modulation in fibromyalgia and in healthy controls. Pain, 157(8), 1704-1710. 

doi:10.1097/j.pain.0000000000000573 

Price, D. D., Mao, J., Frenk, H., & Mayer, D. J. (1994). The N-methyl-D-aspartate receptor 

antagonist dextromethorphan selectively reduces temporal summation of second pain 

in man. Pain, 59(2), 165-174.  

Price, D. D., Staud, R., Robinson, M. E., Mauderli, A. P., Cannon, R., & Vierck, C. J. (2002). 

Enhanced temporal summation of second pain and its central modulation in 

fibromyalgia patients. Pain, 99(1-2), 49-59.  

Pyke, T. L., Osmotherly, P. G., & Baines, S. (2017). Measuring Glutamate Levels in the Brains of 

Fibromyalgia Patients and a Potential Role for Glutamate in the Pathophysiology of 

Fibromyalgia Symptoms: A Systematic Review. Clin J Pain, 33(10), 944-954. 

doi:10.1097/AJP.0000000000000474 

Qiao, Z. G., Vaeroy, H., & Morkrid, L. (1991). Electrodermal and microcirculatory activity in 

patients with fibromyalgia during baseline, acoustic stimulation and cold pressor tests. J 

Rheumatol, 18(9), 1383-1389.  

Russell, I. J., Holman, A. J., Swick, T. J., Alvarez-Horine, S., Wang, Y. G., Guinta, D., & Sodium 

Oxybate, F. M. S. G. (2011). Sodium oxybate reduces pain, fatigue, and sleep disturbance 

and improves functionality in fibromyalgia: results from a 14-week, randomized, double-

blind, placebo-controlled study. Pain, 152(5), 1007-1017. 

doi:10.1016/j.pain.2010.12.022 

Sarchielli, P., Di Filippo, M., Nardi, K., & Calabresi, P. (2007). Sensitization, glutamate, and the 

link between migraine and fibromyalgia. Curr.Pain Headache Rep., 11(5), 343-351.  

Sarlani, E., Grace, E. G., Reynolds, M. A., & Greenspan, J. D. (2004). Evidence for up-regulated 

central nociceptive processing in patients with masticatory myofascial pain. J Orofac 

Pain, 18(1), 41-55.  

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 44 

 

This article is protected by copyright. All rights reserved 

Schmidt-Wilcke, T., Ichesco, E., Hampson, J. P., Kairys, A., Peltier, S., Harte, S., . . . Harris, R. E. 

(2014). Resting state connectivity correlates with drug and placebo response in 

fibromyalgia patients. Neuroimage Clin, 6, 252-261. doi:10.1016/j.nicl.2014.09.007 

Schoen, C. J., Ablin, J. N., Ichesco, E., Bhavsar, R. J., Kochlefl, L., Harris, R. E., . . . Harte, S. E. 

(2016). A novel paradigm to evaluate conditioned pain modulation in fibromyalgia. J 

Pain Res, 9, 711-719. doi:10.2147/JPR.S115193 

Schrepf, A., Bradley, C. S., O'Donnell, M., Luo, Y., Harte, S. E., Kreder, K., . . . Multidisciplinary 

Approach to the Study of Chronic Pelvic Pain Research, N. (2015). Toll-like receptor 4 

and comorbid pain in Interstitial Cystitis/Bladder Pain Syndrome: a multidisciplinary 

approach to the study of chronic pelvic pain research network study. Brain Behav 

Immun, 49, 66-74. doi:10.1016/j.bbi.2015.03.003 

Schrepf, A., Harper, D. E., Harte, S. E., Wang, H., Ichesco, E., Hampson, J. P., . . . Harris, R. E. 

(2016). Endogenous opioidergic dysregulation of pain in fibromyalgia: a PET and fMRI 

study. Pain, 157(10), 2217-2225. doi:10.1097/j.pain.0000000000000633 

Schrepf, A., Harte, S. E., Miller, N., Fowler, C., Nay, C., Williams, D. A., . . . Rothberg, A. (2017). 

Improvement in the Spatial Distribution of Pain, Somatic Symptoms, and Depression 

After a Weight Loss Intervention. J Pain, 18(12), 1542-1550. 

doi:10.1016/j.jpain.2017.08.004 

Schweinhardt, P., Sauro, K. M., & Bushnell, M. C. (2008). Fibromyalgia: a disorder of the brain? 

Neuroscientist, 14(5), 415-421. doi:10.1177/1073858407312521 

Scott, J. R., Hassett, A. L., Schrepf, A. D., Brummett, C. M., Harris, R. E., Clauw, D. J., & Harte, S. 

E. (2018). Moderate Alcohol Consumption Is Associated with Reduced Pain and 

Fibromyalgia Symptoms in Chronic Pain Patients. Pain Med. doi:10.1093/pm/pny032 

Serra, J., Collado, A., Sola, R., Antonelli, F., Torres, X., Salgueiro, M., . . . Bostock, H. (2014). 

Hyperexcitable C nociceptors in fibromyalgia. Ann Neurol, 75(2), 196-208. 

doi:10.1002/ana.24065 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 45 

 

This article is protected by copyright. All rights reserved 

Skou, S. T., Graven-Nielsen, T., Rasmussen, S., Simonsen, O. H., Laursen, M. B., & Arendt-

Nielsen, L. (2013). Widespread sensitization in patients with chronic pain after revision 

total knee arthroplasty. Pain, 154(9), 1588-1594. doi:10.1016/j.pain.2013.04.033 

Sluka, K. A. (2009). Is it possible to develop an animal model of fibromyalgia? Pain, 146(1-2), 3-

4. doi:10.1016/j.pain.2009.07.032 

Sluka, K. A., & Clauw, D. J. (2016). Neurobiology of fibromyalgia and chronic widespread pain. 

Neuroscience, 338, 114-129. doi:10.1016/j.neuroscience.2016.06.006 

Sluka, K. A., Kalra, A., & Moore, S. A. (2001). Unilateral intramuscular injections of acidic saline 

produce a bilateral, long-lasting hyperalgesia. Muscle Nerve, 24(1), 37-46.  

Sluka, K. A., & Westlund, K. N. (1992). An experimental arthritis in rats: dorsal horn aspartate 

and glutamate increases. Neurosci Lett, 145(2), 141-144. doi:Doi 10.1016/0304-

3940(92)90006-S 

Smallwood, R. F., Laird, A. R., Ramage, A. E., Parkinson, A. L., Lewis, J., Clauw, D. J., . . . Robin, D. 

A. (2013). Structural brain anomalies and chronic pain: a quantitative meta-analysis of 

gray matter volume. J Pain, 14(7), 663-675. doi:10.1016/j.jpain.2013.03.001 

Smith, S. B., Maixner, D. W., Fillingim, R. B., Slade, G., Gracely, R. H., Ambrose, K., . . . 

Diatchenko, L. (2012). Large candidate gene association study reveals genetic risk 

factors and therapeutic targets for fibromyalgia. Arthritis Rheum, 64(2), 584-593. 

doi:10.1002/art.33338 

Sorensen, J., Bengtsson, A., Backman, E., Henriksson, K. G., & Bengtsson, M. (1995). Pain 

analysis in patients with fibromyalgia. Effects of intravenous morphine, lidocaine, and 

ketamine. Scand J Rheumatol, 24(6), 360-365.  

Sprenger, C., Bingel, U., & Buchel, C. (2011). Treating pain with pain: supraspinal mechanisms of 

endogenous analgesia elicited by heterotopic noxious conditioning stimulation. Pain, 

152(2), 428-439. doi:10.1016/j.pain.2010.11.018 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 46 

 

This article is protected by copyright. All rights reserved 

Staud, R., Craggs, J. G., Perlstein, W. M., Robinson, M. E., & Price, D. D. (2008). Brain activity 

associated with slow temporal summation of C-fiber evoked pain in fibromyalgia 

patients and healthy controls. Eur J Pain, 12(8), 1078-1089. 

doi:10.1016/j.ejpain.2008.02.002 

Staud, R., Koo, E., Robinson, M. E., & Price, D. D. (2007). Spatial summation of mechanically 

evoked muscle pain and painful aftersensations in normal subjects and fibromyalgia 

patients. Pain, 130(1-2), 177-187. doi:10.1016/j.pain.2007.03.015 

Staud, R., Vierck, C. J., Cannon, R. L., Mauderli, A. P., & Price, D. D. (2001). Abnormal 

sensitization and temporal summation of second pain (wind-up) in patients with 

fibromyalgia syndrome. Pain, 91(1-2), 165-175.  

Staud, R., Weyl, E. E., Bartley, E., Price, D. D., & Robinson, M. E. (2014). Analgesic and anti-

hyperalgesic effects of muscle injections with lidocaine or saline in patients with 

fibromyalgia syndrome. Eur J Pain, 18(6), 803-812. doi:10.1002/j.1532-

2149.2013.00422.x 

Suarez-Roca, H., Silva, J. A., Arcaya, J. L., Quintero, L., Maixner, W., & Pinerua-Shuhaibar, L. 

(2006). Role of mu-opioid and NMDA receptors in the development and maintenance of 

repeated swim stress-induced thermal hyperalgesia. Behavioural brain research, 167(2), 

205-211. doi:10.1016/j.bbr.2005.09.006 

Taguchi, T., Katanosaka, K., Yasui, M., Hayashi, K., Yamashita, M., Wakatsuki, K., . . . Mizumura, 

K. (2015). Peripheral and spinal mechanisms of nociception in a rat reserpine-induced 

pain model. Pain, 156(3), 415-427. doi:10.1097/01.j.pain.0000460334.49525.5e 

Tracey, I., & Bushnell, M. C. (2009). How neuroimaging studies have challenged us to rethink: is 

chronic pain a disease? J Pain, 10(11), 1113-1120.  

Treede, R. D., Davis, K. D., Campbell, J. N., & Raja, S. N. (1992). The plasticity of cutaneous 

hyperalgesia during sympathetic ganglion blockade in patients with neuropathic pain. 

Brain, 115 ( Pt 2), 607-621.  

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 47 

 

This article is protected by copyright. All rights reserved 

Uceyler, N., Zeller, D., Kahn, A. K., Kewenig, S., Kittel-Schneider, S., Schmid, A., . . . Sommer, C. 

(2013). Small fibre pathology in patients with fibromyalgia syndrome. Brain, 136(Pt 6), 

1857-1867. doi:10.1093/brain/awt053 

Vaegter, H. B., & Graven-Nielsen, T. (2016). Pain modulatory phenotypes differentiate 

subgroups with different clinical and experimental pain sensitivity. Pain, 157(7), 1480-

1488. doi:10.1097/j.pain.0000000000000543 

Wager, T. D., Atlas, L. Y., Lindquist, M. A., Roy, M., Woo, C. W., & Kross, E. (2013). An fMRI-

based neurologic signature of physical pain. N Engl J Med, 368(15), 1388-1397. 

doi:10.1056/NEJMoa1204471 

Wallace, D., Bowman, R. L., Wormsley, S. B., & Peter, J. B. (1989). Cytokines and immune 

regulation in patients with fibrositis [letter] [published erratum appears in Arthritis 

Rheum 1989 Dec;32(12):1607]. Arthritis Rheum., 32(10), 1334-1335.  

Warren, J. W., Howard, F. M., Cross, R. K., Good, J. L., Weissman, M. M., Wesselmann, U., . . . 

Clauw, D. J. (2009). Antecedent nonbladder syndromes in case-control study of 

interstitial cystitis/painful bladder syndrome. Urology, 73(1), 52-57. 

doi:10.1016/j.urology.2008.06.031 

Watson, C. J. (2016). Insular balance of glutamatergic and GABAergic signaling modulates pain 

processing. Pain, 157(10), 2194-2207. doi:10.1097/j.pain.0000000000000615 

Weissman-Fogel, I., Granovsky, Y., Crispel, Y., Ben-Nun, A., Best, L. A., Yarnitsky, D., & Granot, 

M. (2009). Enhanced presurgical pain temporal summation response predicts post-

thoracotomy pain intensity during the acute postoperative phase. J Pain, 10(6), 628-636. 

doi:10.1016/j.jpain.2008.12.009 

Whitehead, W. E., Holtkotter, B., Enck, P., Hoelzl, R., Holmes, K. D., Anthony, J., . . . Schuster, M. 

M. (1990). Tolerance for rectosigmoid distention in irritable bowel syndrome. 

Gastroenterology, 98(5 Pt 1), 1187-1192.  

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 48 

 

This article is protected by copyright. All rights reserved 

Wilbarger, J. L., & Cook, D. B. (2011). Multisensory hypersensitivity in women with fibromyalgia: 

implications for well being and intervention. Arch Phys Med Rehabil, 92(4), 653-656. 

doi:10.1016/j.apmr.2010.10.029 

Wilder-Smith, C. H., & Robert-Yap, J. (2007). Abnormal endogenous pain modulation and 

somatic and visceral hypersensitivity in female patients with irritable bowel syndrome. 

World J Gastroenterol, 13(27), 3699-3704.  

Wilder-Smith, O. H. G., Tassonyi, E., & Arendt-Nielsen, L. (2002). Preoperative back pain is 

associated with diverse manifestations of central neuroplasticity. Pain, 97(3), 189-194. 

doi:Pii S0304-3959(01)00430-4 

Doi 10.1016/S0304-3959(01)00430-4 

Williams, D. A., & Clauw, D. J. (2009). Understanding fibromyalgia: lessons from the broader 

pain research community. J Pain, 10(8), 777-791. doi:10.1016/j.jpain.2009.06.001 

Willis, W. D., Jr. (1985). Central nervous system mechanisms for pain modulation. Appl 

Neurophysiol, 48(1-6), 153-165.  

Willis, W. D., Jr. (1988). Dorsal horn neurophysiology of pain. Ann N Y Acad Sci, 531, 76-89.  

Wolfe, F. (2009). Fibromyalgianess. Arthritis Rheum, 61(6), 715-716. doi:10.1002/art.24553 

Wolfe, F., Clauw, D. J., Fitzcharles, M. A., Goldenberg, D. L., Hauser, W., Katz, R. L., . . . Walitt, B. 

(2016). 2016 Revisions to the 2010/2011 fibromyalgia diagnostic criteria. Semin Arthritis 

Rheum, 46(3), 319-329. doi:10.1016/j.semarthrit.2016.08.012 

Wolfe, F., Clauw, D. J., Fitzcharles, M. A., Goldenberg, D. L., Hauser, W., Katz, R. S., . . . Winfield, 

J. B. (2011). Fibromyalgia criteria and severity scales for clinical and epidemiological 

studies: a modification of the ACR Preliminary Diagnostic Criteria for Fibromyalgia. J 

Rheumatol, 38(6), 1113-1122. doi:10.3899/jrheum.100594 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 49 

 

This article is protected by copyright. All rights reserved 

Wolfe, F., Clauw, D. J., Fitzcharles, M. A., Goldenberg, D. L., Katz, R. S., Mease, P., . . . Yunus, M. 

B. (2010). The American College of Rheumatology preliminary diagnostic criteria for 

fibromyalgia and measurement of symptom severity. Arthritis Care Res (Hoboken), 

62(5), 600-610. doi:10.1002/acr.20140 

Wolfe, F., Michaud, K., Busch, R. E., Katz, R. S., Rasker, J. J., Shahouri, S. H., . . . Hauser, W. 

(2014). Polysymptomatic distress in patients with rheumatoid arthritis: understanding 

disproportionate response and its spectrum. Arthritis Care Res (Hoboken), 66(10), 1465-

1471. doi:10.1002/acr.22300 

Wolfe, F., Michaud, K., Li, T., & Katz, R. S. (2010). Chronic conditions and health problems in 

rheumatic diseases: comparisons with rheumatoid arthritis, noninflammatory rheumatic 

disorders, systemic lupus erythematosus, and fibromyalgia. J Rheumatol, 37(2), 305-315. 

doi:10.3899/jrheum.090781 

Wood, P. B., Schweinhardt, P., Jaeger, E., Dagher, A., Hakyemez, H., Rabiner, E. A., . . . Chizh, B. 

A. (2007). Fibromyalgia patients show an abnormal dopamine response to pain. Eur J 

Neurosci, 25(12), 3576-3582. doi:10.1111/j.1460-9568.2007.05623.x 

Woolf, C. J. (1983). Evidence for a central component of post-injury pain hypersensitivity. 

Nature, 306(5944), 686-688.  

Woolf, C. J. (1991). Generation of acute pain: central mechanisms. Br Med Bull, 47(3), 523-533.  

Woolf, C. J. (2011). Central sensitization: implications for the diagnosis and treatment of pain. 

Pain, 152(3 Suppl), S2-15. doi:10.1016/j.pain.2010.09.030 

Wylde, V., Sayers, A., Odutola, A., Gooberman-Hill, R., Dieppe, P., & Blom, A. W. (2017). Central 

sensitization as a determinant of patients' benefit from total hip and knee replacement. 

Eur J Pain, 21(2), 357-365. doi:10.1002/ejp.929 

Yaksh, T. L. (1988). CNS mechanisms of pain and analgesia. Cancer Surv, 7(1), 5-28.  

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 50 

 

This article is protected by copyright. All rights reserved 

Yarnitsky, D. (2015). Role of endogenous pain modulation in chronic pain mechanisms and 

treatment. Pain, 156 Suppl 1, S24-31. doi:10.1097/01.j.pain.0000460343.46847.58 

Yarnitsky, D., Crispel, Y., Eisenberg, E., Granovsky, Y., Ben-Nun, A., Sprecher, E., . . . Granot, M. 

(2008). Prediction of chronic post-operative pain: pre-operative DNIC testing identifies 

patients at risk. Pain, 138(1), 22-28. doi:10.1016/j.pain.2007.10.033 

Yarnitsky, D., Granot, M., & Granovsky, Y. (2014). Pain modulation profile and pain therapy: 

between pro- and antinociception. Pain, 155(4), 663-665. 

doi:10.1016/j.pain.2013.11.005 

Yarnitsky, D., Granot, M., Nahman-Averbuch, H., Khamaisi, M., & Granovsky, Y. (2012). 

Conditioned pain modulation predicts duloxetine efficacy in painful diabetic 

neuropathy. Pain, 153(6), 1193-1198. doi:10.1016/j.pain.2012.02.021 

Youssef, A. M., Macefield, V. G., & Henderson, L. A. (2016a). Cortical influences on brainstem 

circuitry responsible for conditioned pain modulation in humans. Hum Brain Mapp, 

37(7), 2630-2644. doi:10.1002/hbm.23199 

Youssef, A. M., Macefield, V. G., & Henderson, L. A. (2016b). Pain inhibits pain; human 

brainstem mechanisms. Neuroimage, 124(Pt A), 54-62. 

doi:10.1016/j.neuroimage.2015.08.060 

Yunus, M. B. (2007). Fibromyalgia and overlapping disorders: the unifying concept of central 

sensitivity syndromes. Semin Arthritis Rheum, 36(6), 339-356. 

doi:10.1016/j.semarthrit.2006.12.009 

Yunus, M. B. (2008). Central sensitivity syndromes: a new paradigm and group nosology for 

fibromyalgia and overlapping conditions, and the related issue of disease versus illness. 

Semin Arthritis Rheum, 37(6), 339-352. doi:10.1016/j.semarthrit.2007.09.003 

 

 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 51 

 

This article is protected by copyright. All rights reserved 

Figure 1.  Neurotransmitter systems that generally facilitate (left side) or inhibit (right side) 

central nervous system (CNS) pain transmission.  The arrows indicate the levels of these 

neurotransmitters in the CNS of individuals with fibromyalgia (FM), and the boxes indicate 

drugs that have been shown to be effective in FM that are likely working in part via those 

neurotransmitters.   

 

 

Figure 2.  The 2011 Survey Criteria for Fibromyalgia (Wolfe et al., 2011) using the Michigan 

Body Map (C. M. Brummett et al., 2016). 

 

CNS Neurotransmitters Influencing Pain 
Arrows indicate direction in Fibromyalgia

+

■ Glutamate

■ Substance P

■ Nerve growth factor

■ Serotonin 
(5HT2a, 3a) 

■ Descending anti-
nociceptive pathways 

■ Norepinephrine-
serotonin (5HT1a,b), 
dopamine

■ Opioids

■ Cannabinoids

■ GABA

Generally facilitate 
pain transmission

1. Schmidt-Wilcke T, Clauw DJ.  Nat Rev Rheumatol. Jul 19 2011.
2. Clauw DJ.  JAMA.  2014.

Generally inhibit 
pain transmission

Gabapentinoids, 
ketamine, 

memantine

Low dose naltrexone

Tricyclics, 
SNRIs. tramadol

Anti-migraine drugs 
(–triptans), 

cyclobenzaprine
Gammahydroxybutyrate

moderate alcohol 
consumption

No knowledge of 
endocannabinoid
activity but this 

class of drugs is 
effective 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 52 

 

This article is protected by copyright. All rights reserved 

 

 

Figure 3.  Fibromyalgianess (FMness) scores from individuals undergoing lower extremity 

arthroplasty for osteoarthritis.
227,228

  The red line indicates the score that is used to classify an 

individual as being FM positive.  Two different hypothetical participants, who do not meet 

criteria for FM, are compared with respect to the amount of opioids(in oral morphine 

equivalents) required for pain control during a 24-48 hour inpatient period and the likelihood of 

achieving 50% improvement in pain at six months following surgery.   
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Table 1.  DiffereﾐIes Het┘eeﾐ さtop downざ aﾐd さbottom upざ forﾏs of Ieﾐtral seﾐsitizatioﾐ.  

 

19
Brummett CM et al. Unpublished data

Patient A Patient B

Compared to Patient A 

with localized pain and no 

somatic symptoms, 

Patient B would need 

90mg more Oral Morphine 
Equivalents during first 

48 hours of 

hospitalization, and 

would be 5X less likely to 

have 50% improvement in 
pain at 6 months

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



Neurobiology of Central Sensitization 54 

 

This article is protected by copyright. All rights reserved 

 

Top	down	

Chronic	Overlapping	Pain	

Conditions	

Bottom	up	

Central	Sensitization

Resolves	when	

nociceptive	input	

removed

No Yes

Sex	ratio Female>>Male Female>Male

Age	of	onset	of	pain Young	– typically	following	

puberty

Any	age	when	ongoing	

nociceptive	input	occurs

Family	history	of	pain Yes No

Psych	co-morbidity High Moderate

Increased	sensitivity	to	

non-pain	sensory	

stimuli

Yes	 No

High	number	of	

functional	somatic	

syndromes	

Yes No
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