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Abstract
Fibromyalgia is a high impact chronic pain disorder with a well-defined and robust clinical phenotype. Key features include
widespread pain and tenderness, high levels of sleep disturbance, fatigue, cognitive dysfunction and emotional distress.
Abnormal processing of pain and other sensory input occurs in the brain, spinal cord and periphery and is related to the processes
of central and peripheral sensitization. As such, fibromyalgia is deemed to be one of the central sensitivity syndromes. There is
increasing evidence of neurogenically derived inflammatory mechanisms occurring in the peripheral tissues, spinal cord and
brain in fibromyalgia. These involve a variety of neuropeptides, chemokines and cytokines with activation of both the innate and
adaptive immune systems. This process results in several of the peripheral clinical features of fibromyalgia, such as swelling and
dysesthesia, and may influence central symptoms, such as fatigue and changes in cognition. In turn, emotional and stress-related
physiological mechanisms are seen as upstream drivers of neurogenic inflammation in fibromyalgia.
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Overview

Fibromyalgia (also known as fibromyalgia syndrome) is a
common chronic pain syndrome, with a well-defined clinical
phenotype, that affects between 2 and 8% of adults [1]. It has a
very high personal and societal impact [2, 3]. Although there
is no clinically useful biomarker to aid diagnosis or monitor
progress, numerous abnormalities have been found in the
functioning of the pain-related nervous system, both central
and peripheral. Many findings in fibromyalgia initially appear
disparate, and are difficult to reconcile without an understand-
ing of the functional neuroplasticity of the nervous system.

The relationship between the sensory input to the brain and
the subsequent neural output to the body is highly relevant to
the clinical features of fibromyalgia. The activated pain-
related nervous system that characterises fibromyalgia is

dependent on modulation by numerous neural networks, in-
volving neurotransmitters, hormones, neuropeptides, cyto-
kines, chemokines and a variety of other molecules. These
neural processes are integrated across the brain, spinal cord
and the peripheral tissues, and include within them the process
of neurogenic inflammation. The aim of this review is to ex-
amine the role of neurogenic inflammation in fibromyalgia
with a focus on identifying the ways this process modulates
the symptoms that characterise this disorder. Better under-
standing of this process will aid management of this signifi-
cant pain disorder.

Clinical features of fibromyalgia

Fibromyalgia presents as a robust clinical phenotype [3, 4].
The patient complains of widespread pain affecting all quad-
rants of the body, as well as spinal regions. The pain is often
described as burning or aching in character and fluctuates in
intensity and varies in location over time. The onset of fibro-
myalgia is often characterised by an identified triggering event
that frequently associates with psychological distress [5, 6].
The widespread pain is usually associated with high levels of
fatigue, poor quality sleep and cognitive dysfunction, mani-
festing as poor concentration and memory. Muscular dysfunc-
tion can cause abnormal co-contraction of muscle groups
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during activity, with resultant stiffness, weakness, restricted
gait or difficulties in taking a deep breath.

Sensations of non-neuroanatomical pins and needles and
numbness, and soft-tissue swelling, particularly in the fingers,
hands and feet, may mimic peripheral or entrapment neurop-
athy or an inflammatory arthritis, respectively. The majority of
patients demonstrate the sign of dermatographia, particularly
over the upper back, where a brisk wheal and flare response is
noted after gentle mechanical stimulation [7].

In addition to the widespread pain, there is also widespread
abnormal tenderness to gentle pressure, termed allodynia.
This characteristic finding in fibromyalgia is reflective of
widespread lowering of pain threshold, a feature that affects
all tissues that have been examined, including skin, muscles,
entheses, periosteum, fat pads and bones [8]. Emotional dis-
tress is also a key feature of fibromyalgia and further delinea-
tion as to how this process contributes to fibromyalgia is
evolving [9].

Classification and diagnostic criteria
of fibromyalgia

Although the clinical phenotype of fibromyalgia has been de-
scribed in the literature over a long period of time, diagnostic
criteria for fibromyalgia are more recent. Useful criteria were
published in the 1970s and refined in the early 1980s [10].
Later, the criteria of the American College of Rheumatology,
focussing on the association between widespread pain and
widespread abnormal tenderness, were promulgated as classi-
fication criteria for clinical studies [11]. These criteria, were
subsequently revised in 2011 and 2012 to incorporate the as-
sociation between widespread pain and other key features,
including poor quality sleep, high levels of fatigue, poor cog-
nition and other associated features which included depres-
sion, headache and bowel pain [12, 13]. These criteria deleted
the necessity for widespread tenderness due to the inconsistent
use of this clinical sign in everyday practice. Later, the criteria
were further refined to focus on a tighter group of patients with
widespread pain but still using the same framework of the
2011 criteria [14]. These 2016 criteria are deemed to be vali-
dated for both diagnosis and classification and can be used as
self-report by the patient. There is a strong correlation between
the three sets of criteria and in this review, it is accepted that
criteria in one era are equivalent to those in another era for the
purposes of describing various associations and functional
abnormalities in fibromyalgia.

It is noted that the evolution of criteria link critical symp-
toms in the central nervous system (sleep, fatigue and cogni-
tion) to common and characteristic features in the body (wide-
spread pain and tenderness) [10]. These criteria are relevant to
the discussion of neurogenic inflammation given that they link
central and peripheral components of the condition.

Additionally, current criteria identify fibromyalgia as a spec-
trum disorder, one that better fits with concepts of
neuromodulation and neuroplasticity.

Co-morbid conditions

Fibromyalgia is commonly associated with other disorders
that might include headache, migraine, temporomandibular
joint dysfunction, pelvic pain, complex regional pain syn-
drome, restless legs syndrome, irritable bowel or bladder syn-
drome, hypotension and hypersensitivity to chemicals, light or
noise [15]. These conditions have been termed central sensi-
tivity syndromes due to shared pathophysiological processes
[16]. These disorders will be further discussed later.

Central mechanisms in fibromyalgia

There are a number of changes in the brain in fibromyalgia [3].
Networks involved in modulating the brain’s influence on the
spinal cord are disturbed in fibromyalgia. Connectivity be-
tween the default–mode network and pain-inhibitory centres
is decreased, while connectivity is increased between this net-
work and the insula [17, 18]. There are higher levels of the
excitatory neurotransmitter glutamate in the posterior insular
in patients with fibromyalgia compared to controls [19]. These
regions interact with areas involved with modulation of sen-
sory input and neuroendocrine output relevant to fibromyalgia
to be discussed later.

Central neuroinflammation in fibromyalgia

There is evidence of central neuroinflammation in fibromyal-
gia. A number of neuropeptides that cause neuroinflammation
have been found to be elevated in the cerebrospinal fluid
(CSF) of patients with fibromyalgia. For instance, substance
P (SP) is several times higher in the CSF of patients with
fibromyalgia compared to controls [20, 21]. Additionally,
brain-derived neurotrophic factor and nerve growth factor
are elevated [22, 23], while studies on calcitonin gene-
related protein (CGRP) are more limited [24].

SP and the SP-structurally-related hemokinin-1 (HK-1)
and corticotrophin-releasing hormone (CRH) levels have also
been shown to be significantly elevated in the blood of 84
female fibromyalgia patients compared to a healthy control
group of 15 females and 5 males, although earlier studies of
blood levels of SP showed no changes compared to controls
[25, 26]. There is a significant association between the levels
of SP and HK-1 but not with CRH.

The underlying cause of the elevated blood and CSF neu-
ropeptide levels in fibromyalgia remains unclear.
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Neuropeptides are distributed widely through the brain, spinal
cord and peripheral nervous system. The dorsal root ganglia
cell bodies of C-fibres manufacture neuropeptides that are
then transported both proximally to the spinal cord and distal-
ly to the C-afferent terminals in the periphery. Elevated CSF
and blood levels could relate to increased production within
the brain, the spinal cord, the periphery, or a combination of all
three.

The finding of elevation of the cytokine IL-8, but not IL-
1β, in the CSF of fibromyalgia patients, compared to healthy
controls, implies that in this location, it is derived from glial
cells within the central nervous system [27, 28]. This cytokine
is co-localised with the translocator protein (TSPO) in glial
cells, which is the rate-limiting step in serotonin synthesis and
hence modulates synaptic transmission. Genetic polymor-
phisms of TSPO associate with symptom severity and cerebral
pain processing in fibromyalgia, and interact with the seroto-
nin transporter gene [28]. Other proinflammatory chemicals
are also present in the CSF of patients with fibromyalgia (fur-
ther discussed later) [29].

Taken together elevated levels of neuropeptides, other pro-
inflammatory chemicals and a specific proinflammatory cyto-
kine imply that neuroinflammatory processes are present in
the central nervous system in fibromyalgia. The consequences
of brain neuroinflammation are unclear in fibromyalgia. The
relationship between this process and the key symptoms of
fatigue and cognitive dysfunction require further study.

Stress and neurogenic inflammation
in fibromyalgia

The sympathetic nervous system (SNS) and the hypothalamic
pituitary adrenal (HPA) axis comprise the main neurotransmit-
ter and neuroendocrine response systems to stress [30], and
both systems are activated in fibromyalgia [9]. These systems
may account for some of the symptoms seen in fibromyalgia,
such as palpitations or increased anxiety, or fatigue. However,
other stress-related neurogenically mediated pathways are ac-
tive in fibromyalgia. These relate in particular to those that
involve neuropeptides, which may play an intermediary role
in translating stress responses to biological effects. For in-
stance, the neuropeptide substance P is evolutionarily con-
served and basic to the whole-organism stress response [31].
It is not only elevated in the CSF of patients with fibromyalgia
[20, 21] but also in patients affected by a variety of stressful
situations [32]. Although not specifically studied in fibromy-
algia, it is noted that emotional distress can activate neuroin-
flammation [33]. The effect of emotional distress and the
stress response on the central brain-related events that link to
neuroinflammation in fibromyalgia requires further
clarification.

Chronic stress may also influence the function of other
organ systems that can in turn interact with the central nervous
system (CNS). For instance, stress will increase gastrointesti-
nal permeability with lipopolysaccharide translocation leading
to release of inflammatory mediators in the CNS [34].
Commensal gut microbiota is recognised to modulate neuro-
inflammation and they also change function in the context of
stress [30, 33].

Mindfulness meditation reduces stress and can decrease
cutaneous neurogenic inflammatory responses in humans
[35]. As will be discussed later, these responses are exagger-
ated in fibromyalgia.

Taken together, the activation of the stress system, possibly
driven by emotional distress, is likely to play a key upstream
role in modulating if not initiating neurogenic inflammation in
fibromyalgia.

Sleep and neurogenic inflammation
in fibromyalgia

Sleep disturbance also links to neuroinflammation. Selective
slow-wave sleep disruption in healthy women associates with
onset of musculoskeletal pain, fatigue and an increase in neu-
rogenic flare responses [36]. In mice, sleep deprivation results
in elevation of IL6 and hippocampal neuroinflammation, as
well as learning and memory impairment [37]. Sleep distur-
bance is a characteristic of fibromyalgia and closely links to
fatigue, cognitive dysfunction and pain, with stress being a
driver of all of these symptoms [38].

Spinal cord mechanisms

The cell body of the C-fibre, residing in the dorsal root gan-
glion, manufactures a number of neurotransmitters and neu-
ropeptides. These include glutamate, CGRP, SP, brain-derived
neurotrophic factor, CX3CL1 (CX3, chemokine ligand 1,
fractalkine) and adenosine triphosphate (ATP) [33]. Many of
these, particularly the neuropeptides, are transported distally
to the periphery and also proximally to the dorsal horn of the
spinal cord. Other neurotransmitters, such as glutamate and
ATP, are also manufactured and released at the distal and
proximal nerve terminals.

The receptors for these neuroactive substances are found
on the neighbouring innate immune cells, the microglia and
astrocytes [33]. After activation, the expression of Toll-like
receptor 4 (TLR4) is upregulated in microglia leading to pro-
duction and potential release of a number of potent locally
acting chemicals, including excitatory amino acids, nitric ox-
ide, prostaglandins, leukotriene, nerve growth factor and su-
peroxides [39]. Activated microglia and astrocytes may also
release proinflammatory cytokines, such as tumour necrosis
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factor (TNF), interleukin 1(IL1) and IL6 [39, 40]. Thus, the C-
fibre may contribute considerable locally acting spinal cord
proinflammatory chemicals that result in neuroinflammation
within the central nervous system [39].

The C and Aδ fibres input to projection neurons of both the
outer and deeper layers of the spinal dorsal horn. At each site,
there is considerable modulation of activity of the projection
neurons by descending corticospinal neural activity [41–44].
These pathways arise in the midbrain and brainstem and use
both opioid and 5-hydroxytryptaminergic–noradrenergic
mechanisms. In fibromyalgia patients, the opioidergic path-
ways function normally while the 5-hydroxytryptaminergic–
noradrenergic mechanisms are attenuated [45, 46]. The inabil-
ity to activate these endogenous sensory inhibitory mecha-
nisms can enhance reactivity of the neurons, a process termed
central sensitisation [47].

There was significant elevation of inflammatory proteins in
the CSF of 40 patients with fibromyalgia compared to 10
healthy controls [29]. In particular, high levels of chemokine
CX3CL1 (fractalkine) and IL-8 were found. The CSF proteins
discriminating for fibromyalgia overlapped with the profile
identified in the plasma suggesting that these inflammatory
processes are interlinked. It is suggested that in this regard
the CSF acts as a Bmirror^ reflecting processes occurring in
the spinal cord [29, 48].

Peripheral neurogenic inflammation
in fibromyalgia

The body of evidence for neurogenic inflammation in fibro-
myalgia in peripheral tissues is larger than that for central
neurogenic inflammation, likely related to the ease of access
to skin compared to central nervous tissue. Despite this quan-
tity of evidence relating to findings in peripheral tissue, it is
not suggested that neurogenic inflammation in fibromyalgia is
initiated by peripheral events.

Lewis made one of the first clinical observations of neuro-
genic inflammation in his description of the triple response
[49]. This can be evoked in healthy subjects by direct stimu-
lation of the skin by mechanical, thermal or chemical stimu-
lation. Capsaicin is an example of a potent chemical stimulator
of this response [50]. The triple response comprises a classic
weal and flare, the weal being due to plasma extravasation and
the flare due to redness of the stimulation site and surrounding
erythema.

The mechanism behind this cutaneous manifestation of
neurogenic inflammation is through the release of proinflam-
matory peptides from the nerve terminals of peptidergic C-
fibres [51, 52]. These predominantly comprise SP, CGRP
and neurokinin A, but also may include adrenomedullin,
neurokinin B, vasoactive intestinal peptide, neuropeptide Y
and gastrin-releasing peptide. In the context of the neurogenic

flare response, certain of these peptides act on surrounding
blood vessels resulting in vasodilatation and an increase in
local blood flow. They also enhance vascular permeability
resulting in egress of fluid, as well as certain intravascular
proteins and polymorphonuclear leucocytes. CGRP acting
on CGRP1 receptors on arterioles is the main cause of neuro-
genic vasodilatation, while substance P and neurokinin act on
neurokinin A1 receptors to increase vascular permeability
[53].

The neurogenic flare response, induced by both gentle me-
chanical stimulation and application of various concentrations
of capsaicin, is increased in patients with fibromyalgia com-
pared to healthy controls [54]. The extent of the flare response
in patients correlates with the severity of allodynia, suggesting
a link between the mechanisms involved in neurogenic in-
flammation and this common clinical finding in fibromyalgia.
Other studies have shown significant associations between
flare response and other key clinical features of fibromyalgia.
There is significant correlation with slow-wave sleep depriva-
tion, and with increased fatigue and with a decreased pain
threshold [36].

There are other clinical findings in fibromyalgia that also
likely reflect the process of neurogenic inflammation. Local
soft-tissue swelling and fluid retention are commonly reported
[55–57]. Reticular skin discolouration and livedo reticularis
are seen in the majority [58, 59]. Fibronectin, a tissue marker
of endothelial activation, is significantly elevated in fibromy-
algia patients with Raynaud phenomenon and livedo com-
pared to those without these features and also compared to
healthy controls [58].

Hence, the enhanced cutaneous wheal and flare response in
fibromyalgia (indicative of increased neurogenic inflamma-
tion), through its association with other clinical features,
points to the contribution of neurogenic processes to the fibro-
myalgia phenotype.

Local immune-related effects
of neuroinflammation

In the skin, neuropeptides, such as substance P and CGRP,
interact with and activate cells of the innate immune system
that include mast cells, dendritic cells and keratinocytes.
Locally placed mast cells upon activation by these neuropep-
tides may degranulate and release a variety of neuroactive
substances that include histamine, bradykinin, prostaglandins,
TNF, 5-hydroxytryptamine and endothelial growth factors.
These factors, particularly TNF and histamine, in turn act on
nearby sensory nociceptive terminals, such as those on A- δ
small myelinated fibres, to increase response sensitivity to
lower levels of stimulation of these neurones [60]. This cas-
cade of events leads to further vasodilation, swelling and pain
in the involved site. Activated polymodal C-fibres can also
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directly secrete proinflammatory cytokines that can interact
with molecules, such as nitric oxide or prostaglandin E2 that
also upregulate responsiveness and activity of other sensory
neurones involved in nociception [53].

There is a significant increase in numbers of mast cells, up
to 14-fold, in the skin of patients with fibromyalgia, which is
consistent with the effects of an increase in neurogenic inflam-
matory activity [61]. A significant correlation between the
number of degranulated or damaged mast cells and the extent
of IgG deposition in the skin and vessel walls has been shown
[62, 63]. This would favour the explanation that the identified
increased deposi t ion of albumin and IgG at the
dermoepidermal junction in patients with fibromyalgia [64,
65] relates to the plasma extravasation seen in neurogenic
inflammation.

The adaptive immune system, involving T lymphocytes, is
also involved in this process. Local actions of neuropeptides
lead to activation of T lymphocytes and release of cytokines
that further modulate local inflammatory processes [53].
There are several differences in cytokine levels in the plasma
or serum of patients with fibromyalgia compared to controls;
however, the source of these cytokines remains unclear. The
level of cytokines may relate to peripheral mechanisms under
discussion, either through direct release from C-fibres or indi-
rectly through enhanced neuropeptide action on local T lym-
phocytes, or to previously discussed central mechanisms.

A number of small studies of different design and tech-
niques have suggested that a proinflammatory cytokine profile
occurs in the blood of patients with fibromyalgia [66–68].
These studies suggest that the levels of the proinflammatory
cytokines IL-1, IL–6 and IL-8 are elevated. In contrast, TNF
levels have usually been found to be normal and anti-
inflammatory cytokines IL-4 and IL-10 are lower or normal.
One study showed a significant association between both IL-8
and IL-6 and clinical severity scores in fibromyalgia patients
suggesting that these cytokines particularly link to a clinically
relevant mechanism in fibromyalgia [69]. In contrast, some
studies have shown increase in TNF as well as IL6 in serum
of fibromyalgia patients [26], while other studies have not
confirmed elevations of IL6, IL8 or TNF in fibromyalgia
[70, 71]. It is evident that blood levels of cytokines vary be-
tween studies and this likely relates to methodology issues,
such as differences in body weight, hormone status, physical
activity, diurnal variation and medication effects, as much as
differences in assay techniques [26, 72].

Other studies also point to the presence of systemic inflam-
mation in fibromyalgia. The levels of 92 inflammation-related
proteins (mainly cytokines and chemokines), were recorded,
using multiplex proximity extension assay, in the plasma of 17
women with chronic widespread pain (CWP) compared to 21
female healthy controls [70]. Using complex analysis 11 pro-
teins significantly differentiated those with CWP from healthy
controls suggesting that CWP was associated with systemic

low-grade inflammation [70]. There was a high degree of
overlap of these identified biomarkers using the same assay
technique with those in a separate cohort of 40 fibromyalgia
patients compared to 46 blood donors [29]. This study also
showed a similar profile of inflammatory chemokines (such as
CX3CC1/fractalkine) and cytokines (such as IL8) in the cere-
brospinal fluid (CSF) of the fibromyalgia patients compared to
controls. As indicate earlier, this implies the presence of
neuroinflammatory mechanisms in fibromyalgia.

Another study showed the cytokine response to mitogenic
activators of peripheral blood mononuclear cells from patients
with fibromyalgia was lower than those of healthy individuals,
suggesting impaired cell-mediated immunity in fibromyalgia
[73].

The innate immune system was shown to play a significant
role in the chronic pain experienced by 707 patients with
chronic multisite pain (who were likely to have fibromyalgia).
There was a greater association with lipopolysaccharide-
stimulated proinflammatory cytokines, such as TNF and
IFNγ, than with several other anti-inflammatory cytokines,
suggesting an increased innate immune response [67].

Despite muscle pain being a key feature of fibromyalgia
there are few studies that examine cytokines in this tissue. In
one study of proinflammatory cytokines released in muscle
after repetitive dynamic contractions, it was found that there
was no difference between patients with fibromyalgia and
healthy controls, and no associations between levels of cyto-
kines and pain or fatigue [74].

Complex regional pain syndrome (CRPS) is a more intense
and localised chronic pain syndrome that shares many features
with fibromyalgia [72]. In CRPS, there are increased levels of
TNF and IL-6 in suction-induced skin blister fluids and blood,
while anti-inflammatory cytokines, such as IL-4 and IL-10 are
reduced [75–77]. There are no similar studies of dermal levels
of cytokines in fibromyalgia.

Taken together these observations suggest that proinflam-
matory cytokines and chemokines are elevated in the blood
and CSF of patients with fibromyalgia. While the cause and
consequences of these immune–related findings remains un-
clear it is likely that they relate to the process of
neuroinflammation.

Local influences on peripheral neurogenic
inflammation

As described above, the small non-myelinated C-fibres and
myelinated A δ–fibres are both seen to be involved in periph-
eral neuroinflammation in fibromyalgia.

Sufficient mechanical, chemical or thermal stimulation of
the C-fibre in the periphery will activate transmission of im-
pulses to the spinal cord that after further modulation may
result in nociception. Additional to this direct pathway from
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the periphery to the spinal cord, there is antidromic propaga-
tion of the impulse whereby the impulse is reflected at junc-
tion points back to the C-fibre terminal resulting in the release
of the various proinflammatory substances described above
[53].

The C-fibres are thus seen as the driver, with release of
proinflammatory cytokines, chemokines and neuropeptides,
while the A δ–fibres are seen to primarily respond to several
of these stimuli. This leads to increased sensitivity of the neu-
ron to other stimuli with amplification of responsiveness, so
called peripheral sensitization.

Systemic influences on peripheral neurogenic
inflammation

In addition to local factors, C-fibre function is also influenced
by systemic factors.

Activity of the sympathetic nervous system is enhanced in
fibromyalgia [78]. Studies have shown reduced heart rate var-
iability (HRV) and also exacerbation of pain after noradrena-
line injections in fibromyalgia patients compared to controls
[79, 80]. These studies indicate sympathetic hyperactivity in
fibromyalgia. The sympathetic nervous system can modulate
the peripheral nociceptor neurons as well as the cells of the
innate immune system, such as dendritic cells and
keratinocytes, through upregulation of the alpha1-
adenoreceptors [81, 82].

The links between the peripheral effects of sympathetic
hyperactivity and central neuroinflammation are unclear. As
noted earlier, there are elevated levels of IL-8 but not IL-1β in
the cerebrospinal fluid in fibromyalgia patients compared to
healthy controls suggesting central neuroinflammation [27].
However, a correlation between this cytokine and HRV was
not found [83].

Local neuroanatomical changes
to nociceptors

There are number of abnormalities inmorphology, neurophys-
iology or general function of small myelinated Aδ fibres and
non-myelinated C-fibres in around 50% of patients with fibro-
myalgia compared to healthy controls [84–90]. The absolute
number of non-myelinated fibres in the skin is reduced [84,
85, 87, 88, 90–92] and also the mean axon diameter is reduced
[90]. Microneurography shows that most patients with fibro-
myalgia will have changes in structure of C-fibres [93], and
there are changes on electron microscopy to both the C-fibre
and its associated Schwann cells [94]. In vivo corneal confocal
bio-microscopy shows similar findings in the cornea of a sub-
group of patients with fibromyalgia [95].

A correlation has been noted between the microRNA
(miRNA) miR-let-7d and small nerve fibre density in fibro-
myalgia. Additionally, miR-let-7d and its downstream target
insulin-like growth factor-1 are aberrantly expressed in the
skin of fibromyalgia patients who had small fibre impairment
[92]. The relationship of this growth factor to the enhanced
neuropeptide secretion that occurs in fibromyalgia needs to be
clarified.

The cause for the findings detailed above in the peripheral
small fibres of patients with fibromyalgia is unclear but may
relate to the consequences of local neurogenic inflammation
through the effects of inflammatory products on these sensory
fibres. These changes in turn may link to certain clinical fea-
tures seen in fibromyalgia, such as light sensitivity and
dysesthesthia [96]. Clinical observations by the authors note
significant variability of these symptoms and resolution when
there is overall improvement in fibromyalgia, suggesting that
there may be no permanent dysfunction in these neural
structures.

A rat model of fibromyalgia induced by increasing gluta-
mate levels in the insular showed a subsequent decrease in
hind-paw peripheral nerve fibre density [97]. This suggests
that the cause of the small fibre abnormalities ultimately re-
lates to changes in the brain, through a Btop-down^ process.
This might imply a similar mechanism in humans.

It has been noted that the enhanced nociceptor activity in
muscles and other tissues that results from neurogenic inflam-
mation might further contribute to central sensitization
through an increased nociceptive input to the spinal cord
[98, 99].

Neuroinflammation in other organ systems
in fibromyalgia

The effects of neuroinflammation on other organ systems may
explain the common association between the many central
sensitivity syndromes detailed previously. For instance, neu-
roinflammation is a prominent mechanism in complex region-
al pain syndrome, migraine, irritable bowel and bladder syn-
dromes [72, 100–102].

Neurogenic inflammation as the key
mechanism in fibromyalgia

Neurogenic inflammation is an important mechanism in fibro-
myalgia and related disorders. Brain–related mechanisms are
the likely source of the cascade of events that leads to neuro-
inflammation in both the CNS and periphery in fibromyalgia.
In clinical practice emotional distress is seen to be critical in
initiation, exacerbation and modulation of fibromyalgia symp-
toms. The link between the psychological factors contributing
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to emotional distress and the activation of the stress response
and other brain biochemical changes requires further study.
The release of neuropeptides and the subsequent
neuroinflammatory changes in the brain, the spinal cord and
the periphery contributes to many of the characteristic symp-
toms of fibromyalgia.

Better understanding of this top-down neurogenically driv-
en path is required to allow for targeted and personalised ap-
proaches to management of fibromyalgia.
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