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Abstract
Fibromyalgia (FM) is a condition characterized by chronic widespread pain whose pathogenesis is still not fully defined. 
Evidence based on structural and functional neuroimaging methods, electrophysiological, and morphological – skin biopsy 
– features demonstrated a central and peripheral nervous system involvement. A dysfunction in nociceptive inputs pro-
cessing at the central level was highlighted as the primary cause of FM, but other data coming from different laboratories 
contributed to emphasize again the peripheral origin of FM. In fact, small fibers neuropathy (SFN) was observed in a large 
number of patients submitted to skin biopsy. The complex interaction between central and peripheral factors is opening a 
new scenario about the management of this neurological disorder. Whether proximal SFN is an initiating event leading to 
FM or is the consequence of stress-related insular hyper excitability remains unclear. Mild sufferance of peripheral afferents 
could function as a trigger for an exaggerated response of the so-called “salience matrix” in predisposed individuals. On the 
other side, the intriguing hypothesis rising from animal models could indicate that the cortical hyper function could cause 
peripheral small afferent damage. The research should go on the genetic origin of such peripheral and central abnormali-
ties, the acquired facilitating factors, and the presence of different phenotypes in order to search for efficacious treatments, 
which are still lacking.
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Introduction

In the last years, new data about central and peripheral 
nervous system involvement are progressively changing 
the general view about fibromyalgia (FM) pathophysiology. 
In the past, FM has been considered a generalized painful 
syndrome based on a muscular low pain threshold [1–3], 
so muscle tenderness had a key role in clinical diagnosis 
[4]. However, the absence of chronic inflammatory process 
in muscles of FM patients raised the hypothesis of a self-
sustained mechanism of chronic pain, based on neural phe-
nomena of central and peripheral sensitization. Abnormal 

activity of nociceptors in muscles and deep tissues seemed a 
reliable cause of FM, though the hypothesis remained vague 
[5]. Overall, a dysfunction in nociceptive inputs processing 
at the central level was highlighted as the primary cause of 
FM, sustained by several clinical, psychophysiological, and 
neurophysiological evidence [6]. This view contributed to 
attenuate the diagnostic relevance of the tender points in 
the last clinical criteria, in favor of associated symptoms 
including comorbidities for central nervous system dis-
eases as headache, depression, and sleep disturbances [7]. 
Other data coming from different laboratories contributed to 
emphasize again the peripheral origin of FM. In fact, small 
fibers neuropathy (SFN) was observed in a large number of 
patients submitted to skin biopsy. A recent meta-analysis 
reported 49% SFN prevalence across studies on FM popula-
tions [8]. The present narrative review, founded on the PUB-
Med search in the time interval 2015–2020, aimed to shed 
light and summarize main findings on FM pathophysiology, 
by assessing:
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1)	 Evidence about central nervous system involvement, 
based on structural and functional neuroimaging and 
electrophysiological methods

2)	 Evidence about peripheral nervous system involvement, 
based on electrophysiological and morphological – skin 
biopsy – features

3)	 A final unified hypothesis on FM pathogenesis

Methods

The present narrative review is based on the PubMed search 
in the time interval 2015–2020, using the following key-
words: for the first aim, fibromyalgia and (a) magnetic reso-
nance, functional magnetic resonance, functional neuroim-
aging, (b) pain-related evoked potentials, (c) EEG (Fig. 1).

For the second aim: fibromyalgia and (a) electroneu-
rography, nerve conduction study, electromyography (b) 
microneurography, (d) skin biopsy, (e) corneal confocal 
microscopy (Fig. 2).

Criteria for the inclusion of the studies were the obser-
vance of the current FM diagnostic criteria [4, 7] and the 
case–control study design. Case reports and reviews were 
not considered, as well as studies reporting sleep studies, 
neurophysiological effects of drugs, and not pharmacologi-
cal interventions. We also focalized on studies on resting-
state or functional changes related to pain processing, 

avoiding to include studies on pure cognitive tasks or mul-
timodal not painful stimulation.

Central nervous system involvement in fibromyalgia

The existence of the organic origin of FM was frequently 
questioned, and it was frequently considered a psychiat-
ric disease or even a simulation or malinger syndrome [9]. 
However, the clinical and psychophysiological evidence of 
hyperalgesia and allodynia outlined the role of widespread 
central sensitization as the primary cause of the disease [6, 
10]. According to the International Association for the Study 
of Pain (IASP), the definition of central sensitization is 
“increased responsiveness of nociceptive neurons in the cen-
tral nervous system to their normal or subthreshold afferent 
input”. In the following paragraph, main results about neu-
roimaging and electrophysiological techniques are reported.

The use of functional neuroimaging methods has changed 
the scenario of research in chronic pain syndromes, giving 
evidence of brain mechanisms connected to central sen-
sitization. The first FMRI studies described the increased 
activity of primary and secondary somatosensory cortex, 
temporal gyrus, inferior parietal cortex, putamen, cerebel-
lum, and anterior insula during pressure pain in FM patients 
compared to controls [11, 12]. In the following years, dif-
ferent functional neuroimaging methods were applied in 
FM, diagnosed in accord with 1990 criteria, with the results 

Fig. 1   Flowchart reporting Pubmed search criteria for main topics of aim. (1) Evidence about central nervous system involvement, based on 
structural and functional neuroimaging and electrophysiological methods
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of altered cortical activation and connectivity in regions 
devoted to pain processing and descending control, as sum-
marized by Staud R. et al. [3].

More recent studies found altered expression of second-
ary hyperalgesia in patients with FM. The FMRI correlate 
was a different activity of the dorsolateral prefrontal cor-
tex between patients and controls, with a possible defective 
descending inhibitory control [13].

Craggs et al. [14] found that in a small group of FM 
patients [4], effective connectivity pattern related to the 
experimental induced wind-up phenomenon was similar to 
that recorded in healthy controls, while in 40 FM patients 
compared with control subjects, Pujol et al. [15] found an 
abnormal pattern of functional connectivity among PAG, 
insula, somatosensory, visual, and auditory cortex and 
between SII and default mode network, with general weak-
ness of sensory integration underlying clinical pain.

Studies in the 2015–2020 period

Functional neuroimaging FMRI

A huge number of fMRI studies were published on FM in the 
last years, using a different modality of pain stimulation and 
resting-state connectivity patterns. All the results converged 
toward a clear dysfunction of painful and multimodal stimuli 
processing, as well as a global disruption of main cortical 
networks. Failure in the activation of brainstem regions 
devoted to the inhibitory control emerged in an experiment 
based on the wind-up phenomenon [16]. Other aspects of 

pain processing, such as the pain after sensation, determined 
different brain activation in FM patients as compared to con-
trols, particularly in the medial temporal lobe (amygdala, 
hippocampus, parahippocampal gyrus) [17]. Manipulation 
of attention with distraction from pain [18] and suggestion of 
pain stimuli intensity [19] caused different brain responses 
in FM patients in respect to healthy subjects, in key zones 
for pain modulation. The persistence of brain activation after 
pain stimulation suggested more generalized hypersensitiv-
ity and hypervigilance to salient sensory events [20].

Connectivity patterns were found to be dysfunctional in 
FM patients. Truini et al. [21] studied 20 patients with FM 
and 15 controls, and found increased PAG connectivity with 
the insula, prefrontal cortex, and anterior cingulate, possibly 
causing altered descending inhibitory control. Attenuated 
PAG functional connectivity with regions associated with 
motor/executive functions, salience (SN), and default mode 
networks (DMN) was also negatively correlated with fibro-
myalgia disability and positively correlated with pain cata-
strophizing, in another FM group compared to controls [22]. 
PAG connections were differently activated in FM patients 
vs controls in the modulation of endogenous pain during 
others’ noxious stimulation observation [23]. The disrupted 
connectivity in the default mode network seemed related to 
acute rather than chronic pain in FM patients [24].

Resting-state FMRI showed different connectivity pat-
terns during acute painful stimulation in FM patients com-
pared to controls [25–27], while another study pointed out 
abnormal connectivity in the network processing both noci-
ceptive and multimodal stimuli [28]. Hub connections and 

Fig. 2   Flowchart reporting Pubmed search criteria for main topics of aim. (2) Evidence about peripheral nervous system involvement, based on 
electrophysiological and morphological – skin biopsy – features
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glutamate metabolism within the posterior insula were also 
correlated to clinical pain in FM [29] (Table 1).

PET  A general dysfunction in neurotransmission involved 
in pain modulation was reported in FM. A disturbance in 
dopamine neurotransmission emerged in 24 FM patients 
compared to 17 controls [30]. The study outlined the rela-
tionship between thermal threshold and D2/D3 receptor 
availability in caudate and striatum, with some differences 
linked to the comorbidity with depression.

Altered excitatory-inhibitory neurotransmission emerged 
in studies based on GABA receptors and glutamate metabo-
lism [29, 31]. The role of microglia activation in functional 
changes leading to chronic pain in FM emerged by PET stud-
ies on proteins upgraded in activated glia [32]. A recent pilot 
study gave preliminary evidence about reduced cortical opi-
oid receptor availability in a small FM group [33] (Table 2).

Structural MRI

Moderate evidence for changes in gray matter volume in the 
anterior cingulate cortex and prefrontal cortex emerged in 
several voxel-based morphometry-VBM studies [34]. Stud-
ies applying structural covariance network analysis outlined 
altered gray and white matter morphometry in cerebellar 
and frontal cortical regions in FM patients [35]. Moreover, 
volumes of cortical areas displayed a moderate classification 
accuracy of FM patients, which was less robust than clinical 
indicators [36]. Structural changes were not specific for FM, 
rather seemed to reflect generic cortical readjustments under 
chronic pain condition [37].

Reduction in hippocampus volume emerged in FM 
patients, for a possible atrophic mechanism consequent to 
excite toxicity due to dysfunctional glutamate neurotrans-
mission [38]. More recently, a negative correlation between 
glutamate neurotransmission and volume of subparts of cin-
gulated gyrus emerged in FM patients [39] (Table 3).

Summarizing, the large number of neuroimaging studies 
in FM, performed with different techniques and under dif-
ferent experimental procedures, outlined a clear disturbance 
in pain processing at the central level, with involvement of 
neurotransmission responsible for anti-nociception. The dys-
function could include several brain regions devoted to mul-
timodal stimuli elaboration within a peculiar cognitive and 
emotional profile. Brain structure is not specifically altered, 
but most of studies indicated regional atrophies secondary 
to mechanisms of chronic pain.

Electrophysiological methods pain‑related evoked 
potentials

Several studies employed pain-related evoked potentials in 
FM, in order to assess the functional status of nociceptive 

pathways, psychophysiological properties, and cogni-
tive inference on pain processing. Laser-evoked potentials 
(LEPs) are specifically related to nociceptive afferents acti-
vation and confirmed increased cortical responses to pain-
ful stimuli [40] and reduced habituation in the course of 
repetitive sessions of stimulation [41]. These results would 
imply a dysfunction of experimental pain processing at the 
central level, a pattern largely described in diseases associ-
ated with FM, such as migraine [42]. Reduced habituation 
of vertex LEPs characterized the most of FM patients, while 
LEP amplitude varied among cases [43]. Cortical potentials 
obtained by painful superficial electrical stimulation, with 
specific properties for A-delta fibers (pain-related evoked 
potentials, PREPs), were found reduced in amplitude in a 
small cohort of FM patients, who also presented with proxi-
mal small fibers denervation and neuropathic features at the 
QST [44]. This study contributed to outline the relevance of 
small fibers pathology in FM patients, toward a neuropathic 
origin of pain.

In the last years, LEP studies confirmed the central dys-
function of pain processing in patients with FM. Truini et al. 
[21] conditioned a-delta LEPs with previous C fiber stimula-
tion in a paired stimuli paradigm, and found reduced inhi-
bition in FM patients, subtended by increased excitability 
within pain matrix (Table 2).

In the most of studies, LEP pattern was not congruent 
with the peripheral involvement of a-delta fibers. In fact, 
LEP vertex complex amplitude was within and even above 
normal limits in most of the patients [45]. Moreover, the 
presence of small fibers denervation did not influence pain 
sensitivity and cortical responses as assessed, respectively, 
by quantitative sensory testing (QST) and laser-evoked 
potentials in a cohort of FM patients [46]. An intriguing 
hypothesis was that reduced habituation could be a central 
mechanism able to compensate peripheral afferents loss and 
contrast the LEP amplitude reduction due to weak peripheral 
input [47].

A recent German study confirmed a congruent association 
between peripheral denervation, as assessed by skin biopsy 
and corneal confocal microscopy, PREP reduced amplitude, 
and severe FM picture, suggesting that small fiber pathol-
ogy could have a clinical impact in a subgroup of patients 
[48]. Summarizing, studies on pain-related evoked responses 
suggested prevalent abnormalities of pain processing at the 
central level, except for subgroups of patients with severe 
small fiber pathology (Table 4). Summarizing, LEPs stud-
ies did not support a pattern of prevalent peripheral small 
fibers involvement in FM, rather a complex disturbance of 
pain processing at central level. While PREPs identified 
patients with small fibers impairment, their reliability in 
nociceptive system investigation was matter of debate [49]. 
A prevalent pattern of increased or reduced amplitude of 
LEPs could help in identifying different phenotypes within 
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FM disease, with dominant central or peripheral nervous 
system involvement.

Resting‑state and nociceptive‑related EEG features

Several studies on FM reported abnormal resting-state and 
painful-related EEG rhythm patterns in wake condition. 
González-Roldán et al. [50] studied source localization of 
EEG oscillations by means of sLORETA software [51] in 20 
FM females and 20 controls and found reduced power in the 
delta band, as well as enhanced power in beta band, located 
within right insula and superior and middle temporal gyrus, 
without correlations with clinical variables. The evaluation 
of coherence and phase synchronization between time series 
in 44 FM patients and 44 controls resulted in the detection 
of different functional connections within key cortical zones 
in pain processing, as pregenual anterior and posterior cin-
gulate, dorsolateral prefrontal cortex, which was correlated 
with individual scores of disease disability [52]. Increased 
prefrontal and anterior cingulate theta activity significantly 
correlated with measures of tenderness in 19 female FM 
patients compared to 18 age- and sex-matched healthy con-
trols. [53]. A magneto encephalogram (MEG) resting-state 
study indicated a reduction of global connectivity within 
default mode network, between middle/inferior temporal 
gyrus and visual cortex, in 18 FM patients compared to 
19 controls. The longer pain duration was correlated with 
reduced connectivity between the inferior temporal gyrus 
and visual cortex, suggesting chronic pain as a cause of 
disrupted resting-state network [54]. A novel approach to 
EEG evaluation, based on changes of spatial configuration 
of short – 100 ms – time series, named microstate, in 46 
female FM patients and 53 healthy controls, showed altera-
tions lower occurrence and coverage of microstate in FM, 
indicating a sort of impaired cortical flexibility [55]. Though 
the EEG studies employed different types of analysis, results 
globally confirmed that FM patients could share abnormality 
in brain oscillation, common to different pain syndromes 
with prominent central dysfunction [56].

Peripheral nervous system involvement

In the last decade, a growing body of evidence revealed 
peripheral nerve involvement in FM. In their first, work, 
Uceyler et al. [57] used skin biopsy from leg and thigh, QST, 
and pain-related evoked potentials and demonstrated a small 
fiber pathology in FM patients. Oaklander et al. [58], in the 
same year, described a loss of intraepidermal nerve fibers 
density (IENF) in a small cohort of FM patients. Only a 
few months later, similar reports came by the authors of 
this commentary [59] who found a non-length dependent 
loss of IENF in skin biopsy from leg, thigh, and fingertip 
in 14 out of 21 patients by Giannoccaro et al. [60] and who 

reported abnormal cutaneous innervation in 30% of FM by 
Kasmidis et al. [61]. In all FM patients described in these 
studies, nerve conduction studies were normal, confirm-
ing the integrity of a-beta sensory fibers. Serra et al. used 
microneurography and found abnormal ongoing activity of 
peripheral C nociceptors and increased mechanical sensi-
tivity in FM and SFN patients compared to controls [62]. 
They found also an abnormal slowness of nerve conduction 
velocities after low-frequency stimulation in mechanosen-
sitive C nociceptors as a distinctive feature in FM patients. 
The demonstration of this abnormal excitability of C fibers 
further pointed out a malfunction of the peripheral nerves 
that could contribute to the pain and tenderness suffered by 
patients with fibromyalgia.

Here, we report the results of peripheral nervous system 
exploration techniques in the last 5 years.

Studies in the 2015–2020 period

Electromyography and nerve conduction studies

The majority of studies employing nerve conduction study 
(NCS) reported normal motor and sensitive parameters in 
FM patients. Doppler et al. [63] explored skin biopsy and 
axon diameter in 32 patients with FM, 15 patients with small 
fibers neuropathy, and 24 normal controls. They also per-
formed nerve conduction studies of the right tibiae (motor) 
and sural (sensory) nerves, which showed in all cases, 
including FM, normal values of nerve conduction veloc-
ity, sensory nerve action potential, compound motor action 
potential, F-wave latencies, and distal motor latencies [63]. 
The same group recently confirmed normal NCS in 117 
women with FM, even in patients with the extent of small 
fiber pathology and symptom severity [48]. A more recent 
study [47] described normal NCS in 81 FM patients, includ-
ing those (85%) with proximal small fibers denervation.

Fibromyalgia patients complying with carpal tunnel 
syndrome CTS) presented with the same median nerve 
abnormalities as the other CTS patients [64]. Muscle fiber 
conduction velocity was found increased in the not painful 
muscles of 22 FM patients compared to 21 controls, compat-
ible with a central dysregulation of muscular posture [65]. 
Caro et al. [66] retrospectively revised EMG and ENG in 
a cohort of 29 FM patients, 26 FM patients with associ-
ated rheumatoid arthritis, and 14 controls and found EMG 
and ENG abnormalities compatible with polyneuropathy in 
90% of FM patients. This study is in apparent contradiction 
with the most of EMG and ENG results published by other 
groups, but it lacks a previous neurological assessment of 
clinical signs of systemic polyneuropathy, able to exclude 
FM diagnosis. Moreover, another study conducted in a con-
siderable number of FM patients (155) showed a mild sural 
and medial plantar (MP) response amplitudes reduction in 
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those subjects reporting symptoms of neuropathic pain, dis-
tal small fibers neuropathy, and markers of metabolic syn-
drome [67].

Summarizing, nerve conduction study and electromyo-
graphy are generally within normal limits in FM patients, 
but their routine execution could be useful to exclude possi-
ble misdiagnosis of polyneuropathies secondary to different 
causes, as metabolic sufferance,

Microneurography

Microneurography provides for direct recording of unmy-
elinated postganglionic sympathetic or afferent C fibers, 
using needles inserted into a peripheral nerve fascicle [68]. 
Few studies are reported in FM. The first one was pub-
lished in 2014 [62], comparing 30 women with FM, 17 
patients with small fibers neuropathy, and 9 controls. The 
authors observed abnormal C nociceptors function in 23 FM 
patients, with increased mechanical sensitivity, possibly con-
tributing to the pain and tenderness suffered by patients with 
fibromyalgia. In their study inferring multimodal neurophys-
iological assessment in FM patients, Evdokimov et al. [48] 
confirmed C fiber spontaneous activity and mechanical sen-
sitization in FM patients. Microneurography is an invasive 
and technically demanding procedure, but its employment 
in FM could give an aid in the detection of C fiber activity 
and mechanism of peripheral sensitization.

Confocal microscopy

Corneal confocal bio-microscopy provides in vivo structural 
images of the corneal stromal nerves and the sub-basal nerve 
plexus. Considering the elective innervation of the cornea 
by C fibers, corneal confocal bio-microscopy is a reliable 
method to assess small nerve fiber pathology [69]. Ram-
irez et al. [70] found reduced stromal nerve thickness and 
decreased sub-basal plexus nerve density in 17 FM patients 
with respect to controls.

Oudejans et al. [71] measured cornea nerve fiber density, 
branching density, and nerve fiber length in 39 FM patients, 
together with clinical and QST examination. They found 
decreased nerve fiber length in 44% of patients and nerve 
fiber density and branching in 10% and 28% of patients. 
Considering also the QST, they individuated 4 distinct phe-
notypes with different combinations of peripheral involve-
ment and central sensitization and concluded for the hetero-
geneity of FM. The utility of corneal confocal microscopy in 
FM was confirmed in the following studies, which detected 
abnormalities in most of the patients, frequently in asso-
ciation with severity of clinical expression [48, 72]. In a 
double-blind placebo-controlled trial with tapentadol, the 
presence of corneal fiber abnormalities predicted the poor 
therapeutic response [73].

In a more recent study, changes in corneal innervation 
and Langerhans cells were detected in FM patients and those 
with small fiber neuropathy [74]. To summarize, corneal 
confocal microscopy confirmed the presence of small fib-
ers impairment in FM, though the clinical picture did not 
resemble neuropathic pain, especially in patients with severe 
anxiety and depression [75] (Table 5).

Skin biopsy

Doppler et al. [63] demonstrated a reduction of diameter in 
dermal nerve fibers in FM patients compared to small fiber 
neuropathy (SFN) patients and control subjects [63].

Impaired cutaneous innervation prevailed at proximal 
leg level in further published FM case series, which also 
displayed impaired skin miRNA homeostasis [76]. Patients 
with distal denervation presented with more severe dysau-
tonomia and paresthesia when compared with patients with 
normal skin biopsy [77]. The subset of patients with distal 
leg denervation (43 among 155) presented with signs of 
axonal large fibers neuropathy at NCS and metabolic syn-
drome [67]. The presence of SFN in fibromyalgia was also 
associated with a more severe phenotype [48].

Our recent study conducted in 81 FM patients showed a 
clear prevalence of proximal small fibers denervation (85%) 
with 12% of cases with proximal and distal small fibers neu-
ropathy [47]. The clinical picture and comorbidities were 
similar among the different skin biopsy subgroups, as well 
as neurophysiological signs of altered pain processing at the 
central level. Fasolino et al. [46] confirmed the scarce adher-
ence of clinical profile, delineated with QST, to a classical 
clinical phenotype of small fibers pathology [46]. Interest-
ingly, adolescents with FM showed distal denervation in 
50% of cases [78] (Table 6).

To summarize, most of the studies confirmed a loss of 
epidermal fibers in FM, but many contradictory results 
emerged. The prevalent distribution of epidermal nerve loss 
is different among studies, varying from typical SFN with 
increased distal/proximal ratio or prevalent proximal den-
ervation. As a matter of fact, the most of studies concurred 
with a clinical picture not resembling SFN.

General remarks

There are concerns against both the hypotheses of prevalent 
central or peripheral nervous system involvement in FM. 
The incredible amount of studies reporting central dysfunc-
tion in pain processing would not be conclusive to define 
FM as a pure central nervous system disorder. Psychiatric 
comorbidity is prominent in FM patients, but it could a fac-
tor facilitating central sensitization, and not the primary 
cause of the disease [79]. In fact, central sensitization is 
quite independent of the primary cause of pain, occurring in 
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nociceptive and neuropathic pain, defined as disorders with 
validated nerve damage at the central or peripheral level 
[80]. Chronic pain that arises without evidence of actual or 
threatened tissue damage or evidence for disease or lesion 
of the somatosensory system could be included in a sepa-
rate category called nociplastic pain [81]. The subgroup of 
FM patients without evidence of small fibers impairment 
fully respond to the criteria for nociplastic pain, but similar 
mechanisms seem to coexist in the majority of patients pre-
senting with peripheral denervation.

In peripheral neuropathic pain, factors favoring chronic 
evolution could rely on maladaptive processes within the 
central nervous system (CNS) [82]. Some neurophysiologi-
cal signs could show a tendency toward a central amplifica-
tion of pain even in patients with peripheral neuropathies. 
Reduced habituation of laser-evoked potentials displays an 
abnormal central pain processing in patients with painful 
radiculopathies [83]. In chronic nociceptive pain, like that 
occurring in osteoarthritis, there is an increased sensitiv-
ity to various experimental painful stimuli compared with 
age-matched controls, suggesting that central sensitization 
phenomena could accomplish and aggravate any type of pain 
as a factor favoring chronic evolution [84]. In fact, defining 
FM as a disorder within the central sensitization spectrum 
[80] does not explain its origin nor attribute it to a primary 
CNS disorder.

On the other side, the existence of peripheral small fibers 
denervation would explain several symptoms of FM, includ-
ing overlapping syndromes, as postural tachycardia syn-
drome (PoTS), and systemic exercise intolerance disorder, 
formerly referred to as chronic fatigue syndrome [85]. The 
complexity of those syndromes may vary in relation to the 
prevalent involvement of small sensory and autonomic fib-
ers and the presence of a focal, generalized, length/depend-
ent, or not length-dependent process. However, the occur-
rence of epidermal nerve fiber loss has been found in several 
conditions involving peripheral and central nervous system 
[86–90]. Small fiber pathology may be the expression of a 
multisystem involvement caused by the same pathophysi-
ological mechanisms underlying the respective disease and 
not the first pathophysiological event. The origin of small 
fibers damage is still not clear. A recent hypothesis about a 
specific immunological activity responsible for peripheral 
nociceptive afferent sensitization came from an experiment 
in animal treated with Igg from FM patients [91]. Fasolino 
et  al. [46] found rare variants of voltage-gated sodium 
channels within FM cohort, including the SCN9A variant 
described in small fiber neuropathy. The genetic origin of 
small fibers involvement should be confirmed and worthy 
for specific studies.

Moreover, in an animal model study on rats [92] the bilat-
eral deliver into the insula of glutamate transport inhibitor 
l-trans-Pyrrolidine-2,4-dicarboxylic acid (PDC), increasing Ta
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endogenous glutamate, produced a persistent increase in 
multimodal pain behaviors and a decrease in peripheral 
nerve fibers. This preclinical finding provides preliminary 
support to the hypothesis that insular hyperactivity may be 
a casual factor in the development of small fiber pathology 
in FM.

On the other side, studies on patients with SFN [93] high-
lighted the influence of peripheral nerve degeneration on the 
functional connectivity of the brain circuits, implicating that 
deprivation of small fiber sensory inputs impairs emotional 
and cognitive processing of pain in the limbic system.

Conclusions

In the light of the above-reported arguments, the coexist-
ence of both peripheral and central system involvement is 
established, according to FM as a wide spectrum of pheno-
types, varying from clinical profiles more similar to SFN 
to features typical for nociplastic pain. The example of FM 
may be also extended to other neurological diseases where 
the functional and anatomical changes are not confined to 
the peripheral or central districts. Moreover, the complex 
interaction between central and peripheral factors is opening 
a new scenario about the management of many neurological 
disorders.

The first unresolved issue is the primary origin of FM, if 
peripheral or central. Whether non-length-dependent SFN 
is an initiating event leading to FM, or is the consequence 
of stress-related insular hyperexcitability, remains unclear. 
Mild sufferance of peripheral afferents, probably genetically 
or immunologically determined, could function as a trig-
ger for an exaggerated response of the so-called “salience 
matrix” in predisposed individuals. A common genetic field 
could thus explain the peripheral mild denervation and the 
cortical hyperexcitability. On the other side, the intriguing 
hypothesis rising from animal models could indicate that the 
cortical hyperfunction could cause peripheral small afferent 
damage. The research should go on the genetic or immuno-
logical origin of such peripheral and central abnormalities, 
the acquired facilitating factors, and the presence of differ-
ent phenotypes in order to search for efficacious treatments, 
which are still lacking [94]. A careful neurological examina-
tion, taking into consideration signs of central sensitization, 
psychopathological features, and autonomic involvement, 
could be mandatory. Routine screening for SFN may thus 
be useful at least for the recognition of treatable causes [76], 
and to look for further treatment strategies, and possible fac-
tors predicting response to current available drugs.
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