
PERSPECTIVES IN RHEUMATOLOGY

Dorsal root ganglia: fibromyalgia pain factory?
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Abstract
This perspective article focuses on dorsal root ganglia (DRG) as potential fibromyalgia main pain source. Humans possess 31
pairs of DRG lying along the spine. These ganglia have unique anatomical and physiological features. During development,
DRG are extruded from the central nervous system and from the blood-brain barrier but remain surrounded by meningeal layers
and by cerebrospinal fluid. DRG house the pain-transmitting small nerve fiber nuclei; each individual nucleus is tightly
enveloped by metabolically active glial cells. DRG possess multiple inflammatory/pro-nociceptive molecules including ion
channels, neuropeptides, lymphocytes, and macrophages. DRG neurons have pseudo-unipolar structure making them able to
generate pain signals; additionally, they can sequester antigen-specific antibodies thus inducing immune-mediated hyperalgesia.
In rodents, diverse physical and/or environmental stressors induceDRG phenotypic changes and hyperalgesia. Unfolding clinical
evidence links DRG pathology to fibromyalgia and similar syndromes. Severe fibromyalgia is associated to particular DRG ion
channel genotype. Myalgic encephalomyelitis patients with comorbid fibromyalgia have exercise-induced DRG pro-nociceptive
molecules gene overexpression. Skin biopsy demonstrates small nerve fiber pathology in approximately half of fibromyalgia
patients. A confocal microscopy study of fibromyalgia patients disclosed strong correlation between corneal denervation and
small fiber neuropathy symptom burden. DRG may be fibromyalgia neural hub where different stressors can be transformed in
neuropathic pain. Novel neuroimaging technology and postmortem inquest may better define DRG involvement in fibromyalgia
and similar maladies. DRG pro-nociceptive molecules are attractive fibromyalgia therapeutic targets.
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Sodium channels

Significant advances in fibromyalgia knowledge have been
gained in the last decade. The focus is being shifted from
considering fibromyalgia a centralized pain syndrome to rec-
ognizing the role of autonomic and peripheral nociceptive
nervous systems in the generation of widespread pain, fatigue,
and insomnia. The description of small nerve fiber pathology
in a sizable subgroup of fibromyalgia patients strongly sup-
ports the disease neuropathic-autonomic underpinning [1].

Fibromyalgia overlaps with other complex painful-
dysautonomic syndromes including myalgic encephalomyelitis/
chronic fatigue syndrome (ME/CFS), postural orthostatic tachy-
cardia syndrome, gulf war illness, macrophagicmyofasciitis, and

post-HPV vaccination syndrome. These overlapping syndromes
may have common underlying pathophysiology [2].

Fibromyalgia is clearly a stress-related disorder.
Psychological distress, physical trauma, and/or autoim-
mune illnesses are frequent fibromyalgia drivers. Dorsal
root ganglia (DRG) have unique anatomical and physio-
logical features making them able to convert varied affer-
ent stressful impulses, including psychological distress, in-
to neuropathic pain [3].

Previous publications from our department discussed the
potential role of DRG sodium channels in fibromyalgia pain
[4, 5]. The objective of this communication is to examine
DRG unique pro-nociceptive anatomy, physiology, and im-
mune competence, as well as to analyze recent clinical and
experimental evidence linkingDRG physiopathology to fibro-
myalgia pain. The focus on DRG as potential fibromyalgia
pain factory in no way disregards other pathogenic proposals.
Discussion of other hypotheses is beyond the scope of this
perspective article.
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Dorsal root ganglia unique anatomy

Human beings possess 31 pairs of DRG lying along the spine.
The trigeminal ganglia share with DRG similar structure and
physiology. Embryologically, DRG belong to the central ner-
vous system. During the development process, DRG are ex-
truded to the periphery but remain shrouded by meningeal
layers and bathed in cerebrospinal fluid. Nevertheless, DRG
lie outside the brain-blood barrier. Fenestrated capillaries irri-
gate DRG, so blood-borne molecules, antigens, or infecting
agents can easily enter these ganglia interacting there with
different metabolic and immune-competent cells. Herpes virus
can lie dormant for years in these paravertebral nodules [6, 7].

DRG house the small and large sensory nerve fibers soma.
Each ganglion contains approximately 100,000 nerve fiber
nuclei. Every nucleus is tightly enveloped by immunological-
ly active glial cells (Fig. 1). The robust DRG blood supply
fulfills the metabolic needs of the extremely long and slender
sensory nerve unit. The small unmyelinated DRG nerve fibers
convey painful stimuli arising from the extensive skin area
and from internal organs including the cardiovascular system,
gastrointestinal tract, and bladder, among others [6, 7]. The
eye cornea is the most pain-sensitive part of the body owing to
the extremely dense small fiber innervation. This feature
makes the cornea the ideal site to study small nerve fiber
pathology [8].

DRG neurons have “pseudo-unipolar” structure (Fig. 1); a
single axon projects from the cell body and bifurcates at the T-
junction. The peripheral portion of the axon is responsible for
afferent signaling [6]. The proximal portion of the axon extends
into the central nervous system and shows considerable arbor-
izations into the spinal cord spreading pain anatomical derma-
tomes. DRG are in direct connection with the sympathetic
nerve chain via communicating nerves [7]. Owing to its
pseudo-unipolar feature, DRG can generate and/or filtrate pain-
ful signals directed to the central nervous system. Epidurally
inserted catheters can electrically stimulate DRG vicinity to
treat different regional neuropathic pain syndromes [7].

Dorsal root ganglia pro-nociceptive
micro-anatomy

Glial cells enveloping small nerve fiber nuclei have important
metabolic and immunological function. These glial cells possess
sizable amounts of transporters, glutamate receptors, and class I/
II major histocompatibility complex molecules. DRG neurons
have pro-nociceptive ion channels including voltage-activated
sodium channels (NaV1.7, Nav1.8, and Nav1.9), calcium chan-
nels, and transient receptor potential channels. Nav1.7 and
Nav1.8 sodium channels play an important role in the patho-
physiology of inflammatory and neuropathic pain [6].

Fig. 1 a Micrograph section of a thoracic human dorsal root ganglia in
higher magnification showing neuronal nuclei of different sizes in the
periphery of DRG, next to the thick connective tissue covering. b
Schematic representation of the micrograph figure highlighting the
variety of different structures and cell types in human dorsal root
ganglia. 1 = connective tissue layers, 2 = fibroblasts, 3 = capillaries, 4 =
basement membran, 5 = nerve, 6 = satellite glial cells, 7 = pseudo-

unipolar process originating from sensory neurons with prominent
nuclei containing a singular nucleolus (8) and sometimes lipofuszin (9).
10 = Non-neuronal cells including T and B lymphocytes and macro-
phages (11). Reproduced from Haberberger et al. Human dorsal root
ganglia [6]. This open access publication explicitely allows reproduction
of the figures providing the appropiate credit is given
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Other DRG pro-nociceptive compounds include neuropep-
tides such as calcitonin gene-related-peptide, substance P, and
galanin, as well as neurotrophins including nerve growth fac-
tor, brain-derived growth factor, and N-acetylaspartate [6, 9].
In summary, DRG contain large pain-inducing arsenal.

Dorsal root ganglia immune competence

Lymphocytes and macrophages populate DRG (Fig. 1).
Macrophages play a major role in the initiation and mainte-
nance of the mechanical hypersensitivity that characterizes
neuropathic pain. After peripheral nerve injury, there is pro-
liferation of macrophages around DRG-injured sensory neu-
rons [10]. DRG do not have the machinery to produce anti-
bodies; nevertheless, an important discovery describes how
these paravertebral nodules play a key role in the immune-
nociceptive crosstalk. DRG Nav1.8 sodium channels modu-
late lymphocyte trafficking [11]; DRG sensory neurons can
sequester antigen-specific antibodies released by antibody-
secreting plasma cells [12]. These important findings could
enlighten the physiopathology of immune-mediated
hyperalgesia.

Hypothetical mechanisms whereby dorsal
root ganglia may induce chronic pain
in fibromyalgia and similar maladies

Psychological distress, physical trauma, and autoimmunity
are well-established fibromyalgia drivers. Similar stressful im-
pulses induce hyperalgesia in animal models; DRG play a
central role in this phenomenon [3].

In rodents, physical trauma (sciatic nerve ligation) leads to
DRG sympathetic sprouting via nerve growth factor overex-
pression establishing abnormal connections between the sym-
pathetic nervous system and the nociceptive system. In such
circumstances, norepinephrine induces pain [13].

Diverse animal models show stress-induced DRG inflam-
mation; females are more vulnerable. Prolactin, estrogens, and
progesterone favor DRG inflammation [3]. After sound stress
exposure, mice developed long-lasting hyperalgesia. Affected
mice had lysophosphatidylcholine 16:0 overexpression,
which triggered nociceptive signaling via activation of acid
sensing ion channel 3 and upregulated expression of DRG
phosphorylated extracellular signal-regulated kinase [14].

Hashimoto’s thyroiditis, Sjogren’s syndrome, lupus, and
other autoimmune disorders often coexist with fibromyalgia.
Dorsal root ganglionitis with neuropathic pain is a well-
recognized Sjogren’s syndrome complication [15]. In rare in-
stances, vaccination may induce severe fibromyalgia-like ill-
ness [16]. As already stated, DRG neurons are able to seques-
ter antigen-specific antibodies [12]. Human DRG neurons

express SARS-CoV-2 angiotensin converting enzyme recep-
tor2, speculatively explaining post-COVID-19 chronic pain
and fatigue [17]. These aggregated pieces of evidence suggest
that, in given instances, environmental stress, retained im-
mune complexes, viruses, or vaccine-derived antigens may
induce DRG inflammation and chronic pain.

Unfolding clinical evidence favoring dorsal
root ganglia involvement in fibromyalgia
and similar maladies

Several lines of investigation link DRG dysfunction to fibro-
myalgia and ME/CFS development. We described the associ-
ation of DRG Nav1.7 rs6754031 GG genotype with severe
fibromyalgia [4, 5]. In a different study, we learned that fibro-
myalgia patients have norepinephrine-evoked pain [18].

Light et al. found that moderate exercise increases expres-
sion for sensory, adrenergic, and immune genes in patients
with ME/CFS and comorbid fibromyalgia, but not in normal
subjects. Patients showed greater increases than controls in
gene expression for metabolite detecting DRG receptors in-
cluding acid-sensing ion channel 3, and P2X purinoreceptor 4
and 5. Furthermore, ME/CFS patients also had increased ex-
pression of sympathetic receptors αlpha-2A, βeta-1, βeta-2,
and catechol-o-methyltransferase, as well as for immune sys-
tem genes for Interleukin 10 and toll-like receptor 4 [19]. A
pilot postmortem inquest of 4 ME/CFS patients disclosed
DRG inflammation in 3 of them [20].

A preliminary publication authored by recognized neu-
ropathic pain investigators describes how fibromyalgia pain
can be passively transferred from patients to mice.
Immunoglobulin G (IgG) from fibromyalgia patients in-
duces hyperalgesia in mice. Immunohistochemical analysis
of tissues from mice that had been injected with patients
IgG using anti-human IgG antibodies revealed robust stain-
ing in DRG. In contrast, IgG from control subjects gener-
ated only low levels of immunoreactivity in DRG. Western
blood analysis detected fibromyalgia patients IgG in DRG,
but not in brain or spinal cord tissue. The fibromyalgia
patients IgG was primarily located in DRG satellite glial
cells, fiber tracts entering the DRG and macrophages [21].

The most robust evidence linking fibromyalgia with DRG
pathology comes from the description of small fiber neuropa-
thy in approximately half of fibromyalgia patients [22]. Small
fiber neuropathy is a denervating disease. Fibromyalgia pa-
tients without marked anxiety or depression display strong
correlation between corneal denervation and small fiber neu-
ropathy symptom burden [8]. A tentative explanation for the
peripheral denervation seen in small fiber neuropathy is DRG
nuclear degeneration. Damaged nuclei may become unable to
maintain the long-slender nerve unit metabolic needs,
resulting in distal nerve atrophy.
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Future directions

Novel neuroimaging techniques are able to define DRG met-
abolic activity. Magnetic resonance imaging (MRI) of human
DRG shows significantly increased permeability and intersti-
tial leakage compared to spinal nerves. Permeability is signif-
icantly higher in DRG nuclei–rich area than in the nerve fiber–
rich area. Female gender is associated with a significantly
increased vascular permeability within the DRG compared
to male [23].

Magnetic resonance neurography has consistently demon-
strated increased DRG perfusion in patients with painful neu-
ropathy associated to Sjogren’s syndrome [15], Fabry disease
[24], and oxaliplatin-induced polyneuropathy [25]. In con-
trast, MRI assessment of DRG volume has not shown ade-
quate clinical-pathological correlation [25]. Proton nuclear
magnetic resonance spectroscopy can recognize DRG pro-
nociceptive amino acids [9].

Future studies may define if fibromyalgia patients have
increased DRGmetabolic activity and if this hypermetabolism
correlates with disease severity. Systematic postmortem ex-
amination of fibromyalgia cases will provide direct informa-
tion on DRG histology.

There is much to be learned about DRG stimulation as
therapeutic tool. A recent report describes that DRG stimula-
tion reduces sympathetic muscle traffic [26]. This lowered
sympathetic outflow may benefit fibromyalgia patients. In a
rat model, after hind-limb injury, DRG stimulation leads to
decreased blood oxygen level–dependent functional magnetic
resonance imaging in pain-related brain areas [27].
Nevertheless, it seems unlikely that focalized DRG stimula-
tion may be useful treatment for widespread pain syndromes.

Autoimmune fibromyalgia may require different therapeu-
tic approach including immunoglobulin infusion or plasma-
pheresis [28].

Conclusions

DRG have unique anatomic and physiologic features allowing
transformation of diverse stressful signals, including psycho-
logical distress, into neuropathic pain. DRG may be fibromy-
algia main pain source. These ganglia possess multiple in-
flammatory, autoimmune, and nociceptive mediators. DRG
are in direct contact with the paravertebral sympathetic ner-
vous chain. The recent recognition of small nerve fiber pathol-
ogy in fibromyalgia patients supports DRG involvement in
this painful illness. The proposed link between DRG and fi-
bromyalgia can be tested using modern neuroimaging tech-
nology and postmortem inquest. DRG ion channels and other
pro-nociceptive receptors are attractive targets to explore in
the development of novel analgesic medications for
fibromyalgia.
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