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Pathophysiology and Management of Musculoskeletal Pain

Introduction
Chronic musculoskeletal pain is defined as a pain 
perceived in musculoskeletal tissues that lasts or 
recurs for more than 3 months, and is character-
ized by significant functional disability and emo-
tional distress.1 Pain is categorized as primary 
chronic pain if it cannot be directly attributed to a 
known disease or damage process, or as secondary 
if it is caused by a disease or process that directly 
affects the bones, joints, muscles, and/or related 
soft tissues.2 The latter category describes a group 
of heterogeneous pain conditions caused by infec-
tion, crystal deposition, and auto-inflammatory 
processes that lead to persistent local or systemic 
inflammation and/or structural changes. Of note, 
central nervous system diseases associated with 
severe spasticity can also cause musculoskeletal 
pain. Despite their biological and physiological dif-
ferences, these conditions share a common thread 
of persistent pain and repercussions that are felt in 
everyday life such as activity limitation and emo-
tional distress.3 It follows that chronic musculo-
skeletal pain has a major social and emotional 

impact that can include decreased socialization, 
inability to work, loss of independence, anxiety, 
depression, and concern for the future.4

Chronic musculoskeletal pain is highly prevalent 
in the general population, affecting approximately 
37% of the United States population, with an 
economic burden of $635 billion per year.5 
Similar figures have been described for chronic 
musculoskeletal pain in the European Union.6 
The overall prevalence of chronic musculoskele-
tal pain in the elderly ranges from 18.6% 
(Switzerland) to 45.6% (France).7 In a multi-
center study conducted in Italy, 45% of the 1606 
patients referred to pain clinics for the manage-
ment of chronic non-oncological pain had chronic 
musculoskeletal pain.8

The aim of this narrative review is to focus on the 
different pathogenic mechanisms of musculoske
letal pain and how these mechanisms interact to 
promote the transition from acute to chronic 
pain.
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Bone and muscle sensory innervation
Studies have outlined several differences between 
the sensory innervation of skin and bone.9,10 
Human skin is innervated by a wide variety of 
sensory nerve fibers, including type II or Aß fibers 
(large myelinated sensory nerve fibers with con-
duction velocities >30 m/s), type III or Aδ fibers 
(thin myelinated sensory nerve fibers with con-
duction velocities between 2 and 30 m/s), and 
type IV or C fibers (unmyelinated nerve fibers 
with conduction velocity of <2 m/s). Almost 30% 
of sensory fibers in the skin are ‘peptide rich’ fib-
ers that express tropomyosin receptor kinase A 
(TrkA) and release calcitonin gene-related pep-
tide (CGRP), otherwise called TrkA+ fibers. 
This population is complemented by ‘peptide 
poor’ nerve fibers, which usually do not express 
TrkA (TrkA− fibers).

In contrast, adult bones are mainly innervated by 
Aδ fibers and TrkA+ C fibers (>80%), with little 
if any innervation by Aß fibers or TrkA− C fib-
ers.9,10 The lack of innervation by Aß sensory 
nerve fibers is due to the fact that bone and joint 
structures are deep enough that fine touch, brush-
ing, and light pressure are not relevant informa-
tion, while the paucity of TrkA− C fibers is not 
completely understood. Most sensory nerve fibers 
in bone and joints are silent nociceptors that are 
only activated by high intensity, potentially dan-
gerous stimuli.9 These primary sensory neurons 
are pseudo-unipolar neurons whose cell bodies 
are localized in the dorsal root ganglia (DRG) 
and project to the spinal cord, mainly in laminae 
I, II, and V. Bone is also innervated by adrenergic 
and cholinergic sympathetic nerve fibers, which 
serve several functions, including bone remode-
ling, vascular regulation, immune cell infiltration, 
and bone progenitor cell function.11

The innervation of bone and joints also varies in 
morphology, density, and the arrangement of 
nerve fibers. The periosteum has the densest sen-
sory innervation of any bone compartment; Aδ 
and C-sensory nerve fibers are arranged like a fish-
net for the purpose of detecting mechanical injury 
or the distortion of underlying cortical bone. In 
contrast, innervating sympathetic nerve fibers, 
usually associated with blood vessels, reproduce 
the morphology of a corkscrew.10 In cortical bone, 
sensory and sympathetic nerve fibers are predomi-
nantly confined to the vascularized Haversian 
canals. The relative densities of Aδ and C-sensory 
nerve fibers in the periosteum, cortical bone, and 
marrow are 100:2:0, respectively.12 In cortical 

bone, sensory nerves fibers are linear, while in 
bone marrow they branch out with varicose end-
ings. Sympathetic fibers spiral around the vessels 
in bone marrow similarly to those in cortical 
bone10,13 (Figure 1).

The ligaments, capsules, and menisci are also 
innervated by a rich network of Aδ and C-fibers. 
Polymodal C-fibers represent the most important 
type of joint receptor in all structures including 
the synovium, while the cartilage is aneural and 
avascular. This innervation pattern helps to reduce 
the occurrence of inflammation and prevents the 
sensation of pain during daily joint loading. Aδ 
fibers are present on the ligament surface where 
they act as high-threshold mechanoreceptors, 
responding to high intensity mechanical stimuli.14 
Other innervated joint structures can also be a 
source of chronic pain: the infrapatellar fat pad, 
together with synovial membrane, is involved in 
the pathogenesis of osteoarthritis of the knee and 
associated pain.15 Finally, joint pain can also arise 
from adjacent or peri-articular structures includ-
ing the bursae and tendons, or can be caused by 
extra-articular disorders such as polymyalgia 
rheumatica and fibromyalgia (Figure 2).

A variety of nociceptors are present in skeletal 
muscle, including mechanic, mechano-heat, and 
polymodal nociceptors. Most of these nociceptors 
have a high stimulation threshold and are there-
fore not stimulated physiologic movement or 
muscle stretch. Some nociceptors respond when 
tonic muscle contractions become ischemic, 
exceeding the maximum muscle force (i.e. 
ischemic contractions). This subtype of muscle 
nociceptor is possibly involved in the pathogene-
sis of some tension-type headaches with increased 
electromyographic activity.16

In summary, bone and muscle are innervated by 
Aδ- and TrkA+-sensitive C-fibers, but also adr-
energic and cholinergic sympathetic nerve fibers, 
arranged in several tridimensional patterns and in 
different densities among structures. All these fib-
ers can contribute to pain transmission.

Neurobiology of bone/muscle pain
Normally, Aδ and C-sensory fibers in bone are 
silent and are only activated by noxious stimuli 
such as mechanical distortion, local acidosis, or an 
increase in intramedullary pressure (Figure 1). In 
the case of bone fracture, Aδ mechano-transducers 
that densely innervate the periosteum are activated, 
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causing a sharp, stabbing pain. This initial pain 
usually subsides quickly and is replaced by a lower-
intensity, dull, aching pain transmitted by the 
slower C-fibers of the periosteum, bone, and 
marrow.17

Local acidosis, caused by the increased release of 
protons from osteoclasts during bone resorption, 
can also induce bone pain. This is the case in 
bone cancer, some skeletal diseases, and synovial 
inflammation. Aδ and C-sensory nociceptive 

Figure 1.  Organization of bone innervation of the periosteum, cortical bone, and marrow.
On the left side, main stimuli and mediators of bone pain are shown. Green dotted lines represent Aδ fibers, purple 
lines C-fibers, and yellow lines sympathetic fibers. Numbers shown refer to the relative density of nervous fibers in the 
periosteum, cortical bone, and marrow, respectively. See text for details.
ATP, adenosine triphosphate; ILs, interleukins; NGF, nerve growth factor; PGE2, prostaglandin E2.

Figure 2.  Joint and muscle innervation.
Aδ fibers (green dotted lines) innervate ligaments while intraarticular structures are mostly innervated by C-sensory (violet 
lines) and sympathetic fibers (yellow lines). Cartilage (in light blue) is aneural and avascular under physiologic conditions.
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fibers in the bone and joints express acid-sensing 
ion channel (ASIC) 1, ASIC3, and transient 
receptor potential channel-vanilloid subfamily 
member 1 (TRPV1), another acid-sensing ion 
channel. These ion channels are activated when 
the local extracellular pH falls to nearly 4.17–19 
Also in joint tissues, Aδ mechano-gated receptors 
responding to high-intensity stretch stimuli have 
been implicated together with ASICs in pain 
transmission.20

Intramedullary pressure and associated bone pain 
can be caused by neoplasms, intraosseous engorge-
ment syndrome, or osteomyelitis. The discharge 
frequency of innervating Aδ and C-fibers increases 
proportionately with increasing intramedullary 
pressure.17

Lastly, a newly discovered mechanically gated ion 
channel, Piezo2, is expressed in 70% of the Aδ 
nociceptors that innervate bone marrow. Given 
the structure of this channel with between 25 and 
30 trans-membrane repeats, it is thought that 
Piezo2 contributes to the mechanical sensitivity 
of Aδ mechano-nociceptors.10

Both purinergic (e.g. P2X3-R) and TRPV1 
receptors have been identified as pain transducers 
in skeletal muscle. Adenosine triphosphate (ATP) 
released during trauma or other pathologic pro-
cesses binds purinergic receptors to excite nocic-
eptive fibers. For this reason, ATP is an important 
molecular signal of general tissue trauma.

Persistent activation of TRPV1 receptors can lead 
to their upregulation and, as a consequence, long-
lasting hyperalgesia.16 In an acid-induced model 
of muscular pain, ASIC3 channels have also been 
shown to contribute to the development of 
mechanical hypersensitivity in this manner.21

Inflammatory pain and Aδ/C-fiber 
sensitization
Inflammation can cause allodynia (i.e. pain in 
response to innocuous stimuli) and/or hyperalgesia 
(i.e. an increased pain response to noxious stimuli) 
through the sensitization of sensory afferent fibers. 
During inflammation or tissue injury, damaged cells 
and immune cells release a variety of substances 
known as inflammatory mediators, such as brady-
kinin, nerve growth factor (NGF), prostaglandin E2 
(PGE2), pro-inflammatory cytokines [e.g. interleu-
kin (IL)-1β, IL-6, tumor necrosis factor-α (TNF-
α)] and chemokines (e.g. chemokine ligand 2)(22–24) 

(Figure 3). These inflammatory mediators act both 
directly on peripheral nociceptors, eliciting sensiti-
zation, and indirectly by promoting inflammation 
and the release of prostaglandins. Sensitization 
occurs via the activation of intracellular signaling 
pathways [e.g. mitogen-activated protein kinase 
(MAPK), protein kinase A (PKA), and protein 
kinase C (PKC)]. Key enzymes in these pathways 
enhance signaling efficiency in the nociceptor termi-
nal through the phosphorylation of transducer 
receptors and voltage-gated ion channels. These 
changes occur rapidly to facilitate dynamic responses 
to injury and, as an end-result, increase or amplify 
nociceptive input to the central nervous system.23,24 
Following acute inflammation, a significant per-
centage of unmyelinated C fibers, otherwise insensi-
tive to mechanical stimulation in the normal joint, 
develop responsiveness to mechanical stimulation 
and exhibit increased activity. Accordingly, these 
‘silent’ nociceptors contribute significantly to bone 
and joint pain under pathological conditions.20

Mediators involved in pain sensitization
NGF is one of the best studied mediators of bone 
pain in both preclinical and clinical studies. NGF 
released in injured bone binds to TrkA on TrkA+ 
fibers, resulting in the downstream phosphoryla-
tion and sensitization of several receptors co-
expressed on these nerve fibers, including TRPV1, 
ASIC3, prostaglandin receptors (EP2), bradykinin 
(B2) receptors, and mechano-transducers.23 As a 
result, nociceptors become excited by prostaglan-
dins and bradykinin released by injured tissues or 
by small amounts of acid released by osteoclasts.25 
The nociceptor threshold for action potential firing 
decreases while its firing rate increases.

In addition to eliciting the release of inflammatory 
mediators, articular microtrauma caused by injury 
or joint overuse that occurs with aging26 can also 
cause the release of damage-associated molecular 
pattern proteins (DAMPs). DAMPs are produced 
by stressed or dying cells and can include fibronec-
tin and intracellular alarmins, as well as plasmatic 
exudate proteins like α2-macroglobulin. Sensory 
neurons express pattern recognition receptors, 
which interact with DAMPs to trigger an innate 
immune response and inflammation through the 
release of chemokines and inflammatory cytokines.26 
The presence of inflammatory cells such as mac-
rophages, T lymphocytes, and mast cells in the syn-
ovium contributes to joint pain and relates to pain 
severity. It was recently demonstrated that mast 
cells can both release and respond to NGF.26 
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Moreover, IL-18 secreted by neutrophils promotes 
mechanical hyperalgesia in a murine model of mus-
cular pain.27

Finally, the binding of NGF to TrkA receptors 
results in the internalization of the NGF-receptor 
complex and drives the expression of various neu-
rotransmitters, including substance P (SP), CGRP, 
and brain-derived neurotrophic factor (BDNF), as 
well as that of sodium and calcium channels. The 
cumulative effect is to increase nociceptor excita-
bility.13 Recent evidence highlights the role of 
sodium ion channel subtype 1.8 and hyperpolari-
zation-activated cyclic nucleotide-gated (HCN) 
channels in painful neuropathy. HCNs are acti-
vated by guanosine 3',5'-cyclic monophosphate 
(cGMP) and adenosine 3',5'-cyclic monophos-
phate (cAMP) and act as weakly selective potas-
sium channels.18

Ectopic nerve sprouting and the role of 
sympathetic/parasympathetic fibers
Bone pain can also be caused by the pathological 
sprouting of sensory and sympathetic nerve fibers 
surrounding sites of injury. Inflammatory and 
stromal cells release neurotrophic factors such as 
NGF and vascular endothelial growth factor to 
induce nerve sprouting and subsequent hyper-
innervation of the periosteum, bone, and mar-
row.28 CGRP+ and SP+ sensory fibers located 
in the deep layers of the periosteum can emerge 
and penetrate the cartilage callus and newly 
formed bone tissue.11 Nerve sprouting is observed 
during normal bone healing, probably to discour-
age use of the injured bone until it completely 
heals. After healing has occurred, the newly 
sprouted nerve fibers are ‘pruned’ back so that 
the innervation of bone returns to its normal 
state.20 However, when normal bone healing 
does not occur, such as in the case of bone metas-
tasis or osteoarthritis, the injured bone remains 
hyper-innervated and a state of abnormal pain sen-
sitivity is preserved.13 Ectopic nerve sprouting has 
also been demonstrated in normally aneural and 
avascular areas of the human intervertebral disc.29 
Similarly, sympathetic and sensory-nerve-fiber 
sprouting has been reported in the murine knee 
joint,30 and pharmacological suppression of sym-
pathetic fiber activation significantly attenuates 
osteoarthritis-like pain-related behaviors.31 In 
osteoarthritis, sympathetic nerves can invade cal-
cified cartilage, alter communication between 
cartilage and bone, and even sprout in the syno-
vial membrane and upper dermis. Parasympathetic 

fibers can modulate local inflammation through 
acetylcholine binding of specific nicotinic recep-
tors (i.e. alpha 7), resulting in a strong anti-
inflammatory effect.32 Furthermore, sympathetic 
nerve fibers may play a role in osteoarthritis and 
complex regional pain syndrome by modulating 
the function of sensory nerve fibers.9,33 
Catecholaminergic and cholinergic mediators 
produced in the bone or synovium can also 
directly affect cartilage due to the expression of 
their receptors on chondrocytes.

Lastly, nerve sprouting has also been demon-
strated in muscles. When long-lasting pathologi-
cal alterations occur in muscle tissue, the density 
of neuropeptide-containing nerve endings 
increases. In the rat gastrocnemius–soleus mus-
cle, chronic inflammation is associated with a 
twofold increase in the number of SP+ fibers.16

Figure 3.  Schematic representation of the contribution of mast cells and 
microglia to degenerative joint diseases and neuro-inflammation.
At the articular level, mast cells are located mainly in the synovial membrane and 
joint capsule, and elsewhere, mostly along blood vessels and nerve endings of the 
joint. Peripheral and central mast cells are likely play a crucial role in the shift of 
acute to chronic pain by interacting with other immune cells and somatosensory nerve 
terminals. In the periphery, persistent mast-cell activation promotes the recruitment 
of other immune cells such as lymphocytes at the lesion site, amplifying inflammatory 
processes and causing a sensitization of peripheral nociceptors and spinal 
somatosensory neurons. In the CNS, mast cells amplify neuro-inflammatory processes 
by promoting glial-cell activation, which coordinates inflammation at the spinal level 
and central sensitization of central somatosensory neurons (courtesy of Wiley).21

CNS, central nervous system.
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Central spinal plasticity and cortical 
remodeling
While primary hyperalgesia coincides with the site 
of damage and is sustained by peripheral sensitiza-
tion, secondary hypersensitivity that develops dis-
tant from the injury site is explained by central 
spinal plasticity.34 C fiber activation drives tran-
scriptional changes through increased glutamater-
gic and neuropeptide release in spinal neurons; 
neurotransmitter binding increases intracellular 
calcium, induces kinase activation (e.g. PKA, 
PKC, calmodulin protein kinase II , extracellular 
regulated kinase), and ultimately causes rapid 
post-translational as well as long-term translational 
and transcriptional changes. The cumulative effect 
of these changes is to increase local excitatory 
activity and alter local and descending inhibitory 
control. A persistent peripheral nociceptive stimu-
lus can cause long-term potentiation (LTP) at the 
spinal level, that is, a long-lasting increase in syn-
aptic transmission. LTP is thought to be a critical 
mechanism underlying central hyperexcitability. 
Recent evidence suggests that greater homosynap-
tic and heterosynaptic LTP develop in a context of 
muscle pain than in cutaneous pain.35 Consistent 
with these observations, afferent sensory fibers 
express increased numbers of alfa-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid receptors after 
repetitive stimulation.36

Several mechanisms have been proposed to 
explain central neuronal hyperexcitability. An 
increase in the release of SP, CGRP, and inflam-
matory cytokines in the spinal dorsal horn occurs 
4 weeks after a bone fracture.37 Increased spinal 
FOS expression (a marker of injury-induced spi-
nal hyperexcitability) and altered inhibition from 
the rostral ventromedial medulla (RVM) have 
been demonstrated in a model of knee osteoar-
thritis.38 Moreover, increased expression of the 
endogenous opioid peptide dynorphin (a mole-
cule implicated in chronic pain) promotes the 
activation of spinal bradykinin receptors.39 
Modifications in neural morphology, function, 
and distribution have been demonstrated in sub-
cortical and cortical regions such as the thalamus, 
primary somatosensory cortex, and primary 
motor cortex in patients with chronic musculo-
skeletal pain.40 Tonic muscle pain recruits a num-
ber of brain areas including the cingulate cortex, 
amygdala, insula, nucleus accumbens, medial 
prefrontal cortex, and dorsolateral prefrontal cor-
tex.41 These mesolimbic–prefrontal structures 
participate in the cognitive affective aspects of 
pain including behavioral reactions, fear, aversive 

conditioning, and carefulness. Moreover, these 
regions modulate descending pain inhibition [i.e. 
via the periaqueductal grey (PAG)-RVM path-
way], which, as described previously, has an 
important role in abnormal pain processing.40

Crosstalk between the immune and nervous 
systems
Persistent injurious stimuli can sustain prolonged 
inflammation in the nervous system at both the 
peripheral and central levels.22 Combined and 
coordinated immune and neuronal responses 
occur to establish a crosstalk wherein the two sys-
tems regulate one other. This process can involve 
non-neuronal cells such as glial, epithelial cells, 
mast cells, and mesenchymal cells. Once acti-
vated, these cells can discharge pro-inflammatory 
mediators like PGE2, TNF-α, IL-1β, granulo-
cyte-macrophage colony-stimulating factor, and 
NGF in proximity to nociceptors and, in turn, 
drive antidromic action potentials and induce 
neurogenic inflammation by eliciting the release 
of other factors such as CGRP and SP. CGRP 
and SP promote vascular permeability and the 
extravasation of immune cells.23 Therefore, neu-
rons together with glia, mesenchymal cells, and 
immune cells constitute a coordinated network 
that responds to injurious stimuli. In a pathologi-
cal scenario, this network elicits an immune 
response that amplifies inflammation and tissue 
damage, produces allodynia and hyperalgesia, 
and modifies pain processing in a way that may 
favor its chronification.42 Immune–neuronal 
crosstalk is bidirectional and must be kept in 
mind when considering potential therapeutic tar-
gets for alleviating pain.22,43 Indeed, new thera-
pies that target neurotrophin release and 
immune-cell activation or migration are currently 
under study.43

Glial contribution and endocannabinoids
Glial cells account for almost 50% of the nervous 
system and consist of astrocytes, microglia, and 
oligodendrocytes. Astrocytes are the most abun-
dant glial cells and have a complex and heteroge-
neous morphology.44 Microglia have been defined 
the scavengers of the nervous system as they behave 
much like macrophages, protecting neurons from 
infected or damaged cells. Astrocytes and micro-
glia are quiescent under normal physiological con-
ditions but can be activated by tissue damage and 
during pain. This reactive state is characterized by 
an increase in both the number and morphology of 
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cells. Morphological changes in so-called ‘primed 
microglia’ include hypertrophy of the soma, the 
retraction of processes, and changes in surface 
receptor expression45 (Figure 4). In discogenic 
pain, neuro-inflammatory markers such as NGF, 
interferon gamma, and IL-8 stimulate microglial 
activation, proliferation, and chemotaxis.45,46

Glial stimulation enhances the secretion of IL-1, 
IL-6, and TNFα; this upregulation of pro-
inflammatory mediators in the spinal cord has 
been linked to mechanical allodynia and sponta-
neous pain in models of bone cancer pain.47 
After activation, spinal glia exhibit an increased 
expression of P2X-Rs. The stimulation of 
P2X4Rs leads to calcium influx, p38-MAPK 
activation, and consequent synaptic release of 
BDNF.48 The binding of BDNF to TrkB recep-
tors in the dorsal horn further increases the con-
centration of intracellular chloride and reduces 
gamma-aminobutyric-acid-mediated inhibition 
in a mechanism thought to underlie allodynia 
and hyperalgesia.49

A growing body of evidence underscores the 
importance of cannabinoid receptors (CB1 and 
CB2) expressed both on glia and neurons at 
peripheral, spinal, and supraspinal sites.50 These 

receptors bind several endogenous lipid ligands 
(so-called endocannabinoids, such as arachidonyl 
ethanolamide and 2-arachidonyl-glycerol) and 
modulate pain, mood, appetite, and emesis. 
While CB1 is expressed on nociceptors, both 
CB1 and CB2 are present in the DRG. At the 
spinal level, CB1 is present in the dorsolateral 
funiculus, around the central canal, and in the 
superficial dorsal horn, while CB2 is distributed 
on lumbar glial cells and activated microglia. In 
the brain, CB1 is detected in the thalamus, amyg-
dala, parabrachial nucleus, PAG, and RVM, 
structures that participate together in pain trans-
mission, modulation, and perception. The mech-
anism underlying the antinociceptive action of 
cannabinoids includes the inhibition of presynap-
tic neurotransmitter release, reduction of neu-
ronal excitability at the postsynaptic level, and 
activation of descending inhibitory pathways.50 
The roles of different cannabinoid receptors are 
still under study: in a preclinical study of muscle 
pain, both CB1 and CB2 were involved in nocic-
eptive modulation.51

Sex and musculoskeletal pain
In recent years, clinical research has identified 
some sex-related clinical manifestations of painful 

Figure 4.  Resting and primed microglia: the main differences.
With aging and/or pain stimulus, the phenotype of microglia becomes predominantly primed. It responds in a more intense 
manner, producing a greater amount of pro-inflammatory mediators and for a longer time. Primed microglia induce 
persistent neuro-inflammatory response, capable of damaging tissue integrity and neuron function. (Courtesy of the Paolo 
Procacci Foundation.)
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musculoskeletal conditions.34,52 Studies suggest 
that compared with men, women experience 
higher pain intensity, greater pain-related interfer-
ence with function, and more disability. Women 
also report worse depression, anxiety, and self-
efficacy.53 Several biological and biochemical sex 
differences have been characterized in a context of 
musculoskeletal pain. Female muscle has a higher 
density of mechanically sensitive Aδ and C affer-
ents that increase their activity in response to 
mechanical distortion or metabolites such as ATP, 
lactate, and protons.52 At the level of the DRG, 
female tissues display the specific upregulation of 
TRPV1, while male tissues appear to distinctly 
upregulate ASIC3.52

Women also appear to respond to tissue damage 
with higher cytokine production than men and in 
a manner that corresponds with a stronger inflam-
matory response and higher level of pain.34 
Moreover, it has been suggested that morphine is 
more effective in men than in women, and that 
the incidence of opioid-related adverse events is 
higher in women than in men. At the glial level, 
morphine can stimulate the production of pro-
inflammatory cytokines by binding to TLR4, 
causing a reduction in the analgesic effect of mor-
phine. This action is more pronounced in women 
than in men.34

The exclusive use of male animals in preclinical 
experiments has generated an important sex bias 
on our understanding of pain neurobiology,49 
since it is now recognized that glial cells behave 
differently in male versus female tissues. Whereas 
pain-associated glial proliferation in the DRG is 
quite similar between the sexes, females show a 
relatively weaker upregulation of P2X4Rs and 
the activation of a microglia-independent path-
way. Moreover, microglial BDNF does not 
appear to be involved in the maintenance of neu-
ropathic pain in female mice. Instead, preclinical 
data suggest that T lymphocytes play an impor-
tant role in pain hypersensitivity in females.49 
Other evidence suggests that the ability of testos-
terone to elicit microglial-mediated sensitization 
is independent of sex.48 The exact nature of sex 
differences in pain modulation is still not fully 
understood.

Interestingly, neuronal activation of N-methyl 
D-aspartate (NMDA) in a pain context is consist-
ent between the sexes,48 and similarly, no sex dif-
ferences have been observed in the expression of 
IL-10 or macrophages in muscle pain.54

Mood, demographic and social factors
Depressive mood, tendency for somatization, and 
pessimistic beliefs about health are important fac-
tors influencing the occurrence and persistence of 
primary musculoskeletal pain, as well as related 
disability.55 There is a complex interplay between 
emotional status, cognition, and pain. Chronic 
pain can negatively affect emotions, attention, 
and memory. On the other hand, emotions and 
cognition can either increase or decrease the per-
ception of pain.56 Negative treatment expectation 
dampens the analgesic effects of drugs,57 whereas 
the expectation of pain relief is an important com-
ponent of placebo analgesia.58

An association between common musculoskeletal 
painful conditions and psychosocial aspects of 
work activity (e.g. perceived job dissatisfaction, 
job strain, and boredom with actual work) has 
been reported in observational studies.59

Education and socioeconomic status may con-
tribute to the experience and chronification of 
pain, especially in musculoskeletal diseases.60 For 
example, individuals with low levels of education 
and those living in areas of poverty are at a higher 
risk of developing pain and disability related to 
knee osteoarthritis.61

Psychosocial factors also influence gene expres-
sion in chronic musculoskeletal pain: for exam-
ple, higher levels of BDNF expression are related 
to higher biopsychosocial complexity and can be 
linked to an increased risk of central plasticity.62 
Other research suggests that different micro-ribo-
nucleic acid (micro-RNA) fragments have higher 
expression in neuropathic versus nociceptive mus-
culoskeletal pain.63

In summary, the assessment of and therapeutic 
development for chronic musculoskeletal pain 
must be global, focusing not only on molecular 
targets but also on demographic, psychological, 
and contributing social factors.55

Discussion
In recent years, there has been a remarkable inter-
est in the pathogenesis of chronic musculoskeletal 
pain. Research indicates that musculoskeletal pain 
can be driven by the stimulation of Aδ and C-fibers 
through mechanical distortion, local acidosis 
around nociceptors, and increased bone medul-
lary pressure. These events in turn promote the 
release of inflammatory mediators, immune and 

https://journals.sagepub.com/home/tab


F Puntillo, M Giglio et al.

journals.sagepub.com/home/tab	 9

nervous system interactions, and glial stimulation 
at both peripheral and central sites. Moreover, 
musculoskeletal pain is modulated through other 
mechanisms such as changes in transcriptional 
activity, the ectopic sprouting of sensory nerve fib-
ers, and crosstalk between sympathetic and sen-
sory nerve fibers. A full knowledge of the 
mechanisms involved in the chronification of 
musculoskeletal pain can help pain physicians 
offer the most appropriate treatment. For exam-
ple, NGF has a pivotal role in musculoskeletal 
pain and NGF blockade might prevent or attenu-
ate peripheral sensitization and nerve sprouting to 
reduce bone pain. Unfortunately, the clinical util-
ity of anti-NGF antibodies (e.g. tanezumab) is 
limited by an unfavorable side-effect profile.9 
Other interesting potential therapies include 
NMDA receptor and P2X-R antagonists, anti-
IL-6 receptor antibodies (e.g. tocilizumab), and 
anti-TNF antibodies (e.g. adalimumab).19 
Neurolytic approaches such as radiofrequency 
ablation have also been proposed to reduce articu-
lar pain, showing initial efficacy in osteoarthritis. 
The long-term effects of these strategies are still 
unclear. Recently, epigenetic strategies (e.g. the 
use of micro-RNA fragments) have been proposed 
as an adjuvant approach to improve diagnostic 
accuracy and for therapeutic purposes.63

Finally, sex-specific pain mechanisms as well as 
mood and socioeconomic factors require better 
clarification in a context of musculoskeletal pain 
in order to allow physicians to provide a more tar-
geted and tailored management approach.

Limitations
Even if significant steps have been made in under-
standing some mechanisms that drive musculo-
skeletal pain, we are only beginning to elucidate 
how nerve, bone, muscle, and joint interact with 
one other. The pathophysiological mechanisms 
described in the present review provide only a par-
tial picture and are likely interlinked. Several addi-
tional molecular mechanisms potentially involved 
in pain generation have been described in the lit-
erature but have not yet been validated and are 
therefore not reported in this review. In reality, the 
generation and persistence of pain is a dynamic 
process that is far from being fully understood.

Conclusion
The high socioeconomic impact of musculoskeletal 
pain warrants an appropriate therapeutic strategy 

based on a thorough knowledge of its pathogenic 
mechanisms. In the same manner, musculoskeletal 
pain must be understood through the multidiscipli-
nary assessment of all pertinent aspects, including 
psychological, demographic, cognitive, emotional, 
and socioeconomical factors. All these factors must 
be considered in future efforts identifying potential 
therapeutic targets and strategies for improving 
quality of life among patients who suffer from 
chronic musculoskeletal pain.
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