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THE ROLE OF OXIDATIVE STRESS, 
INFLAMMATION AND GLIAL CELL  
IN PATHOPHYSIOLOGY  
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Abstract
Purpose: The aim of this article is to explain the role of oxidative stress, inflammatory responses, and glial cell in the pathophysiolo- 
gy of myofascial pain. Therefore the management of myofascial pain can be optimally done by clinicians through blockage of each 
biomarker in a specific pathway.
Views: Myofascial pain is often one of  the  reasons for patients to visit the  doctor with a  prevalence of  approximately 21-30%. 
Overused muscle can lead to myofascial trigger points. Activities that cause ongoing muscle contraction can cause an increase in 
metabolic stress and decreased blood flow resulting in the imbalance of oxidative-antioxidant. Malondialdehyde is one of the bio-
markers of oxidative stress. This process also can increase the release of neuropeptides, cytokines, and inflammatory substances. 
Prostaglandins, especially prostaglandin E2 (PGE2), can increase vascular permeability and cell proliferation that binds to sensory 
neuron receptors, which facilitate sensitization to the pain nerve. Astrocytes are the most abundant cell type in the central nervous 
system, which plays an essential role in the induction and persistence of pain. In ischemic conditions, astrocytes will alternate and 
turn into reactive astrogliosis. This condition will increase the level of glial fibrillary acidic protein.
Conclusions: The exact pathophysiology of myofascial pain is not thoroughly clear. Hence, some studies found the total levels of oxi- 
dative stress were higher in patients with myofascial pain. Malondialdehyde, PGE2, and GFAP as the biomarkers from those factors 
are increased in patients with myofascial pain.
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INTRODUCTION
Myofascial pain is one of the health problems that at-

tract the attention of clinicians and has also caused con-
fusion and errors in recent decades. Myofascial pain has 
been experienced by almost everyone at around 85%, with 
an estimated prevalence of 21-30% [1-3]. Myofascial pain 
consists of  autonomic, motoric, and sensory symptoms 
that involve both the muscles and surrounding connec-
tive tissue (fascia). Myofascial pain is caused by myofas-
cial trigger points, which are located on the taut muscle 
band [4-14]. The shortening of the contracted taut muscle 
band results in movement restriction and pain. Myofas-
cial pain can be classified into acute myofascial pain if 
there are 1 or 2 regions of local pain that can disappear 
after a few weeks and chronic myofascial pain if the pain 
persists for more than six months. The pain characteristic 
of  the  chronic myofascial pain is generalized pain with 
a poorer prognosis. Acute myofascial pain usually occurs 

after excessive activity, whereas chronic myofascial pain 
occurs in patients with stress factors [6, 8]. There is no 
certain consensus in diagnosing myofascial pain. How-
ever, the  most commonly used diagnostic criteria is by 
Travell and Simons, which consists of five major criteria 
and three minor criteria. The major criteria are regional 
pain symptoms, pain characteristics accompanied by re-
ferred pain, palpable taut muscle band, focal pain in one 
point or nodule in the taut muscle band, and restriction 
of movement or slight muscle weakness. The minor cri-
teria are pain at the  palpation of  the  myofascial trigger 
point, a local twitching response (LTR) on sudden palpa-
tion at the myofascial trigger point, and decreased pain 
with muscular therapy [15, 16]. 

The clinical presentation of  myofascial pain is very 
complex. The  onset and persistence of  myofascial pain 
due to the role of myofascial trigger points can be discov-
ered through physical examination [2, 17, 18].  Myofas-
cial trigger points are abnormal characteristics of nodules 
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in the focal areas of hypersensitive muscles, hard in pal-
pation, stiff and pain during physical examination [2-6, 
9, 10, 14, 17, 19-21]. According to Travell and Simons, 
myofascial trigger points can be classified into two types, 
active and latent myofascial trigger points. In an  active 
myofascial trigger point, the pain occurs spontaneously 
without being manipulated or exacerbated by palpation 
in the  surrounding tissue and or spreads according to 
the  location of  referred pain, with motor or autonomic 
symptoms. The referred pain is caused by central sensi-
tization and makes the disease more complex [6, 8, 14, 
16, 22]. Whereas the latent myofascial trigger points, have 
symptoms similar to the active type through pain stimu-
lation when the area of skeletal taut muscle band is being 
compressed/palpated, or with a  local muscle twitching 
response and referred pain. The  active myofascial trig-
ger point has a  lower pain threshold than at the  latent 
myofascial trigger point [2-4, 6, 9, 14-16, 18, 19, 21-23]. 
Continuous peripheral nociceptive input activates dorsal 
horns through the  release of  substance P. This process 
causes neuroplastic changes (increased excitability) in 
the central nervous system and causes central sensitiza-
tion, which results in allodynia and hyperalgesia from 
stimulation of activity in the region of the brain to pro-
cess sensory discrimination [8, 9, 15, 21].

According to Gerwin, there are several diagnostic cri-
teria of myofascial pain, which are the finding of the ten-
der points in a  taut muscle band, the  presence of  LTR 
and or pain during palpation, restriction of movement, 
the  emerging of  pain symptoms at the  active myofas-
cial trigger point, regional muscle weakness, and auto-
nomic symptoms [5, 15]. Simon revealed the hypothesis 
of the occurrence of the myofascial trigger point is that 
the excessive released of acetylcholine, which stimulates 
an  increase in the  strain on muscle fibers at the  myo-
fascial trigger point [2]. Also, according to Travell and 
Simon, vasoconstriction will cause the  local hypoxia/
ischemia. This vasoconstriction occurs due to increased 
calcium in tissues when the sarcoplasmic reticulum rup-
ture occurs [2, 20, 24]. Decreased oxygen will disrupt 
mitochondrial metabolism. In this situation, the reduc-
tion of  ATP will cause an  energy crisis and distress in 
the  tissue [2, 6, 8, 10, 14, 25, 26]. Therefore anaerobic 
metabolism will occur that produces lactic acid, reduc-
ing the intramuscular pH [14]. 

The proliferation of  microtubules is associated with 
myofascial trigger points and myofascial pain. Examina-
tion using Doppler ultrasound reveals a hypoechoic focal 
area with a heterogeneous echotexture.  In elastography, 
vibration amplitude decreases, and there is an  entropy 
area with rigid tissue compared to the  surrounding tis-
sue. This shows an  increase in density, which indicates 
the  contraction or proliferation of  proteins [2, 5, 9]. 
Two mechanisms that cause pain at the myofascial trig-
ger point, such as the involvement of ASIC3 nociceptors  

(acid-sensing ion channels) and TRPV1 (transient re-
ceptor potential) channels, which are known as cap-
saicin receptors on pain nerves [2]. ASIC is associated 
with myalgia without any damage to muscles [9]. The de-
crease in pH (below 5.0) that occurs due to local isch-
emia at the  myofascial trigger point is more than suffi-
cient to cause excitation of muscle nociceptors, including 
the ASIC3 and TRPV1 canal nociceptors [2, 14]. 

ROLE OF OXIDATIVE STRESS  
IN PATHOPHYSIOLOGY 
OF MYOFASCIAL PAIN

Oxidative stress is a disproportion of reactive oxygen 
species (ROS) and the capability of biological systems to 
detoxify dangerous reactive intermediates [27, 28]. Con-
ditions of oxidative stress will increase levels of free calci-
um and iron ions in cells that cause cell damage and even 
cell death. If free radical production increases in certain 
levels in the body, the enzyme defensive system will fail, 
and there will be oxidative stress. Superoxide radicals are 
a form of ROS formed in the brain. Superoxide dismutase 
(SOD) helps the body to get rid of superoxide radicals by 
transforming them into hydrogen peroxide (H2O2), and 
then they are catalyzed into water and oxygen. In addi-
tion, glutathione peroxidase also plays a  role in the  re-
moval of  H2O2 from the  body [27-29]. Activities that 
cause ongoing muscle contraction can cause an increase 
in metabolic stress and decreased blood flow resulting in 
persistence of the myofascial trigger point. Vasoconstric-
tion, due to the increased calcium levels, causes ischemia 
and produces free oxygen radicals that damage endo-
thelial and cause further ischemia, which plays a role in 
the pathophysiology of myofascial pain [2, 24]. Cascade 
of  X-ROS signaling (stretch-activated ROS production) 
will change the shape of microtubules to activate NADPH 
(nicotinamide adenine dinucleotide phosphate) oxidase 
(NOX2) to produce ROS which will be oxidized to RyRs 
(ryanodine receptors) and increase the sarcoplasmic re-
ticulum to release Ca2+ ions. Within the skeletal muscle, 
X-ROS will sensitize the  Ca2+ permeable sarcolemmal 
transient receptor potential (TRP) channel. This pro-
cess is critical in maintaining the sarcoplasmic reticulum 
when muscle contractions occur continuously [2]. This 
mechanism shows that excessive contraction is associ-
ated with stress that involves cytoskeletal microtubules 
to activate NADPH oxidase to produce ROS. Calcium 
release can stimulate contractions to form a  myofascial 
trigger point. In this condition, there will be a decrease 
in glutathione levels and an  increase in glutathione di-
sulfide levels, which is oxidized glutathione. The  main 
function of glutathione as an anti-oxidant is to detoxify 
free radicals and reactive oxygen (ROS) in cells [2, 29]. In 
several studies, high serum malondialdehyde levels were 
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found with low superoxide dismutase and impaired oxi-
dative-antioxidant balance [24].

Malondialdehyde consists of 3 carbons which can be 
produced either through the oxidation of polyunsaturat-
ed fatty acids or through arachidonic acid metabolism. 
Malondialdehyde production through an  enzymatic 
process occurs when biosynthesis of  thromboxane A2 
(TXA2), which is an active metabolite, is formed through 
arachidonic acid metabolism with thromboxane A2 syn-
thase and also results from the breakdown of prostaglan-
din endoperoxide (PGH2) to 23-hydroxyheptadecatrie-
noate (HHT), while the production of malondialdehyde 
is from a  non-enzymatic process that occurs through 
lipid peroxidation. Lipid peroxide is derived from poly-
unsaturated fatty acids (C7H16O4) which has unstable 
properties and can be converted to malondialdehyde 
(MDA). Lipid peroxidation occurs due to the formation 
of substances resulting from cellular damage [27, 28, 30]. 
Arachidonic acid induces platelets to form a considerable 
amount of malondialdehyde. Malondialdehyde is a bio-
marker when oxidative stress occurs and can be used to 
diagnose diseases. Malondialdehyde is the most reactive 
form of dialdehyde [27, 28]. Malondialdehyde can be me-
tabolized enzymatically or can react in cells and tissues. 
Malondialdehyde oxidation is carried out by mitochon-
drial aldehyde dehydrogenase. Then the  malondialde-
hyde will be decarboxylated to form acetaldehyde, which 
is oxidized by aldehyde dehydrogenase to produce acetate, 
H20, and CO2. As far as the author’s knowledge, there is 
not any studies yet that discuss the exact time of the oxi- 
dation of acetaldehyde by the enzyme aldehyde dehydro-
genase in detail [30].

Besides, excessive reactive oxygen production at 
the myofascial trigger point mechanism will activate TRP 
(transient receptor potential) channels, namely TRPM2, 
TRMP7, TRPC5, TRPV1, and TRPA1, but only TRPV1-4,  
TRPA1, and TRMP8 are associated with pain. The active 
type myofascial trigger point is located closer to the pain 
channel receptors, which have high levels of protons and 
ROS, which can activate the ASIC3 and TRPV1 channels. 
Whereas at the  latent type of  myofascial trigger point, 
the  location is further from the  pain channel receptors 
so that the  amount of  ROS, which is a  large unstable 
molecule, can decrease and not enough to be able to ac-
tivate the  pain nociceptors spontaneously. Therefore, in 
experimental studies, it has been proven that suppression 
of cells can activate stretch channels which then increase 
the myoplasmic calcium through the X-ROS mechanism 
so that when there is a palpation/compression in the myo- 
fascial trigger point area, there will be an increase in ROS 
levels sufficient to activate canal TRPV1 and cause pain 
[2]. In a study done by Irfan Koca et al., it was found that 
there were statistically significant differences between 
patients and controls, namely the low levels of total anti-
oxidant capacity (TAC) in patients with myofascial pain  

(p = 0.007), with total levels of  oxidative stress (total 
oxidative stress – TOS) was higher in patients with my-
ofascial pain (p = 0.045). From these studies, it can be 
concluded that myofascial pain is associated with a dis-
turbance of oxidative-antioxidative balance [24].

ROLE OF INFLAMMATION  
IN PATHOPHYSIOLOGY 
OF MYOFASCIAL PAIN

Prolonged muscle contraction, ischemia/hypoxia, 
metabolic disorders, and cell stress also lead to increased 
release of  neurotransmitters, inflammatory cytokines, 
and myokines, which necessary in the  pathophysiology 
of myofascial pain [2, 25, 31]. Damage to these muscles 
cause the  release of  neuropeptides, cytokines, and in-
flammatory substances such as potassium, bradykinin, 
cytokines, tumor necrosis factor, interleukin 1β, norepi-
nephrine, protons, prostaglandins, ATP and substances P 
that can stimulate nociceptors in the muscle thereby re-
leasing CGRP (calcitonin gene-related peptide) [2, 8, 9, 
15, 18, 25]. Mast cells will be degranulated by substance 
P and release serotonin, histamine, and upregulation 
of anti-inflammatory cytokines (IL-4 and IL-10) and also 
the pro-inflammatory factors (TNF-α and IL-6). The re-
lease of  CGRP and substance P as a  vasodilator cause 
more capillary compression. TNF-α is the only cytokine 
that is stored in mast cells and will be released immedi-
ately when mast cell degranulation occurs. The  release 
of TNF-α will trigger norepinephrine production. Studi- 
es found an increase in both serotonin and norepineph-
rine in patients with active myofascial trigger points  
[9, 18]. The  histopathological examination obtained 
from the multiple muscle fibers at the myofascial trigger 
point revealed shortened sarcomeres regionally as well 
as excessive release of  acetylcholine [18]. Hypotheses 
expressed by Simons and further explained by Gerwin 
et al. stated that CGRP would inhibit acetylcholinester-
ase. Increase of the acetylcholine receptors and increase 
of acetylcholine release (acetylcholine leakage) will lead 
to prolonged contraction of local muscle fibers, known as 
myofascial trigger points. Continuous input at myofascial 
trigger point will cause apoptosis of  inhibitory neurons 
at the segmental level and will sensitize neurons at dor-
sal horn causing hyperalgesia, allodynia, and prolonged 
pain [2, 5, 14, 18]. However, to maintain contractions, 
the  shortening of  sarcomeres requires high oxygen lev-
els. This will increase the  metabolic demand that leads 
to ischemia and cause more severe local hypoxia [18]. 
Acidic pH will stimulate the further release of bradykinin 
when local ischemia and inflammation occur. Therefore, 
it can be proven that acidic pH is associated with the on-
set of myofascial pain. Gerwin et al. said that a  low pH 
could inhibit acetylcholinesterase activity, thereby caus-
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ing more acetylcholine to be released in the synaptic cleft 
and lead to prolonged sarcomere contractions. This pro-
cess indicates the occurrence of the phenomenon of taut 
muscle band (focal muscle contraction modulated by af-
ferent muscle spindles) [9, 14, 18, 26].

Although there are low levels of serotonin in the tis-
sues, serotonin receptor depolarization does not occur. 
Low serotonin levels will sensitize neurons to activate 
other factors, such as prostaglandins. Prostaglandins, 
especially prostaglandin E2, will sensitize pain neurons. 
ATP will activate P2X3 receptors [2]. If cell damage oc-
curs, prostaglandins that originate from arachidonic acid 
conversion, which is become an  unstable intermediate 
(prostaglandin H2 [PGH2]), will be excreted via the cyclo-
oxygenase (COX-1 and COX-2) catalysis pathway. PGE 
synthase will catalyze PGH2 into mPGES-1, mPGES-2, 
and cPGES. Then the PGI synthase, prostaglandin F syn-
thase, and thromboxane synthase are catalyzed into pros-
taglandin E2 (PGE2), prostacyclin (PGI2), prostaglandin 
F2α and thromboxane A2 (TXA2), respectively [32-35]. 
PGE2 plays a  role in various processes, such as con-
trolling vascular tonus, increasing vascular permeability, 
and cell proliferation. PGE2 is the most produced media-
tor from prostaglandin synthesis, especially in areas that 
are inflamed [32, 36, 37]. PGE2 plays an important role in 
inflammatory symptoms such as fever, edema, and pain 
sensations in both acute and chronic pain [32, 34, 36].

PGE2 can reduce the nociceptive threshold, causing 
pain. The subtypes of PGE2 receptors consist of EP1, EP2, 
EP3, and EP4. All PGE2 receptor subtypes are G pro-
tein-coupled receptors (GPCRs) [33, 35, 37]. Subtype EP1 
works through the PLC/IP3 and DAG/PKC pathways by 
binding to Ca2+ intracellular, which causes hyperalgesia. 
Subtypes EP2, EP4 together with prostacyclin receptors 
working through the  AC/cAMP/PKA pathway, while 
the  EP3 subtype provides an  inhibitory effect. Through 
the EP3 receptor subtype, PGE2 can stimulate mast cell 
degranulation, thereby causing vascular hyperpermeabili- 
ty and forming edema [35-37]. In the study, it was said 
that the EP4 subtype was the most dominant in inducing 
neurons in the  dorsal horn to cause hypersensitivity in 
inflammatory pain. PGE2 can modulate pain transduc-
tion and improve the function of TRPV1 to the capsaicin 
response [33, 34]. Prostaglandins can also increase the ef-
fects of other chemical mediators such as 5-HT, bradyki-
nin and release of neuropeptides such as substance P and 
CGRP, thereby increasing the  sensitivity of  mechanical 
receptors. Bradykinin can sensitize muscle nociceptors 
in mechanical stimuli and further enhance the synthesis 
and release of PGE2. All these processes occur in the pe-
ripheral sensitization that causes hyperalgesia [35, 38]. At 
the peripheral, PGE2 binds to sensory neuron receptors, 
thereby increasing the response of the ion channel, which 
facilitates sensitization to the  pain nerve.  In the  cen-
tral nervous system, PGE2 can be synthesized through 

peripheral inflammatory responses that induce phos-
phorylation of  glycinergic receptors in the  dorsal horn 
of the spinal cord [34, 39].

ROLE OF GLIAL CELLS  
IN PATHOPHYSIOLOGY 
OF MYOFASCIAL PAIN

Prolonged nociceptive input can cause maladaptive 
changes in the central nervous system. Prolonged afferent 
nociceptive input from the myofascial trigger point acti-
vates and sensitizes the neurons in the dorsal horn, which 
carried by the  spinothalamic tract to higher brain cen-
ters. Muscle afferent input activates not only the thalamus 
but also the limbic system, which plays an important role 
in pain modulation and emotions [5, 21]. Patients with 
chronic myofascial pain can cause atrophy of the region 
in cerebral substantia grisea, which has a  role in per-
ception and modulation of pain [19, 21, 22]. The limbic 
system is very closely related to the body stress response. 
In a study conducted by Niddam et al., there was an in-
crease in the activity of the limbic system in patients with 
myofascial pain at trapezius muscle, which corresponds 
with greater tension and stress [5]. Neural circuits in 
the central nervous system consist of various cell types, 
including neurons and glial cells. Glial cell activation and 
neuro-glial interactions play a  part in the  mechanism 
of chronic pain. 

Microglia, astrocytes, and oligodendrocytes are three 
types of glial cells in the central nervous system. Where-
as glial cells in the  peripheral nervous system consist 
of  schwann cells in the  peripheral nerve, satellite gli-
al cells (SGC) in the dorsal ganglia, and the  trigeminal 
ganglia (TG) [40, 41]. Astrocytes are the most abundant 
cell type in the central nervous system, which regulates 
the physiology and pathology in the central nervous sys-
tem such as regulation of fluids and ions, blood flow con-
trol, vascular generation, protection of neurons from tox-
ic damage and others. Through the astrocyte-microglia 
relationship, astrocytes can modulate the microglia phe-
notype and phagocytosis [40-42]. Astrocytes play an im-
portant part in the induction and persistence of pain [41, 
43]. If there is a  damage or the  presence of  dangerous 
stimuli such as neuroinflammation and ischemia, astro-
cytes will change in morphology and function, known 
as reactive astrogliosis [40]. The pro-inflammatory fac-
tors such as cytokines, oxidative stress, and free radi-
cals found in patients with myofascial pain will initiate 
the reactive astrocytes. This initiation of reactive astro-
cytes occurs through the nuclear factor kappa-B (NFκB) 
pathway. Astrocyte activation and release of  IL-1β take 
part in the mechanism of hyperalgesia. These cytokines 
and chemokines act in the  induction and persistence 
of pain. The activation of astrocytes has been investigat-
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Figure I. Pathophysiology of myofascial pain
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in the  synthesis and release of  glial cell mediators such 
as growth factors, cytokines, chemokines, and proteases, 
which can increase pain sensitivity [40-42]. An increase 
in GFAP is a biomarker of reactive astrocytes [44].

CONCLUSIONS
The exact pathophysiology of myofascial pain is not 

thoroughly clear. Studies reported that oxidative stress, 
inflammation, and glial cell, especially the  astrocyte in 
the central nervous system, cause the persistence of pain 
sensation that later on lead to the myofascial trigger point. 
This illustration is described in Figure I. Malondialde-
hyde, PGE2, and GFAP as the biomarkers from those fac-
tors are increased in patients with myofascial pain. With 
the comprehensive understanding of these processes, we 
as doctors could provide optimal and efficient therapy by 
giving drugs that are specific to each pathway.

ed in relation to the pathogenesis of pain through the re-
lease of  pro-inflammatory and pro-algesic mediators 
such as TNF-α, IL-1β, and IL-6 [42-44]. 

Active astrocytes can develop and maintain chro- 
nic pain by releasing some substances. These active as-
trocytes can also regulate emotions in the  brain region 
(primary somatosensory cortex and anterior cingulate 
cortex, hippocampus, prefrontal, medial cortex) as-
sociated with emotional alteration when chronic pain 
occurs [40]. Pain syndrome is associated with glial cell 
activation, with an  increase in glial cell markers such 
as IBA1 and glial fibrillary acidic protein (GFAP) with 
morphological changes. When reactive astrogliosis oc-
curs, the naive astrocytes will become hypertrophic and 
increase in the GFAP level. Then, the reactive astrocytes 
will proliferate and become scar-forming astrocytes. Both 
forms of  astrocytes have high protein markers, namely 
GFAP, nestin, β-catenin, and N-cadherin. It also occurs 
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