Submitted: 04 October, 2024

Accepted: 29 November, 2024

Published: 12 March, 2025

REVIEW

.;:\ Journal of
Uf)] Oral & Facial Pain and
Headache

The gut-masticatory muscles-temporomandibular joint
pain axis—a scoping review
Gayathri Krishnamoorthy!, Aparna Narayana'-*, Dhanasekar Balakrishnan!

1 Department of Prosthodontics and
Crown Bridge, Manipal College of Dental
Sciences, Manipal Academy of Higher
Education, 576104 Manipal, India

*Correspondence
aparna.narayan@manipal.edu
(Aparna Narayana)

Abstract

Orofacial pain has become the most common debilitating disease resulting in high
healthcare costs, and compromising the quality of life, speech, aesthetics and masticatory
function of those affected. As its aetiology is multifactorial and as the treatment involves
a multidisciplinary holistic approach, arriving at a confirmative diagnosis is challenging.
Numerous studies have been published that support the bidirectional link between gut
health and other organs like the cardiovascular system, respiratory system, neurological
and hormonal. Recent studies indicate a potential link between gut microbiota dysbiosis
and chronic orofacial and temporomandibular joint (TMJ) pain. In this review, we
enumerate the link between the metabolites released by the gut bacteria and how they
regulate the pain mechanism of various types of orofacial pain like chronic, neuropathic
and inflammatory in the orofacial and TMJ regions. We also discuss the potential link
between pain and gender predisposition. Further, we review the recent non-invasive
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therapeutic options which can be put forth to use for treating orofacial and TMJ pain.
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1. Introduction

The entire microbiota in the human body, also called the
“microbiome”, outnumber the total cells in the human body.
Out of the total microbiota in the human body, almost 95%
of the microbiome resides in the colon [1]. Since 2007 after
the inception of the Human Microbiome Initiative funded by
The National Institutes of Health (NIH), novel discoveries on
the interlink between gut microbiota (GM) and human diseases
have been made [2]. These disorders associated with abnormal
microbiome are called dysbiosis.

The gut microbiome influences the human body through 3
major pathways namely the neural route, the immune route
and the hormonal route, together these constitute the gut-brain
axis (GB Axis). In the last 15 years, after the development of
microbiome science, massive development and attention have
been given to the GB Axis and its interlink with the pathophys-
iology of various disorders like psychiatric, neurological and
musculoskeletal [3-6].

While the sympathetic afferent fibres were considered the
only source of signalling mechanism and interoceptive infor-
mation, microbiota science establishes that gut microbes and
their metabolites also act as another prime signalling mech-
anism in the human body [7]. Experimental studies have
proven that GM dysbiosis and metabolites produced by the GM
itself affect the Central Nervous System (CNS) activity thereby
modulating the pain axis and leading to chronic orofacial and
temporomandibular joint (TMJ) pain [8].

There are limited studies which confirm gut dysbiosis and
its interlink with chronic orofacial pain [8], migraine [9],
neuropathic pain [10] and inflammatory pain [11]. However,
there is no available literature to the best of our knowledge
which covers the GM dysbiosis interlink with different types
of orofacial and TMJ pain pathology in totality in a single
review article. It is these complex multiple pathophysiologies
that make it difficult to understand the interlink between GM-
Orofacial & TMJ-Pain axis.

Therefore, this review aims to encompass and simplify the
GM’s influence on the masticatory muscles and TMJ pain.
We also elaborate on the influence of GM on different types
of orofacial pain like chronic widespread orofacial pain, neu-
ropathic pain, inflammatory pain, migraine and TMIJ pain.
Finally, we formulate a treatment plan strategy which targets
GM dysbiosis.

2. Materials and methods

The search terms (“GM” OR “gut microbiome” OR “gut bacte-
ria” OR “probiotics” OR “prebiotics””) AND (“orofacial pain”)
were used to retrieve articles from Scopus, PubMed, Embase
and Grey search.

The inclusion criteria were as follows—articles written only
in the English Language, randomised control trials, quasi-
randomized control trials, in-vivo and in-vitro (laboratory)
studies, retrospective and prospective studies, cohort studies,
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case-control studies, Systematic reviews and meta-analyses
which compare the interlink between GM and orofacial pain
were included. Conference proceedings, Letters to the editor,
Book reviews and Chapters were excluded from the study.

74 articles were obtained between the years 2016-2024, out
of which 10 were duplicates and hence eliminated. After the
initial title and abstract screening, 17 articles were included in
this review (Fig. 1).

3. The link between GM and microbial
metabolites—pain axis

The nociceptors initiate neuronal activation in the peripheral
organs which convert any noxious stimuli, e.g., inflammation,
mechanical injury, heat or cold stimuli into nerve impulses
and transmit these nociceptive signals to the spinal cord dorsal
horn [12, 13]. The spinal nociceptive neurons through the
spinothalamic and spinoparabrachial tracts project themselves
into the thalamus, somatosensory cortex and anterior cingulate
cortex to process the afferent and sensory components of pain
[12]. Recent studies have however demonstrated that the
non-neuronal cells, such as the glial cells, immune cells—
macrophages and lymphocytes, tumour cells, efc. can also
regulate pain in the Peripheral Nervous System (PNS) and
Central nervous system (CNS) [13]. The following section
will decode the relationship between these non-neuronal cells,
especially the glial cells, which play a prime role in initiating
and maintaining chronic pain transmission [14—17] and their
interlinking with the gut microbiome.

3.1 The gut-glial interlink in pain
transmission

The activation of the non-neuronal glial cells along the pain
circuits leads to the formation of a localised form of inflam-
mation known as “neuroinflammation” in the PNS and CNS
which results in the onset of visceral hypersensitivity [18,
19]. Neuroinflammation plays a vital role in chronic pain
maintenance, and their interaction is always bi-directional.
Few recent studies have reported that GM modulates glial cell
maturation which aids in the transmission of pain [20].

An animal model study which was carried out to evalu-
ate the antinociceptive effect of Photobiomodulation (PBM)
therapy, Vitamin B Complex (VBM) and a combination of
both concluded that both PBM and VBM alleviate the pain
either alone or in combination by modulating the glial cells
and cytokines expression in the spinal trigeminal nucleus of
rats. The authors demonstrated that both the interventions used
in the study attenuated the nociceptive responses by inhibiting
the activation of the glial cell and thereby the production of
glial-derived inflammatory mediators in the spinal trigeminal
nucleus [21].

In an in vivo study performed to consider the effects of
berberine on visceral hypersensitivity and activation of mi-
croglial cells, it was observed that microglial cells in the dorsal
lumbar spinal cord were suppressed by berberine. In parallel to
the in vivo study, the authors conducted another in vitro study
to confirm whether Berberine directly affects microglial cell
changes. It was proven that berberine inhibits the activation of
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microglial cells via the microbiota-gut-brain axis but does not
have any direct effects [22].

Although currently, the available literature on the gut-glial
pain axis is limited, it can be speculated that glial cells and
gut-pain axis can prove to be a turning point in the field
of precision medicine for pain management modalities and
provide a solution to the chronic uncurable pain states.

Accumulating evidence also demonstrates the interlink be-
tween the metabolites released during gut dysbiosis and how
they transmit pain via different signalling pathways and the
Vagus nerve. In the following pages, the role of these GM and
their metabolites in transmitting various types of orofacial pain
will be discussed (Fig. 2).

3.2 The GM metabolites interlink with
chronic orofacial pain

The most common orofacial pain disorders often encountered
in a dental office are the TMJ and masticatory muscle pain,
wherein the prevalence of TMJ disorders accounts for up to
31.1% of the adult population [23]. TMJ disorders have
complex etiological findings and what makes the diagnosis
even more difficult is that most of these findings are not
directly associated with the stomatognathic system [24].

Gallotta S ef al. [25] in their clinical trial investigated
the prevalence and risk of TMJ disorders in patients with
irritable bowel syndrome (IBS). They concluded their study by
demonstrating a positive correlation between facial pain and
abdominal pain. They also discovered that IBS patients had
3 times more risk of TMJ disorders as compared to healthy
adults.

This nexus between IBS and chronic orofacial pain can be
attributed to the treatment provided for IBS which includes
either antibiotics or antidepressants depending on the IBS type.
These medications disrupt the gut bacteria, producing metabo-
lites like short-chain fatty acids (SCFA), serotonin, dopamine,
amino acid metabolites, efc., which affect the activity of CNS
[26—28]. This change in CNS activity modulates various types
of orofacial pain including chronic, neuropathic, inflammatory
and migraine [13].

The results were similar with another case-control study
which was conducted to evaluate the association between
chronic TMJ disorders and gastroesophageal reflux disease
(GERD) [29]. GERD though affects the gastrointestinal
tract; literature supports its association with teeth grinding or
clenching. It was concluded in the study that symptomatic
GERD is associated with painful, chronic TMJ disorder
and due consideration should be provided to manage the
gut symptoms [29]. The ant-acid medications for GERD
treatment disrupt the GM, resulting in dysbiosis.  The
metabolites released during the dysbiosis, modulate the CNS
activity resulting in chronic and painful type of TMJ pain [13].

3.3 The GM metabolites interlink with
neuropathic type of orofacial pain

Zhou F et al. [30] in an animal study induced Chronic Con-
striction Injury (CCI) in mice to determine whether GM is
involved in neuroinflammation. They discovered that Short
Chain Fatty Acids (SCFAs) by-products of GM are involved in
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Identification of new studies via databases and registers ]

Identification

Records identified from:
Databases (n = 74)
Pubmed (n = 12)
Scopus (n = 37)
Embase (n = 2)
Grey search (n = 23)
Registers (n = 0)

Records removed before screening:
Duplicate records (n = 10)
Records marked as ineligible by
automation tools (n = 0)
Records removed for other reasons
(n=0)

Screening

Included
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(n = 64)

Records excluded
(n=47)

A

Reports not retrieved
(n=0)

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=47)

Records excluded
Oral microbiome & orofacial pain

(n=17)
Gut microbiome and visceral pain
(n=8)

Occlusal disharmony and
orofacial pain (n = 9)
Focus on brain disorders (n = 1)
Oral microbiome and BMS (n = 5)
Precision medicine and pain (n =
7)

New studies included in review (n =

17)
Reports of new included studies (n
=17)

N

FIGURE 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the study

screening procedure and selection.
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FIGURE 2. Interlink between gut health and various types of orofacial pain: the diagram depicts the interplay between
gut microbiota dysbiosis and different types of orofacial pain: Neuropathic type, Inflammatory type, Chronic type,
Migraine and tension type headache and pain due to night grinding. Created with BioRender.com.

nerve injury-induced neuropathic pain, GM causes activation
of microglial cells during neuropathic pain and expression of
inflammatory markers in the hippocampus and spinal cord.
They concluded that SCFAs regulate the activation of mi-
croglial cells and subsequently increase the pro-inflammatory
markers in the hippocampus and spinal cord. However, the
administration of antibiotics reduces the production of SCFAs
and thereby inhibits the polarisation of microglial cells.

Burning mouth syndrome (BMS) an idiopathic orofacial
pain with multifactorial etiopathology is characterized by a
burning sensation of oral mucosa. The three elements of pain
that BMS patients usually experience are nociceptive pain,
neuropathic pain and nociplastic pain [31]. Although, there
is little evidence regarding the interlink of GM with BMS,
however, the nociplastic type of pain experienced in BMS,
may be associated with the gastrointestinal symptoms as well
as the Central Nervous System origin, which incriminates
that the GM may be an etiopathology of nociplastic type of
pain. However, further research is required to elucidate the
mechanism behind the three elements of pain and their link
with GM [31].

To observe this complex biological mechanism behind
neuropathic pain and GM, Lan Z et al. [32] carried out a
Mendelian Randomization (MR) approach to study the causal
relation between Trigeminal neuralgia (TN) and GM. They
concluded in their MR study that nine bacterial groups and
metabolic pathways were significantly associated with an
increased risk of TN. They also observed fifteen immune cells
which were significantly associated with an increased risk of
TN. These findings support the causal association between
GM with TN and between GM and immune cells which
mediate the pain.

3.4 The GM metabolites interlink with
inflammatory type of orofacial pain

Periodontitis is a well-known inflammatory disease caused by
a bacterial infection in dental plaque that progresses system-
atically and destroys periodontal tissues [33]. Periodontitis
as opposed to other inflammatory diseases progresses without
any pain symptoms, because of this, patients usually visit
the clinician after severe destruction of periodontal tissue has
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occurred.

To decipher this mechanism behind the progression of peri-
odontitis without any pain symptoms in the periodontal tissue,
Murakami N et al. [33] executed a study on the molar teeth
of mice which was tied with Porphyromonas gingivalis (P.
gingivalis) inoculated ligature wires. It was concluded in
this study that Butyric acid (BA) which is released in large
quantities from P. gingivalis bacteria during the progression of
periodontal disease changes the somatosensory characteristics
of the periodontal tissue in a chronic inflammation state. BA
signal via GPR41 and suppress the periodontal inflammatory
pain in the Trigeminal Ganglion.

Another study performed to investigate the influence of
GM on TMIJ inflammation showed that Resveratrol (RSV)
inhibits TMJ inflammation triggered by the administration of
Complete Freund’s Adjuvant (CFA) and reverses the CFA-
induced reduction of short-chain fatty acids and gut bacteria.
Furthermore, it was also proved that RSV crosses the blood-
brain barrier and inhibits the activation of microglial cells.
Hence, the authors concluded in their study that GM dysbiosis
is critical for developing TMJ inflammation and recovering the
gut microbiome to its normal levels can be a new therapeutic
strategy for treating such chronic inflammatory pain [34].

3.5 The GM metabolites interlink with
migraine headaches

Migraine and tension-type headaches (TTH) are the most com-
mon forms of primary headaches affecting individuals of all
age groups but typically peaking in adult populations. There
has been a 16% increase in migraine cases globally in 2019
from 1990 with significant demographic variation and is dis-
tinctly elevated in women [35]. The most prevalent causative
factors for migraine and TTH encompass alcohol, coffee, fa-
tigue or stress and the usual symptoms associated are pho-
tophobia, phonophobia and gastrointestinal disturbances like
nausea, vomiting, acid reflux and diarrhoea.

In a 1992 population study by Jones and Lydeard et al. [36]
on irritable bowel syndrome (IBS) patients, 32% complained
of migraine headaches as compared to the rest of the 18%
of the control group. Another similar prospective study was
conducted in 2004 [37] which reported 17% of IBS patients
complaining of migraines as compared with the 8% control
group.

Peatfield ef al. [38] in their survey among migraine patients
observed that specific foods were reported as a trigger factor
for their migraine-induced headaches. Among these, 19%
of them reported chocolate as a trigger factor, 18% reported
cheeses and 11% reported citrus fruits as a cause of their
migraine.

These are some of the many articles which have disproved an
interlink between gut health and migraine [39—41], however,
it was still unclear how an alteration in the GM and their
metabolites affect migraine headaches.

It was Tang Y et al. [9] that induced migraine-like pain
in mice using nitroglycerine (NTG) to study the underlying
mechanism behind the interlink between headache and GM.
They also investigated the involvement of tumour necrosis
factor-alpha (TNF-«) in migraine-type headaches as previous

studies had shown that NTG administration in rodents caused
light aversive behaviours and an increase in TNF-« [42—45],
which was also found higher in migraineurs. It was concluded
in their study that antibiotic treatment prolonged NTG-induced
acute migraine-like pain. Furthermore, on the genetic deletion
of TNF-« or injection of TNF-« antagonist into intra-spinal
trigeminal nucleus caudalis, the pain prolongation was com-
pletely blocked. On faecal microbiota transfer, the colonisa-
tion of the gut microbiome was reversed and alleviated pain.

Hence, the results of their study indicate a direct interlink
between GM dysbiosis and migraine-like pain and recovering
the gut microbiomes to a healthy state, does bring about alle-
viation of pain. Consequently, the alteration of the GM can
be used as a new therapeutic option for treating migraine-like
pain.

4. Gender predisposition-GM-pain axis

Among the host of factors which affect gut health, gender
and sex hormones play an important role post-puberty. Sur-
prisingly, the bacteria-to-human cell ratio is higher in women
than men, i.e., 2.2 in women and 1.3 in men [46]. As age
advances, there is a constant change in the composition of GM
from childhood to old age, due to changes in diet, lifestyle,
environmental factors, medication, efc. Few studies that have
focused on this field of research, “Microgenderome”, sug-
gest that sex hormones bring about changes in GM [47—49].
However, recent studies are focusing on the differences in
pain sensitivity between genders and their association with gut
microbiota composition.

Literature suggests consistent differences in pain physiology
between men and women, with women presenting more pain
conditions than men, however, the underlying mechanism
shows a research gap.

Caputi et al. [50] conducted a study wherein they hypoth-
esized that GM and critical components of the gut-brain axis
influence the pain threshold in men and women, and they also
conjectured that sex, different phases in the menstrual cycle
and the use of contraceptive pills in women may be a major
cause of the inter-sex pain differences. It was observed in
their study that the pain tolerance threshold (PTT) and pain
sensation threshold (PST) were higher in women compared
to men, but the ratio of PTT/PST was significantly lower in
women. Also, women undertaking contraceptive pills were
associated with an increase in an abundance of certain bacterial
genera which correlated positively with pain sensation thresh-
olds. Therefore, it was concluded in their study that GM may
be one of the factors determining inter-sex differences in pain
perception.

5. Advances in the non-invasive
therapeutic management of chronic
orofacial and TMJ pain targeting gut
dysbiosis

Chronic orofacial and TMJ pain is of complex and multifac-
torial aetiology that involves cross-over to other branches of
dentistry and medicine thereby making the diagnosis and treat-
ment cumbersome and challenging. The major interventions



employed for treating chronic orofacial and TMJ pain involve
psychological management like Cognitive Behavioural Ther-
apy (CBT) [51], Acceptance and commitment therapy (ACT)
[52], Pharmacological management [53], Lifestyle-based man-
agement [53] and Current-stimulation based management [53].
However, with evolving studies on the interlink between GM
and chronic orofacial pain, the treatment should include a focus
on targeting gut health to alleviate pain.

This section delves into the non-invasive treatment options
to alter gut health and achieve effective chronic orofacial pain
management (Fig. 3).

5.1 Probiotics

A multitude of research is being carried out in the field of
non-invasive therapeutics for chronic pain management, and
probiotics are a recent addition to this list. Probiotics are also
being used in the treatment of anxiety and depression [54, 55]
and have shown ensuring results so much that, they are being
referred to as “psychobiotics” [56]. They have been shown to
modulate the reactivity of vast areas of the brain network in
healthy women who consumed fermented dairy products for
4 weeks compared to those who consumed unfermented milk
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products [57].

There are multiple studies which have used probiotics for
alleviating migraine-type headaches and the subjects have re-
ported a reduction in the intensity, duration and frequency of
headaches [58—01]. Though the data on the mechanism of
action of probiotics in reducing migraine-type headaches is
unclear, it has been shown to increase butyrate production in
the colon, which is reduced in migraineurs [62], improve gut
permeability and attenuate inflammation [63].

5.2 Gluten-free diet

Dietary habits, lifestyle changes and sleep patterns are linked to
exacerbating chronic pain. Gluten is one such dietary compo-
nent that has been associated with gastrointestinal, neurologic,
dermatologic, psychologic and musculoskeletal disorders [64].
In a 2021 study, done to evaluate the efficacy of a gluten-
free diet (GFD) in chronic myofascial pain management of
masticatory muscles in women, GFD seemed to reduce the
pain sensitivity in women with Temporomandibular disorders
(TMD) and increase the pressure pain threshold of Masseter
and Anterior Temporalis muscle [65]. Though GFD may be
used as an adjunctive therapy for chronic orofacial and TMD
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FIGURE 3. Recent advances in non-invasive therapeutic options to treat gut dysbiosis which include (from clockwise)—
probiotics, omega-3 fatty acid diet, resveratrol, microbiome engineering, good sleep cycle and lifestyle management.

Created with BioRender.com.
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pain, further studies are needed.

5.3 Resveratrol

Resveratrol is a naturally occurring bioactive compound found
mainly in grape skins and red wines, which has antioxidant and
anti-inflammatory properties. It has been used in the treatment
of trigeminal neuropathic pain in rats and chronic neuropathic
pain in mice [34]. In a study performed to infer the effect
of resveratrol on TMJ inflammation which was induced by
complete Freund’s adjuvant (CFA) in mice, it was found that
Resveratrol inhibits CFA-induced TMJ inflammation, reverses
the CFA-induced reduction of short-chain fatty acids and re-
stores the integrity of the blood-brain barrier. It was also found
that there was a significant reduction of TMJ inflammatory
pain with faecal microbiota transplantation (FMT) done using
the faeces of Resveratrol-treated mice [34]. Hence, it was
concluded in their study, that recovery of gut microbiota could
be used as a promising therapeutic strategy for developing a
new therapy for TMJ pain.

5.4 Omega-3 fatty acids

Dietary lipids like omega-3 fatty acids, play an important role
in regulating gut health. Though there are multiple studies
which showcase the effects of carbohydrates on host-specific
gut microbiota, the impact of dietary lipids like omega-3 fatty
acids still needs more research [66]. Omega-3 fatty acids help
maintain intestinal wall integrity, improving the microbiota
profiling and hence can be used as an adjunct to treat gut
dysbiosis, neuropathic pain, depression, joint pain associated
with rheumatoid arthritis and IBS [66].

5.5 Melatonin

Melatonin secreted by the pineal gland, is traditionally known
for its role in a wide array of physiologic functions like regulat-
ing circadian rhythms, sleep and immune functions. However,
its anti-inflammatory, nociceptive and antioxidant properties
still need more research to validate. A 2015 study performed
to study the effect of melatonin on acute pulpitis, discovered
that acute pulpitis causes a reduction in serum melatonin levels
and exogenous supplementation of melatonin alleviates pulpal
pain [67]. Melatonin has also been proven to alter mechanical
and thermal hyperalgesia induced by CFA in chronic orofacial
pain model in rats, thus making it a potent antihyperalgesic
[68]. Animal studies and even human clinical trials have
shown promising results in treating myofascial TMJ pain,
where patients introduced to melatonin showed a reduction in
pain by 44% and increased pressure pain threshold by 39%
compared to the placebo group [69]. Additionally, there is
one documented report of melatonin used for the treatment of
sleep-related bruxism in children [70].

5.6 Microbiome engineering

As the role of gut health dysbiosis and its link with human
health and diseases is increasingly documented, genetically
engineering the gut microbiota to diagnose, and treat autoim-
mune, metabolic, chronic pain and infectious diseases has
overtaken the conventional methods of treating gut dysbiosis.

This holistic approach helps us understand the relationship
between gut microbiome and the host’s health. Clustered Reg-
ularly Interspaced Short Palindromic Repeats/CRISPR asso-
ciated protein (CRISPR/Cas) systems, transposon-based sys-
tems, homologous recombination and integrase-based systems
have been used as genome editing tools to culture the gut
commensal bacteria. However, economical delivery and op-
timisation are still needed to harness their therapeutic potential
and open new avenues for treating and managing multiple
diseases [71].

6. Discussion

Chronic pain has become a leading cause of disability and
amounts to enormous healthcare costs. The current therapies
for treating orofacial and TMJ pain involve both invasive and
non-invasive therapies. Even still, we do often come across
patients who suffer from a consistent chronic type of pain with
no relief from any model of treatment. Eventually, this type of
chronic pain becomes adaptive and results in a negative sequela
like Central sensitization [72].

Central sensitization results in pain hypersensitivity due to
the amplification of neural signalling within the CNS and
its features are documented in patients with fibromyalgia,
rheumatoid arthritis, headache, osteoarthritis, efc. The prog-
nosis of such cases is poor, and hence it is logical to shift
our treatment option towards non-invasive form of precision
pain medicine before any patient develops central sensitization
due to persistent neural firing. Altering the gut microbiome to
treat chronic diseases is a form of precision medicine which
has become the new norm in treating multiple medical condi-
tions. Despite the growing literature evidence on the interlink
between GM and chronic types of orofacial pain, major studies
are based on animal models and the literature lacks human
trials.

The science and understanding of gut health and its vast
association with the pathophysiology of multiple diseases have
undergone substantial revision. There is rapid growth happen-
ing in the field of microbiome science, which has opened a new
array of progress in the arena of the gut-brain axis.

7. Conclusions

From this review, it’s understood that the interlink between
gut health and orofacial & TMJ pain is an area still unexplored
despite its promising potential. The maxim “You are what
you eat” finally stands as a testament to itself. This new
perspective towards treating chronic orofacial and TMJ pain
will help alleviate those with consistent chronic pain.
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