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Editorial on the Research Topic
Mechanisms of orofacial pain
Orofacial pain affects nearly 27% of the population (1, 2). While acute orofacial pain serves

a protective function, chronic orofacial pain—lasting more than 3 months—lacks a clear

biological purpose (3). Chronic orofacial pain encompasses a range of challenging

conditions, including trigeminal neuralgia, temporomandibular joint and muscle

disorders (TMD), odontogenic issues, and oral afflictions such as oral cancer, mucositis,

and burning mouth syndrome. These conditions can have significant long-term impacts

on key head and neck functions, including aesthetics, speech, eating, sleeping, and

overall psychosocial well-being. Diagnosing and managing chronic orofacial pain

presents numerous challenges due to its complex pathophysiology and the limited

treatment options beyond opioids and invasive procedures.

For decades, research on the basic mechanisms of orofacial pain progressed slowly,

with studies largely being descriptive and lacking in-depth experimental analysis.

However, recent years have seen a surge in research activity, with over 1,000 papers

published annually on orofacial pain. Significant advancements have been made in

our understanding of the mechanisms underlying orofacial pain, driven by the

application of novel technologies for identifying cellular and genetic plasticity,

the development of clinically relevant animal models, and the in-depth analysis of

clinical samples. Importantly, these advances have been fueled by innovative and

groundbreaking ideas.

This Special Issue of “Mechanisms of orofacial pain” in Frontiers in Pain Research features

six articles that highlight recent advances in our understanding of the peripheral mechanisms

of orofacial pain, focusing on areas such as mechanisms, diagnosis, and interventional

modalities. While it is impossible to cover all aspects of orofacial pain in a single set of

reviews, we have endeavored to present a broad scope of research, with an emphasis on the

application of novel technologies and research ideas to deepen our understanding of this

condition. Written by world experts, these reviews are timely, accessible to a broad

audience, and promise to be engaging reads. The reviews follow a “molecule to disease”

presentation style and employ a “bench to bedside” methodological approach.

There is a consensus that orofacial pain originates from tissue and extracellular matrix

damage in the periphery, which alters the properties of sensory afferent nerves and the
01 frontiersin.org

http://crossmark.crossref.org/dialog/?doi=10.3389/fpain.2024.1496188&domain=pdf&date_stamp=2020-03-12
mailto:ruparels@uthscsa.edu
mailto:akopian@uthscsa.edu
https://doi.org/10.3389/fpain.2024.1496188
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpain.2024.1496188/full
https://www.frontiersin.org/articles/10.3389/fpain.2024.1496188/full
https://www.frontiersin.org/research-topics/55877/mechanisms-of-orofacial-pain
https://www.frontiersin.org/journals/pain-research
https://doi.org/10.3389/fpain.2024.1496188
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/


Ruparel and Akopian 10.3389/fpain.2024.1496188
characteristics of sensory neuronal and non-neuronal cells in the

trigeminal ganglia (TG). This plasticity manifests as sensitization of

sensory neurons, leading to increased excitability at peripheral

nerve terminals and enhanced neurotransmission at central

terminals. These findings underscore the importance of

understanding changes in cellular and genetic plasticity in affected

tissues. Omic technologies have provided unprecedented insights

into both cellular and genetic plasticity under both normal and

pathological conditions. For instance, Dr. Ruparel’s group was the

first to report sex-dependent changes in the transcriptomic profile

of lingual sensory neurons during a pathological orofacial

condition, specifically tongue cancer (4). Building on this, we

proposed novel high-resolution approaches for using single-cell

RNA sequencing to identify non-neuronal cell types in the TG of

naïve mice and their gene expression profiles (Mecklenburg et al.).

The increased sensitivity of these approaches enabled the

identification of several types of macrophages and neutrophils in

the TG, and revealed that resident macrophages within the ganglia

possess unique gene profiles, distinguishing them from other

known macrophage types (Mecklenburg et al.). Additionally, this

study indicated that neutrophils reside in the dura surrounding the

TG (Mecklenburg et al.).

While our study determined the genomic profiles of TG cell

types, understanding the functions of these cells and the genes

they express in the ganglia is crucial. Wang et al. reviewed

function of vanilloid subtype 1 (TRPV1), transient receptor

potential ankyrin subtype 1 (TRPA1), acid-sensing ion channel 3

(ASIC3), and the P2X3 receptor in mediation of orthodontic

pain. Ronan et al. reviewed approaches for defining the functions

of whole neurons innervating tissues in the head and neck area.

Specifically, they discussed how a combination of transcriptomic

analysis, anatomical studies, and cell-type-specific in vivo

imaging can precisely identify the biological roles of sensory

neurons innervating different structures of the tooth, such as the

pulp, dentin, enamel, and root area (Ronan et al.). Perry et al.

review expands on this topic, discussing the innervation of other

head and neck tissues, including the masticatory muscles and

TMJ, which are central to debilitating orofacial conditions like

TMJD and myogenous TMD. They also highlight significant

knowledge gaps related to the identities and functions of TG

sensory neurons innervating other head and neck tissues,

particularly joints and muscles (Perry et al.).

The precise identification of cellular and genetic plasticity in both

neuronal and non-neuronal cells will ultimately lead to the

construction of a comprehensive interactome network for various

orofacial pain conditions (5). This will not only facilitate the

discovery of disease-associated therapeutic targets but also

emphasize the importance of targeting peripheral non-neuronal

cells as whole in managing chronic orofacial pain. In this regard,

Ren et al. reviewed the outcomes of mesenchymal stem cell

treatments for pain, comparing the properties of stem cells derived

from different tissues. Their review also discussed the role of

immune cells and the endogenous opioid system in the analgesic

and anti-nociceptive properties of orofacial mesenchymal stem

cells (Ren et al.). Mesenchymal stem cell therapy holds great

promise for managing chronic orofacial pain as well as bone
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remodeling (Wang et al.), given the significant advancements in

methods and procedures to treat patients experiencing orofacial

pain (Ren et al.).

Orofacial pain is a complex and multifaceted phenomenon

influenced by both biological and psychosocial factors (6). To

effectively study the basic mechanisms of various pain conditions—

whether acute, inflammatory, neuropathic, cancer-related, arthritic

(joint), muscle, or postoperative—it is crucial to employ

translationally relevant animal models that can enhance the

reliability of mechanistic findings. The development of clinically

relevant orofacial pain models has been challenging due to the

heterogeneity of many clinical pain conditions in the head and neck

area, and the lack of precise pathophysiological data, particularly at

the molecular and cellular levels. Barjandi et al. reviewed the clinical

and mechanistic aspects of masticatory myalgia (TMD-M), the

most common cause of non-odontogenic orofacial pain. Their

review discusses the epidemiological, diagnostic, and etiological

aspects of TMD-M, as well as the potential risk factors for its

transition from acute to chronic (Barjandi et al.). This review not

only enhances clinical knowledge about TMD-M but also helps

bridge the gap in generating relevant animal models to study this

debilitating and heterogeneous pain condition (Barjandi et al., 7).

In conclusion, we hope that this collection of reviews, written by

leaders in the field, provides a timely and insightful read. This set of

reviews also aim to promote interdisciplinary collaborations, inspire

new research ideas, and contribute to a deeper understanding of

orofacial pain mechanisms, ultimately leading to the development

of new therapeutic strategies and approaches in prevention,

diagnosis, and management to improve prognosis and reduce

patient suffering from orofacial pain.
Author contributions

SR: Writing – original draft, Writing – review & editing. AA:

Writing – original draft, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This research

work was supported by HEAL Initiative NIDCR/NIH DE029187

(to SR and AA); and by the National Institute Of Arthritis And

Musculoskeletal And Skin Diseases of the National Institutes of

Health (NIH/NIAMS) through the NIH HEAL Initiative (https://

heal.nih.gov/) The Restoring Joint Health and Function to Reduce

Pain (RE-JOIN) Consortium UC2 AR082195 (to AA).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
frontiersin.org

https://doi.org/10.3389/fpain.2023.1274811
https://doi.org/10.3389/fpain.2023.1274811
https://doi.org/10.3389/fpain.2023.1274811
https://doi.org/10.3389/fpain.2024.1365194
https://doi.org/10.3389/fpain.2024.1376564
https://doi.org/10.3389/fpain.2024.1376564
https://doi.org/10.3389/fpain.2024.1374929
https://doi.org/10.3389/fpain.2024.1374929
https://doi.org/10.3389/fpain.2023.1239633
https://doi.org/10.3389/fpain.2023.1239633
https://doi.org/10.3389/fpain.2024.1365194
https://doi.org/10.3389/fpain.2023.1239633
https://doi.org/10.3389/fpain.2023.1306475
https://doi.org/10.3389/fpain.2023.1306475
https://doi.org/10.3389/fpain.2023.1306475
https://heal.nih.gov/
https://heal.nih.gov/
https://doi.org/10.3389/fpain.2024.1496188
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/


Ruparel and Akopian 10.3389/fpain.2024.1496188
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated
Frontiers in Pain Research 03
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Ananthan S, Benoliel R. Chronic orofacial pain. J Neural Transm (Vienna). (2020)
127:575–88. doi: 10.1007/s00702-020-02157-3

2. Horst OV, Cunha-Cruz J, Zhou L, Manning W, Mancl L, Derouen TA.
Prevalence of pain in the orofacial regions in patients visiting general dentists in
the northwest practice-based REsearch collaborative in evidence-based DENTistry
research network. J Am Dent Assoc. (2015) 146:721–8.e3. doi: 10.1016/j.adaj.2015.
04.001

3. Classification of chronic pain. Descriptions of chronic pain syndromes and
definitions of pain terms. Prepared by the International Association for the Study of
Pain, Subcommittee on Taxonomy. Pain Suppl. (1986) 3:S1–226.

4. Ibrahim T, Wu P, Wang LJ, Fang-Mei C, Murillo J, Merlo J, et al. Sex-
dependent differences in the genomic profile of lingual sensory neurons in naive
and tongue-tumor bearing mice. Sci Rep. (2023) 13:13117. doi: 10.1038/s41598-023-
40380-6

5. Wangzhou A, Paige C, Neerukonda SV, Naik DK, Kume M, David ET, et al. A
ligand-receptor interactome platform for discovery of pain mechanisms and
therapeutic targets. Sci Signal. (2021) 14(674). doi: 10.1126/scisignal.abe1648

6. Raja SN, Carr DB, Cohen M, Finnerup NB, Flor H, Gibson S, et al. The revised
international association for the study of pain definition of pain: concepts, challenges,
and compromises. Pain. (2020) 161:1976–82. doi: 10.1097/j.pain.0000000000001939

7. Lindquist KA, Shein SA, Hovhannisyan AH, Mecklenburg J, Zou Y, Lai Z, et al.
Associations of tissue damage induced inflammatory plasticity in masseter muscle
with the resolution of chronic myalgia. Sci Rep. (2023) 13:22057. doi: 10.1038/
s41598-023-49280-1
frontiersin.org

https://doi.org/10.1007/s00702-020-02157-3
https://doi.org/10.1016/j.adaj.2015.04.001
https://doi.org/10.1016/j.adaj.2015.04.001
https://doi.org/10.1038/s41598-023-40380-6
https://doi.org/10.1038/s41598-023-40380-6
https://doi.org/10.1126/scisignal.abe1648
https://doi.org/10.1097/j.pain.0000000000001939
https://doi.org/10.1038/s41598-023-49280-1
https://doi.org/10.1038/s41598-023-49280-1
https://doi.org/10.3389/fpain.2024.1496188
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

	Editorial: Mechanisms of orofacial pain
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


