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A B S T R A C T

Transient Receptor Potential (TRP) channels are a family of ion channels that play pivotal roles in 
various physiological processes, including sensory transduction, temperature regulation, and 
inflammation. In the context of dentistry, recent research has highlighted the involvement of TRP 
channels in mediating sensory responses and inflammation in dental tissues and temporo- 
mandibular joint (TMJ) structure. TRP channels have emerged as major contributors in the 
development of inflammatory conditions and pain affecting the oral cavity and related structures, 
such as periodontitis, dental erosion cause hypersensitivity, pulpitis, and TMJ disorders. These 
inflammatory conditions notably contribute to oral health challenges, often leading to sharp pain, 
dull aches, and compromised functionality. Pharmacological interventions and emerging strate-
gies aimed at modulating TRP channel activity are critically evaluated. The therapeutic potential 
of targeting TRP channels in the management within dental practice is a focal point of view to 
alleviate pain and inflammation. In conclusion, this comprehensive review provides a valuable 
synthesis of current knowledge regarding the involvement of TRP channels in inflammatory 
conditions of dentistry underscoring the potential of TRP channels as promising targets for 
therapeutic intervention, and then paving the way for innovative strategies to address the com-
plexities of inflammatory dental conditions.

The transient receptor potential (TRP) channels constitute a versatile family of ion channels that make substantial contributions to 
sensory transduction and inflammation [1]. The modular structure of TRP channels allows them to respond to a wide array of physical 
and chemical stimuli, rendering them crucial in processes like thermosensation, chemosensation, and mechanosensation [2]. The 
current understanding of TRP channels, which includes their structural attributes and various functions in cellular physiology, 
highlights their participation in sensory perception, notably in temperature and pain detection. Moreover, it explores their broader 
relevance in cellular signaling and oral-facial conditions within dentistry. Furthermore, the review investigates recent progress in TRP 
channel studies and potential therapeutic approaches aimed at these channels.
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1. Brief overview of Ion channels, cellular signaling, and their functions

Ion channels are integral membrane proteins that play a fundamental role in cellular physiology by facilitating the selective 
movement of ions across cell membranes [1]. This regulated ion flux is crucial for maintaining cellular homeostasis, signal trans-
duction, and various physiological processes. Ion channels exhibit remarkable diversity in structure, function, and specificity, allowing 
them to respond to a myriad of environmental cues and contribute to the intricate balance of ion concentrations within and between 
cells [3]. Preclinical studies categorize channels according to their selectivity for specific ions, including calcium, potassium, sodium, 
and chloride. They can be further categorized into mechanically-gated, voltage-gated, and ligand-gated channels. Mechanically-gated 
channels are triggered by the mechanical stimuli while voltage-gated channels react in response to alterations in membrane potential. 
In addition, ligand-gated channels, on the other hand, become activated through the binding of specific molecules [4].

TRP channels have a rich history dating back over 50 years. In 1960, Cosens et al. made a pivotal discovery by identifying a visual 
mutant in Drosophila [5]. This mutant exhibited a transient response, rather than a sustained one, to bright light stimuli [6]. Sub-
sequently, in 1975, Minke et al. coined the name "transient receptor potential" for this mutant based on its distinctive electrophysi-
ological behavior [7]. The turning point arrived in 1989 when Montell et al. and Wong et al. independently cloned the TRP gene, 
identifying it as a transmembrane protein. This groundbreaking accomplishment marked the beginning of a focused research effort 
aimed at broadening our understanding of TRP [8]. Since these seminal discoveries, scientists have been dedicated to unraveling the 
intricate functions and physiological roles of TRP channels. This ongoing exploration has led to significant advancements in our 
comprehension of these channels and their involvement in various biological processes.

All TRP (Transient Receptor Potential) gene products are intrinsic membrane proteins characterized by six transmembrane helices 
(S1-S6) and a cation-permeable pore located between the S5 and S6 helices, forming a voltage-sensor-like domain (VSLD). The 
intracellular amino (N) and carboxy (C) termini vary in length across different TRP channel subfamilies (Fig. 1). These cytoplasmic 
domains play a crucial role in regulating channel function and modulating their trafficking within the cell (Table 1).

TRPA (Transient Receptor Potential Ankyrin) channels are characterized by an abundance of N-terminal ankyrin repeats and 
function as receptors for a diverse array of harmful external stimuli, encompassing extreme cold, irritating substances, mechanical 
pressures, reactive chemicals, and endogenous signals associated with cellular injury. TRPA1 activates the nuclear factor kappa-B (NF- 
κB) and AMP-activated protein kinase (AMPK) signaling pathways [23,24] (Table 2), which in turn stimulate the production of in-
flammatory factors such as TNF-α and members of the IL family. Activation of TRPA1 channels also triggers an influx of sodium and 
calcium ions, leading to depolarization of nociceptive nerve endings—essential for generating centrally propagating nociceptive 
signals. The broad roles and distribution of TRPA1 across nociceptive nerve fibers, epithelial cells, and various other cell types un-
derscore its involvement in a wide range of diseases, including neurogenic inflammation, osteoarthritis, allergic dermatitis, asthma, 
inflammatory bowel disease, migraine, cancer pain, and gout. These characteristics make TRPA1 an attractive target for therapeutic 
interventions [9,10].

Like TRPA channels, TRPC channels also feature N-terminal ankyrin repeats and function as nonselective cation channels. The C- 
terminus is involved in protein-protein interactions, influencing channel trafficking, assembly into complexes, and regulation by 
intracellular signaling pathways. The structure of TRPC channels shares similarities with the voltage sensor domains of voltage-gated 
K+, Na+, and Ca2+ channels, with the S5–S6 regions forming a conserved ion conductance or pore domain common to all TRP 
channels, as well as voltage-gated channels, inwardly rectifying K+ channels, and bacterial K+ and Na + channels [11,12]. TRPC4 has 
been implicated in skin inflammation, such as erythema and desquamation. Inflammation in an imiquimod (IMQ)-induced psoriasis 
model can be inhibited by TRPC4 antagonists [25]. TRPC channels play a significant role in vasospasm following hemorrhagic stroke, 
neuronal death and survival in ischemic stroke, and thrombin-induced pathological changes in astrocytes. They also contribute to 
stroke risk by influencing blood pressure and atherosclerosis [26]. In Ca2+ imaging experiments, Ca2+ influx through TRPC6 activates 
MAPK signaling, promoting the neuroprotective chemokine CXCL1 [27], which helps protect nerves after a stroke.

Fig. 1. The overall architecture of mammalian transient receptor potential (TRP) channels consists of a tetrameric arrangement, where each subunit 
is composed of six transmembrane domains (S1-S6). The N- and C-terminal domains are situated in the cytoplasmic regions.

V. Chantadul et al.                                                                                                                                                                                                    Heliyon 11 (2025) e41730 

2 



TRPM channels, specifically, belong to the melastatin subfamily. The structures of TRPM channels have been elucidated through 
various techniques, including X-ray crystallography and cryo-electron microscopy (cryo-EM), providing insights into their gating 
mechanisms and regulation. They are involved in various physiological functions such as sensing temperature, osmolarity, pH, and 
other environmental stimuli. TRPM4 and TRPM7, participate in the regulation of sodium and potassium homeostasis. TRPM4, for 
instance, acts as a calcium-activated non-selective cation channel, influencing cellular excitability and ion balance. TRPM7 has been 
implicated in magnesium and divalent cation homeostasis, affecting cell viability and function [28]. TRPM channels are associated 
with the regulation of various cations, including K+, Na+, Mg2+, and Ca2+, and are activated and modulated by MAPK and NF-κB 
signaling pathways [29,30]. They also play a role in regulating respiratory conditions such as cough by modulating oxidative stress in 
the cough center [31]. Furthermore, TRPM channels are crucial in mediating cell death triggered by oxidative stress-related patho-
logical factors, including ischemia-reperfusion injury, neurotoxic amyloid β-peptide, and MPTP/MPP+, all of which contribute to 
neuronal death in the brain [13–15].

TRPML stands for Transient Receptor Potential Mucolipin. The structure of TRPML channels consists of six transmembrane seg-
ments (S1-S6), with both the N- and C-termini located intracellularly. TRPML channels form tetrameric complexes, where each subunit 
contributes to the formation of the ion-conducting pore. These channels are permeable to a variety of cations, including K+, Na+, and 
Ca2+. TRPML channels are particularly interesting because of their involvement in lysosomal function and membrane trafficking. 
They are primarily located in the membranes of lysosomes, which are cellular organelles responsible for degradation and recycling of 
cellular waste [16,17]. The TRPML signaling pathway is activated through calcium-dependent kinases and AMPK. TRPML is associated 
with oxidative stress, and its upregulation or downregulation is linked to the emergence of a tumor phenotype. This strongly suggests 
that changes in TRPML protein expression may represent an early event in the tumorigenesis of glioblastoma (GBM) [32].

Polycystin proteins, which are encoded by the PKD1 and PKD2 genes in humans, are essential components of TRPP channels. 
Mutations in these genes are associated with polycystic kidney disease (PKD), a genetic disorder characterized by the formation of 
fluid-filled cysts in the kidneys and other organs. TRPP channels have been implicated in various physiological processes, including 
calcium signaling, mechanosensation, and regulation of cell proliferation and differentiation. They are particularly important in the 
kidney, where they are involved in sensing fluid flow and maintaining proper renal function [33]. The exact structures and functions of 
TRPP channels are still being elucidated, as research in this area is ongoing. However, they are known to form complex multi-protein 
complexes and play critical roles in cellular signaling pathways [18,19].

The general architecture of TRPV (Transient Receptor Potential Vanilloid) channels bears resemblance to voltage-gated potassium 
channels and encompasses six subfamilies. Each family exhibits unique characteristics and responds to various endogenous ligands, 
along with distinct gating stimuli like heat, pH, mechanical stress, or osmotic shifts. Activation of the TRPV family regulates MAPK 
signaling, which induces neuronal cell death and is associated with neuronal dysfunction [34–38]. TRPV modulation of the TGF-β 
signaling pathway has been linked to renal and liver fibrosis [36]. Additionally, TRPV activation via the NF-κB pathway leads to the 
production of proinflammatory cytokines, contributing to tissue inflammation [39]. Their physiological roles are remarkably diverse 
and are often specific to particular subtypes and tissues. Across numerous tissues, they function as detectors of diverse pain stimuli, 
including heat, pressure, and pH fluctuations, while also contributing to electrolyte homeostasis, barrier integrity, and macrophage 
development [20–22].

Activating TRP channels induces ionic alterations both inside and outside the cell, initiating downstream pathways. TRPs impact 

Table 1 
Provides a detailed overview of the N- and C-terminal domains, highlighting the specific functions associated with each TRP subfamily.

N-terminal C-terminal Function Ref

TRPA Ankyrin binding domain – Thermosensitivity, Nociception 9, 10
TRPC Ankyrin binding domain TRP box, Homer, calmodulin, IP3R, PDZ 

domain
Blood pressure regulation, angiogenesis 11, 12

TRPM TRPM homology region (MHR) 
domain

TRP box, calmodulin, IP3R, α-kinase, 
ADP-ribose hydrolase

Core body temperature sensation, inflammatory 
pain, cold sensation

13, 14, 
15

TRPML Nuclear localization domain EF-hand, Late endosomal/lysosomal 
targeting signal

Immune response, cell depolarization 16, 17

TRPP GSK3 phosphorylation site, Cilial 
transport motif

EF-hand, ER retention signal, coiled-coil 
domain

Calcium signaling 18, 19

TRPV Ankyrin binding domain PIP2, PDZ domain, calmodulin Neurodepolarization, Thermosensitivity, 
Mechanosensitivity

20, 21, 
22

Table 2 
TRP channels involve on various signaling pathways.

MAPK TGF-β NF-KB AMPK

TRPA1 Activation [23] – Activation [24] –
TRPC4 Activation [25] – – –
TRPV1 Activation [34,35] Modulation [36] – Activation [34,35]
TRPV4 Activation [37,38] – Activation [39] –
TRPM8 Activation [29] – Modulation [30] –
TRPML1 Activation [32] – – –
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various signaling pathways, including the mitogen-activated protein kinase (MAPK) pathway, transforming growth factor (TGF)-β 
signaling pathway, nuclear factor kappa-B (NF-κB) pathway, and AMP-activated protein kinase (AMPK) pathway. Table 2 shows the 
specific TRP channels affecting several downstream pathways.

2. Role of TRP channel in inflammatory diseases of orofacial structure

A key aspect of TRP channels is their role in sensory transduction. TRP channels act as molecular sensors, converting physical or 
chemical stimuli into electrical signals that are then transmitted to the central nervous system. This sensory transduction is evident in 
processes such as the detection of temperature changes, the perception of noxious stimuli (nociception), and the recognition of specific 
tastes [40–42].

Temperature sensation refers to the ability of organisms to detect and interpret temperature changes in their environment or within 
their bodies [43]. It’s a fundamental aspect of physiology that allows organisms to respond appropriately to temperature variations, 
whether warmth or cold, avoiding extreme temperatures, or regulating internal body temperature. TRP channels are a diverse group of 
ion channels found in various organisms, including mammals, and play a crucial role in detecting temperature changes. Some TRP 
channels are specifically sensitive to temperature alterations, hence termed thermosensitive TRP channels. These channels act as 
molecular sensors, responding to different temperature ranges, including both hot and cold stimuli. The role of thermosensitive TRP 
channels involves their ability to sense temperature and convert these temperature cues into electrical signals that can be transmitted 
to the nervous system [44]. Upon activation by specific temperature ranges, these channels allow ions to flow across the cell mem-
brane, triggering nerve impulses that convey temperature in-formation to the somatosensory cortex [45]. Dysfunction or alterations in 
these channels can lead to various sensory disorders related to temperature perception, such as hypersensitivity to temperature ex-
tremes, impaired thermoregulation, or conditions like chronic pain syndromes.

The perception of pain is a critical physiological response that serves as a protective mechanism in response to harmful stimuli. 
Nociception, the neural process of encoding noxious stimuli, involves complex mechanisms, with TRP channels playing a pivotal role 
[46]. TRP channels, a diverse family of ion channels, serve as molecular sensors for various pain-inducing stimuli, including thermal, 
chemical, and mechanical stimuli. Specific subtypes of TRP channels, such as TRPV1, TRPA1, and TRPM8, are extensively involved in 
nociceptive signaling pathways, contributing to the detection and transmission of painful stimuli [47]. The identification of TRP 
channels in the orofacial structure is presented in Table 3.

This section comprehensively explores the TRP channel function in pathological orofacial inflammatory conditions including 
pulpitis, dentin hypersensitivity, periodontitis, and temporomandibular joint (Fig. 2).

2.1. Pulpitis

Pulpitis is an inflammatory condition affecting the dental pulp, which is the soft tissue at the center of a tooth containing blood 
vessels, nerves, and connective tissue. This inflammation is commonly caused by bacterial infection, often resulting from untreated 
tooth decay or dental cavities.

In caries-induced pulpitis, bacterial toxins have the potential to directly activate pulpal nerve fibers, preceding the onset of 
neurogenic inflammation triggered by the immune response to infection and contributing to the manifestation of pain [57]. These 
toxins can, in turn, activate TRPV4 expressed on odontoblasts, leading to elevated intracellular Ca2+ levels of odontoblasts and 
subsequent activation of intra-dental sensory neurons.

The TRPV2 receptor is notably more highly expressed in pulpal sensory neurons compared to its expression in the trigeminal 
ganglia (TG) as a whole [58]. Conversely, TRPV1 appears to be underrepresented in pulpal sensory neurons relative to its expression in 
the broader TG [59]. These findings suggest that the dental pulp possesses a distinctive nociceptive innervation pattern and may have a 
limited ability to perceive heat through TRPV1, especially in uninjured conditions. This observation might relate to the clinical un-
reliability of heat as a stimulus for testing pulp vitality [60]. Considering that TRPV2 is no longer considered a primary transducer of 
noxious heat stimuli, it can be implied that either a sparse number of TRPV1 afferents are adequate to convey heat sensitivity in the 
dental pulp, or alternative yet undiscovered heat transducers or mechanisms might be involved in this process [61]. Inflammatory 
conditions can lower the activation threshold of TRP channels in odontoblasts and sensory neurons, leading to nerve hyperexcitability. 
The upregulation of TRPV1 [62] and TRPA1 [63] in the nerve fibers of the dental pulp is associated with the pain experienced in dental 
pulpitis. Lipopolysaccharide (LPS), a bacterial toxin, has been found to activate cultured TG neurons and sensitize TRPV1 channels via 

Table 3 
The discovery of TRP channels in orofacial structures.

Year Discovery/Key Event in Dental & TMJ Related to TRP Channels

2005 The involvement of TRPV1 in both dental pulp and odontoblasts related to inflammation [48,49]
2013 Study indicating TRPV1 activation in dental pulp inflammation [50]
2015 Research linking TRPV4 to odontoblast function and dentin sensitivity [51]
2015 Role of TRPM8 in dental afferent neuron caused hypersensitivity and cold-induced pain [52]
2016 Implications of TRPA1 in odontoblast induced dental nociception and pain signaling [53]
2020 Exploration of TRPV1 and TRPA1 In afferent signaling from muscle induced temporomandibular joint pain and inflammation [54]
2021 Investigating the involvement of TRPV1 and TRPV4 in trigeminal afferent neurons in crucial for understanding their role in temporomandibular disorders 

and pain [55,56]
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a toll-like receptor 4 (TLR4)-mediated mechanism [64], while sensitizing TRPA1 channels in a TLR4-independent manner [65].
Therefore, TRP Channels in dental tissue are included. 

1. Thermal Sensation: TRPV1 and TRPA1 channels contribute to thermal sensation in dental pulp, impacting responses to hot and cold 
stimuli.

2. Nociception: TRPV1 and TRPA1 are implicated in dental pain perception, responding to noxious stimuli and contributing to 
nociceptive signaling.

TRP channels such as TRPV1 or TRPM2 are also expressed on pulpal fibroblasts, playing a significant role in pulpitis. Abundantly 
present in the dental pulp, fibroblasts are responsible for synthesizing the extracellular matrix and maintaining the structural integrity 
of the dental pulp [66,67]. The activation of the TRPV1 channel leads to the release of IL-6, a pro-inflammatory cytokine, in response to 
bacterial stimulation, suggesting a role in the development of pulpitis [68]. Furthermore, the overexpression of TRPM2 in the pulpal 
fibroblasts of teeth exhibiting signs of irreversible pulpitis has been observed [69].

Moreover, studies have reported that during inflammation, pulpal pressure can increase from 15 to 40–50 cm H2O [70,71]. This 
elevation is attributed to the release of fluid from blood vessels within the pulp, which is encased by hard tissues [70]. Such an increase 
in intra-pulpal pressure can activate mechanosensitive TRP channels on the nerve fibers within the pulp, thereby resulting in spon-
taneous pain.

Members of the TRP family are expressed in various cells of orofacial structures, such as vascular cells, immune cells, odontoblasts, 
fibroblasts, neurons, including mesenchymal stem cells [72]. Notably, TRPV1 has garnered significant attention due to its expression in 
a substantial subset of nociceptive afferent neurons. Antagonists such as SB366791, which target this receptor, have demonstrated 
efficacy in preclinical models of both inflammatory and neuropathic pain [73]. The extensive innervation of human dental pulp by 
neurons expressing both calcitonin gene-related peptide (CGRP) and the TRPV1 receptor. Moreover, applying capsaicin to human 
dental pulp leads to a concentration-dependent release of CGRP, a response that is effectively inhibited by pretreatment with Cap-
sazepine, a TRPV1 antagonist [74]. These findings collectively support the hypothesis that orofacial tissues can engage in inflam-
matory responses mediated via transduction processes facilitated by TRP channels.

2.2. Dentin hypersensitivity

Dentin hypersensitivity, often characterized by sharp pain or discomfort in response to various stimuli (such as hot, cold, sweet, or 
acidic substances), is a common dental condition that can significantly affect an individual’s quality of life. The involvement of TRP 
channels, particularly those expressed in sensory nerve fibers within the dentin-pulp complex, has gained attention in understanding 
the mechanisms underlying dentin hypersensitivity [74].

Among TRP channels, several subtypes have been implicated in dentin sensitivity, including TRPV1, TRPV3, TRPV4, and TRPA1 
[75]. These channels are expressed in the nerve endings of odontoblasts, which are specialized cells forming the dentin-pulp interface. 

Fig. 2. The diagram representative transient receptor potential (TRP) channels involved in orofacial inflammatory conditions. TG; trigeminal 
ganglion, TMJ; temporomandibular joint.
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Their activation, triggered by various stimuli, can lead to the generation of action potentials and the transmission of pain signals [76]. 
Specifically, TRPV1 has been associated with its responsiveness to heat, acidic pH, and capsaicin. TRPV1 activation in dentin hy-
persensitivity might occur due to the exposure of dentinal tubules to thermal changes or acidic conditions resulting from dietary factors 
or dental erosion [77]. TRPV3 and TRPV4 are sensitive to warmth and mechanical stimulation. Their involvement in dentin sensitivity 
might be linked to temperature changes and mechanical stimuli that cause dentinal fluid movement and subsequent nerve excitation 
[78]. TRPA1 is another TRP channel activated by cold, mechanical stimuli, and certain chemicals. Its role in dentin hypersensitivity 
could be associated with responses to cold stimuli or other triggers that activate the channel in dentinal tubules [79]. The exact 
mechanisms and contributions of these TRP channels in dentin sensitivity are still under investigation. However, their presence and 
responsiveness in odontoblasts and nerve endings within the dentin-pulp complex suggest their involvement in the transmission of 
nociceptive signals related to dentin hypersensitivity.

Intense thermal stimulation on the tooth surface can gradually alter the temperature at the dentine-pulp junction, potentially 
activating thermosensitive TRP channels found on odontoblasts and sensory neurons in the TG [80,81]. These TRP channels, acting as 
thermoreceptors, trigger inward currents in afferent neurons within the TG [78]. Furthermore, external stimuli activating TRP 
channels and other receptors on odontoblasts can increase the concentration of intracellular Ca2+ [72,82–84]. Consequently, 
odontoblasts may release ATP and glutamate, which can signal adjacent nerve fibers of afferent neurons in the TG in a paracrine 
manner [82–85]. Notably, ATP activates purinergic receptors on peripheral sensory nerve fibers, which is significant for pain signaling 
[86], and glutamate may also function as a communicating molecule between odontoblasts and TG neurons [87].

Applying a thermal stimulus to a tooth surface generates the thermal gradient between the enamel and dentine, leading to me-
chanical stress [87], and, in turn, inducing expansion of the dentinal wall, resulting in fluid movement within the dentinal tubules 
[88]. This suggests that intense thermal stimulation causes mechanical deformation of the dentine, potentially activating mechano-
sensitive TRP channels and other mechanoreceptors found in odontoblasts and pulpal nerve fibers. Moreover, mechanical stretching of 
the cell membrane, induced by hypotonic solutions, increases intracellular Ca2⁺ levels in cultured odontoblast-like cells [75,82–84,89,
90]. This response is inhibited by antagonists of TRPV1 (capsazepine), TRPV2 (tranilast), TRPV4 (RN-1734) [75,83,84], TRPA1 
(HC030031) [89], and TRPM7 (FTY720, extracellular Mg2⁺, and Gd³⁺) [90], suggesting their potential roles as mechanoreceptors 
and/or osmoreceptors. Both mechanosensitive and thermo-sensitive TRP channels expressed in odontoblasts and sensory neurons in 
the TG can be activated by thermal stimuli applied to an intact tooth. The dentin hypersensitivity experienced after thermal stimu-
lation of the tooth surface may be partially due to the activation of mechanoreceptors on odontoblasts and sensory neurons in the TG 
induced by mechanical stress.

2.3. Periodontitis

In the context of periodontitis, the hypoxic environment of subgingival region in-duces abnormal apoptosis, which play a pivotal 
role in disease development by promoting ongoing infection and exacerbating immune reaction. This imbalance between the 
destruction of resorption and the reconstruction of mineralization in periodontal tissue perpetuates the disease [91]. Of particular 
interest is the transient receptor potential ankyrin 1 (TRPA1), which is the nonselective permeable Ca2+ channel within the transient 
receptor potential cation channels superfamily. TRPA1 is expressed in periodontal ligament cells (PDLCs) [92] and contributes to 
inflammatory pain and mechanical hyperalgesia [93]. The increase in cytosolic Ca2+ triggered by TRPA1 activation during inflam-
mation consistently correlates with heightened levels of reactive oxygen species (ROS), cellular apoptosis, endoplasmic reticulum (ER) 
stress, and mitochondrial dysfunction. These mechanisms collectively contribute to additional cytosolic Ca2+ elevation by regulating 
Ca2+ gates and promoting Ca2+ leakage from the ER or plasma membrane [94]. Previous research indicates that oxidative stress (OS), 
characterized by the activation of reactive oxygen species (ROS), and apoptosis occur prior to the onset of periodontitis [91] The 
overproduction of ROS and irregular apoptosis are implicated in the loss of alveolar bone during the progression of periodontitis [95]. 
Hence, protecting periodontal tissues or cells from various factors that induce oxidative stress and apoptosis becomes a potential 
approach to delay the start and progression of periodontitis. Moderately pre-venting or eliminating excessive ROS or apoptosis is 
crucial in managing the microenvironment of periodontitis and establishing favorable conditions for periodontal homeostasis [96–98].

Moreover, the upregulation of TRPV1 has been linked to numerous inflammatory conditions, including periodontitis [99]. Studies 
by Sooampon S et al. demonstrated that the activation of TRPV1, a nociceptive ion channel receptor, by capsaicin, resulted in the 
increased expression of osteoprotegerin (OPG) in periodontal ligament cells [100]. They found that thermal stimulation induced 
TRPV1 activation in these cells, leading to calcium influx, which served as a secondary messenger, ultimately promoting the expression 
of TNF-α [101]. Moreover, inhibiting TRPV1 ion channels by capsazepine was observed to disrupt the differentiation process of 
periodontal osteoclasts and osteoblasts in vitro [102].

Orthodontic force also causes mechanical irritation and, in turn, induced localized inflammation in the periodontium, often 
resulting in pain for many patients. In mice, nocifensive behaviors triggered by orthodontic force can be significantly reduced by intra- 
ganglionic injection of resiniferatoxin (RTX), a neurotoxin specifically targeting a subset of neurons expressing TRPV1 [103]. Noci-
ceptive inputs via TRPV1 expressing afferents seem to initiate subsequent alterations in gene expression, not only evident in 
TRPV1-positive neurons but also present in TRPV1-negative neurons and non-neuronal cells throughout the ganglia [103]. The 
transcriptomic changes triggered by orthodontic force may signify an active regenerative program within the TG in response to axonal 
injury resulting from orthodontic force application [59].
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2.4. Temporomandibular joint

TRP channels have been identified in various tissues and structures within the orofacial region, including the temporomandibular 
joint (TMJ). These channels play a role in sensory perception, nociception, and inflammatory processes, making their presence in the 
TMJ significant for understanding its physiology and potential involvement in TMJ-related disorders [104]. Several studies have 
indicated the expression of different TRP channel subtypes in the TMJ. TRPV1, TRPV4, TRPA1, and other TRP channels have been 
detected in sensory nerve fibers, chondrocytes, and synovial cells within the TMJ. TRPV1, known for its sensitivity to heat, capsaicin, 
and inflammatory mediators, has been found in sensory nerve fibers in the TMJ region. Activation of TRPV1 in these nerve endings 
might contribute to pain sensation associated with TMJ disorders.

Acute temporomandibular disorder typically come from muscle injury. This injury may lead to altered biomechanics and increased 
stress on the joint. The heightened mechanical load can trigger a local inflammatory response within the synovium. This process is 
characterized by the release of pro-inflammatory mediators and an increased production of synovial fluid, resulting in synovitis. 
Prolonged activation of the inflammatory response can contribute to the transition from the acute phase to a chronic stage of synovitis. 
if left the synovitis untreated or unmanaged, may ultimately lead to the development of joint osteoarthritis. The synovium, a thin 
membrane lining the inner surface of the joint capsule, contains a rich supply of nerve endings. These nerve endings are primarily 
composed of free nerve endings, and they play a crucial role in conveying pain signals.

TRPV4, responsive to osmotic changes, mechanical stimuli, and temperature, has also been identified in chondrocytes and synovial 
cells within the TMJ [105]. Its involvement in mechanosensation and cellular responses to mechanical stress in the TMJ suggests a role 
in joint function. The findings from a prior study suggested that TMJ pain is triggered by increased bite force, leading to the upre-
gulation of TRPV4 through phosphorylated extracellular-signal-regulated kinase (ERK). Conversely, TRPV4 likely operates down-
stream of MEK/ERK phosphorylation during the inflammation stage [106,107]. TRPA1, sensitive to chemical irritants and cold stimuli, 
has been detected in sensory nerves and synovial tissue of the TMJ. Its activation might contribute to nociceptive responses and in-
flammatory processes within the joint [108]. The co-expression of TRPV1-TRPA1 is present in masseter muscles. The activation of 
TRPV1 through the p38 MAPK pathway simultaneously induces the upregulation of TRPA1 [109]. Inhibiting this pathway could be a 
viable option to halt the progressive advancement toward the degenerative stage of TMJ. The recent study was revealed that the 
expression of TRPV1 in the TMJ exhibited an increase in mice subjected to a model of complete Freund’s adjuvant (CFA) injection by 
day 21 [110]. The induction of synaptic plasticity by glutamate in sensory nerves is a pivotal factor in the peripheral sensitization of 
TRPV1, given its modulation through the activation of protein kinase C [54]. Preserving the adaptability of sensory nerves becomes 
imperative to preclude the development of hypersensitivity sensations that could progress into chronic pain.

Generally, TRPV1 and TRPA1 are predominantly present in orofacial tissue, as depicted in Fig. 2. Following injury and inflam-
mation, there is an upregulation of these channels, resulting in peripheral sensitization. This subsequently leads to heightened 
regulation of neurogenic inflammation and cytokine release through various signaling pathways, as detailed in Table 2. This pro-
gression initiates apoptosis in various tissues, signifying the shift to the chronic phase of inflammation. Ultimately, structural integrity 
diminishes, leading to deformities. Highlighting the potential effectiveness of targeted interventions aimed at selectively modulating 
these primary channels underscores promise for managing inflammatory conditions and their associated symptoms.

3. Implications and future therapeutic potential of TRP channel in orofacial regions

The implications and future directions of TRP channels encompass a wide array of areas in both basic science and clinical appli-
cations. Here are some significant implications and potential avenues for future research concerning TRP channels TRP channels 
represent potential therapeutic targets for orofacial inflammatory conditions. Further research into developing selective modulators 
(agonists or antagonists) with improved specificity and reduced side effects holds promise for clinical interventions [111] Table 4
represents the TRP channels involved in pain and inflammation along with agonists and antagonists.

A previous study indicated that TRPV1 (Capsazepine) and TRPA1 (HC-030031) antagonists effectively mitigated oxidative stress in 
the periodontal ligament (PDL) and dental pulp [92] leading to a reduction in calcium influx associated with nociceptive pain behavior 
[112]. Additionally, the antagonists such as HC030031, AP18, and HC067047 were found to diminish ATP release in human odon-
toblasts [113]. Furthermore, the TRPV4 antagonist (HC 067047) exhibited inhibitory effects on hypotonic stress-induced RANKL 
expression in human PDL cells [114]. In addition, the TRPM8 antagonist (Cannabidivarin) exhibited the capacity to modulate 
IL-1β-induced inflammation in human gingival fibroblasts [115].

Continued exploration and development of TRP channel modulators, especially subtype-specific drugs, using innovative 

Table 4 
Agonists and antagonists of TRP channels.

agonists antagonists Applications Ref

TRPA1 Mustard oil, Cinnamaldehyde HC-030031, A-967079 Pain, inflammation 79

TRPV1
Capsaicin, Heat, Resiniferatoxin Capsazepine, Capsaicin (high dose) Pain 80

TRPV4
4α-PDD, GSK1016790A HC-067047, RN-1734 Inflammation 81

TRPM8
Menthol, Eucalyptol, Cubebol AMG-333, Cannabidivarin, PF-05105679 Pain 15
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pharmacological approaches, including high-throughput screening, structure-based drug design, and novel compound discovery, are 
crucial for translating TRP channel research into effective pharmaceuticals. Pharmacological interventions and emerging strategies 
targeting the modulation of TRP channels represent a focal point for alleviating pain and inflammation. These approaches are under 
critical evaluation due to the pivotal roles TRP channels play in sensory perception and the transmission of nociceptive signals. Several 
pharmacological interventions have been developed to modulate TRP channel activity. Antagonists targeting specific TRP channel 
subtypes, such as TRPV1 or TRPA1, have shown promise in preclinical studies and some clinical trials for managing pain and 
inflammation. For instance, Capsazepine have been explored for their potential in mitigating neuropathic pain, while HC-030031 have 
demonstrated efficacy in addressing inflammatory pain conditions [116,117]. Moreover, compounds that can selectively activate 
certain TRP channels have been investigated. For instance, capsaicin, an activator of TRPV1, has been employed topically for pain 
relief, particularly in conditions like arthritis or neuropathy. Similarly, menthol, an activator of TRPM8, has been utilized for its 
cooling effects in pain management [15].

Recent research has unveiled novel strategies for modulating TRP channels, including the development of small molecules, anti-
bodies, natural compounds, and gene therapy approaches. These strategies aim to fine-tune TRP channel activity, either by blocking or 
enhancing their function, to alleviate pain and dampen inflammatory responses. However, challenges persist in developing TRP 
channel modulators with high specificity and minimal off-target effects. The dual roles of TRP channels in physiological and patho-
logical processes necessitate careful consideration to avoid unwanted side effects when targeting these channels for therapeutic 
purposes. Emerging technologies and approaches, such as structure-based drug design, high-throughput screening, and CRISPR-based 
gene editing, offer promising avenues for the development of more precise and effective TRP channel modulators.

Understanding the roles of specific TRP channels in pain sensation and nociception is essential for developing targeted therapies for 
pain management. Investigating TRP channel interactions with other pain-related receptors and signaling pathways could unveil novel 
strategies for pain relief. Elucidating the involvement of TRP channels in inflammatory processes and immune responses may provide 
insights into modulating these channels to regulate inflammatory conditions. Targeting TRP channels might offer therapeutic op-
portunities for conditions such as asthma, arthritis, and inflammatory bowel disease. Exploring the diverse functions of TRP channels 
in sensory physiology, including temperature sensation, taste, vision, and olfaction, could provide deeper insights into sensory 
perception mechanisms. Understanding the interplay between different TRP channel subtypes in sensory systems is an intriguing area 
for future investigation. Translating basic TRP channel research findings into clinical applications, such as developing diagnostic tools, 
prognostic markers, and personalized therapies, remains a critical direction for future investigations.

4. Conclusion

TRP channels have gained attention in the field of dentistry due to their presence and involvement in various oral tissues, including 
dental pulp, periodontal tissues, and sensory nerves within the oral cavity. These channels, acting as molecular sensors, play pivotal 
roles in sensory perception, nociception, and the response to various stimuli in dental structures. In dentistry, TRP channels, partic-
ularly subtypes such as TRPV1, TRPV4, TRPA1, and TRPM8, are implicated in several aspects. TRP channels, especially TRPV1 and 
TRPA1, are expressed in sensory nerve fibers within dental pulp and periodontal tissues. They play a role in detecting temperature 
changes, chemical stimuli, and mechanical stress, contributing to dental pain perception and sensitivity. TRP channels have been 
identified in odontoblasts and nerve endings within dentin. They are involved in dentin hypersensitivity, where stimuli like cold, hot, 
sweet, or acidic substances elicit pain responses due to the activation of these channels. TRP channels, when activated, contribute to 
the release of inflammatory mediators and participate in the modulation of immune responses in periodontal tissues. They are involved 
in the regulation of inflammatory processes associated with periodontitis and other oral inflammatory conditions. Understanding TRP 
channel involvement may offer insights into the mechanisms underlying dental treatments and their effects on sensory perception and 
pain management in dental procedures. TRP channels represent potential targets for developing novel therapeutic interventions aimed 
at managing dental pain, dentin sensitivity, and inflammatory conditions in the oral cavity. Efforts to modulate these channels 
selectively might lead to improved treatments for oral health-related discomfort and diseases.

Continued research into the roles and mechanisms of TRP channels in dental physiology and pathology could pave the way for 
innovative diagnostic tools and targeted therapies to address various dental conditions, ultimately contributing to improved oral 
health care and patient comfort during dental procedures. Further research into TRP channels is poised to have substantial implica-
tions across diverse fields, ranging from fundamental biology to clinical therapeutics, offering potential solutions for various health 
conditions and improving our understanding of sensory perception and cellular signaling mechanisms.
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