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Abstract—Transient receptor potential (TRP) channels are polymodal, non-selective cation channels that translate thermal, mechanical, and 
chemical cues into intracellular signals, and they have emerged as key molecular transducers of dental pain arising predomina ntly from dentin 
hypersensitivity and pulpitis. This review aims to synthesize experimental, molecular, and clinical evidence on TRP channel c lassification, 

structure, and distribution across dental primary afferent neurons, odontoblasts, periodontal ligament cells, and temporomand ibular joint 
tissues, and to evaluate mechanisms of activation, sensitization, and therapeutic opportunities. Evidence from immunohistoche mistry, mRNA-
based profiling, single-cell RT-PCR, calcium imaging, patch-clamp electrophysiology, behavioral assays, and in vivo neurophysiology indicates 
that TRPV1, TRPA1, TRPM8, and TRPV4 (with additional roles proposed for TRPM3) mediate modality -specific responses to heat (>43°C), 

cooling (<25°C), noxious cold (<17°C), chemical irritants, and mechanical deformation, primarily via Ca2+ influx and enhanced  excitability. 
Odontoblasts function as sensory–secretory intermediaries: TRP activation elevates intracellular Ca2+ and triggers ATP release via pannexin -
1 hemichannels and glutamate release involving CaV1.2-dependent coupling, thereby engaging purinergic P2X and metabotropic glutamate 
receptors on adjacent afferents to amplify nociceptive transmission. Inflammation further potentiates pain by cytokine - and prostaglandin-

driven TRP sensitization and trafficking, while bacterial products can directly activate TRPA1; neuropeptide release supports  neurogenic 
inflammation and central sensitization within trigeminal pathways. Genetic polymorphisms in TRP genes may contribute to inter -individual 
pain phenotypes and inform precision analgesia. Therapeutic prospects include TRPV1 desensitization (capsaicin), TRPV1 antago nism (e.g., 
capsazepine) with nanogel-based localized delivery, TRPA1/TRPM8 antagonists, and natural modulators such as eugenol and cannabinoids, 

although ubiquitous TRP expression and thermoregulatory adverse effects complicate translation. Addressing mechanotransductio n 
uncertainties, expanding human-relevant models (including organ-on-chip), and integrating multi-omics are key to advancing targeted dental 
pain management. 
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I. INTRODUCTION  

1.1 Overview of TRP Channels in Sensory Physiology 

Transient Receptor Potential (TRP) channels comprise a 
large and diverse ion channel superfamily identified as critical 
components of sensory physiology. These channels serve as 
biological sensors for a wide range of physical and chemical 
stimuli, including temperature changes, mechanical forces, 

osmolality alterations, and chemical ligands. Mammals 
express 28 distinct TRP channel proteins categorized into 
seven major subfamilies based on amino acid sequence 
homology: TRPA (ankyrin), TRPC (canonical), TRPM 
(melastatin), TRPML (mucolipin), TRPN (no-mechano-

potential), TRPP (polycystin), and TRPV (vanilloid) [1]. 
Functionally, TRP channels operate as polymodal sensory 

receptors, meaning they respond to multiple types of stimuli. 

They play essential roles in various physiological processes, 
including thermosensation (the detection of hot and cold), 
mechanosensation (the detection of mechanical forces), 
chemosensation (detection of chemical stimuli), nociception 
(pain perception), and modulation of cellular homeostasis. For 
example, TRPV1, a member of the vanilloid subfamily, is 

well-known as a receptor for capsaicin, heat, and low pH, and 
is intimately involved in pain transduction cascades. Similarly, 

TRPA1 channels detect a variety of noxious chemical and 

mechanical stimuli and are expressed in sensory neurons 

capable of nociception [2]. 
Beyond their sensory functions, TRP channels participate 

in transducing environmental cues into intracellular signals by 
allowing the influx of cations, predominantly calcium (Ca²⁺), 
sodium (Na⁺), and magnesium (Mg²⁺), which are crucial for 
action potential generation and neuronal excitability. The 

unique crystal structures of TRP channels, combined with 
their surface localization on cells, underlie their rapid 
responsiveness and dynamic modulation, making them 
attractive drug targets for various diseases, particularly those 

involving pain and inflammation [3]. 

1.2 Significance of Dental Pain and TRP Channels Role 

Dental pain represents a significant clinical and public 
health issue that substantially impairs quality of life, 

productivity, and imposes considerable economic burdens 
globally. It arises from various etiologies, notably dentin 
hypersensitivity and pulpitis-associated pain, which are 
common complaints in dental practice. Dentin hypersensitivity 
manifests as a sharp pain triggered by exposure to thermal, 
chemical, or mechanical stimuli due to loss or disruption of 

protective enamel or cementum, while pulpitis-associated pain 
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emanates from inflammation within the dental pulp, often 

secondary to carious lesions or trauma [4]. 
At the molecular level, dental pain signals originate 

primarily from activation of specialized ion channels and 
receptors in dental primary afferent neurons (DPAs) and 
odontoblasts, which transduce peripheral environmental 
stimuli into electrical signals perceived as pain. Notably, TRP 
channels have emerged as principal molecular transducers in 

this process due to their polymodal sensitivity and localization 
within dental tissues. They contribute to the detection of 
noxious thermal stimuli, mechanical perturbations through 
fluid shifts within dentinal tubules, chemical irritants, and 

inflammatory mediators [5]. Such roles highlight the 
importance of TRP channels not only in acute nociception but 
also in pain sensitization processes that may prolong or 

amplify dental pain states. 
Moreover, dental nerves, particularly trigeminal 

nociceptors, innervate these tissues intensely and play a 
critical role in transmitting peripheral noxious stimuli 
centrally. They also interact with non-neuronal cells via 
neurotransmitters and neuropeptides that regulate the 

inflammatory environment, further influencing pain 

perception and tissue homeostasis [6]. Understanding TRP 
channels' function in these contexts provides insights into the 
pathophysiology of dental pain and opens avenues for targeted 
therapeutic interventions. 

1.3 Aim and Scope of Review 

This review aims to synthesize existing experimental, 

molecular, and clinical data concerning the involvement of 
TRP channels in dental pain from a comprehensive 
perspective. The focus is on the molecular classification of 
TRP channels, their distribution in dental tissues, mechanisms 
of activation by various stimuli, and their roles in 
physiological and pathological dental pain. By incorporating 

recent findings and expanding the reference base with 
additional studies, this manuscript intends to provide a robust 
and detailed analysis that informs both the scientific 
community and clinical practitioners. 

A key feature of this review is the inclusion of a graphical 
abstract designed to visually summarize the key cellular 

players, TRP channel subtypes, signaling mechanisms, and 
potential therapeutic targets in dental pain. This visualization 
aims to clarify the complex interplay between odontoblasts, 
dental primary afferent neurons, and inflammatory mediators 
in the context of TRP channel-mediated nociception. 
Furthermore, the review encompasses advances in 

pharmacological modulation of TRP channels, including 
emerging nanotechnological delivery systems, and evaluates 
ongoing challenges and prospects for clinical 

translation [7], [8]. The overall objectives encompass not only 
a detailed academic synthesis but also identification of critical 
research gaps and future directions. 

II. MOLECULAR STRUCTURE AND CLASSIFICATION OF TRP 

CHANNELS  

2.1 Subfamilies and Structural Features 

Transient receptor potential channels are non-selective 

cation channels that assemble predominantly as tetramers, 
forming a central ion-conducting pore. They share a conserved 
transmembrane architecture characterized by six membrane-
spanning helices (S1–S6), with a pore-forming loop between 
S5 and S6, similar to voltage-gated ion channels but display 

distinct gating and regulation mechanisms [1]. 
Based on sequence homology and functional 

characteristics, mammalian TRP channels are classified into 
seven subfamilies: TRPA (ankyrin), TRPC (canonical), TRPM 
(melastatin), TRPML (mucolipin), TRPN (no-mechano-
potential or NOMPC, though TRPN is absent in mammals), 

TRPP (polycystin), and TRPV (vanilloid) [1]. Each subfamily 
exhibits unique features regarding ion selectivity, gating 
stimuli, and regulatory interactions. 

Structurally, TRP channels possess specific domains 
contributing to their gating properties. For example, ankyrin 
repeats in TRPA1 influence channel activation by electrophilic 
compounds, while TRPV channels contain ankyrin repeats 
that facilitate temperature sensitivity and ligand binding. The 
direct binding between specific channel domains such as the 

Pre-S1 and TRP-like domains mediates gating and functional 
regulation by phosphatidylinositol-4,5-bisphosphate (PIP₂), a 
lipid modulator. Such intramolecular interactions have been 
elucidated in TRPP channels and extend to other TRP families 
like TRPM8 and TRPV1, indicating a shared mechanism 

regulating channel opening and desensitization [9]. 
Ion selectivity varies among TRP channels but generally 

favors divalent cations like Ca²⁺ and Mg²⁺, as well as 
monovalent cations Na⁺ and K⁺. This permeability allows 
them to function as key transducers converting diverse 
extracellular stimuli into intracellular calcium signals, thereby 
influencing neuronal excitability and downstream signaling 
cascades essential to the sensory experience, including 

pain [10]. 

2.2 Expression Patterns in Oral and Dental Tissues  

TRP channels are widely expressed across numerous oral 
tissues critical for sensory function and homeostasis. In dental 
contexts, major expression sites include odontoblasts—the 
specialized cells lining the dental pulp responsible for 
dentinogenesis; dental primary afferent neurons (DPAs) 

residing predominantly in the trigeminal ganglion innervating 
dental pulp and dentin; periodontal ligament cells; and 

chondrocytes of the temporomandibular joint (TMJ) [2] . 
Specifically, subtypes such as TRPV1, TRPV2, TRPV3, 

TRPV4, TRPA1, TRPM3, and TRPM8 have been detected in 
DPAs and associated oral structures, suggesting their 
involvement in detecting thermal, mechanical, and chemical 

stimuli relevant to dental pain. Immunohistochemical, mRNA 
expression, and functional studies confirm their presence in 
trigeminal neurons, where they contribute to sensory 

transduction of noxious and innocuous stimuli [11] . 
Within odontoblasts, evidence points to the expression of 

channels including TRPA1 and TRPV4, which modulate 
calcium influx and ATP release, integrating these cells into 

nociceptive circuits via paracrine signaling. Periodontal 
ligament cells, contributing to the structural integrity of teeth, 

https://answerthis.io/answer/07a8314b3393a879#chunk_e6d82f88acbdde927bb04ca5fb52ad057a8bdde0593f929629d34368501a0d06
https://answerthis.io/answer/07a8314b3393a879#chunk_1035ec09ef5861433c74eb33d6b0eafae13794980df31ee6fd902c1e7b954763
https://answerthis.io/answer/07a8314b3393a879#chunk_7e221233825203ef0db11e4ad22a394e63841e9247cb63ae12fc0f57d322a844
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also exhibit TRP channels that regulate mechanosensation and 

may participate in remodeling and pain signaling [12]. 
Furthermore, the TMJ chondrocytes express TRPs that 

mediate mechanical and inflammatory stimuli transduction, 
revealing TRP channels’ roles beyond classical sensory 
neurons and odontoblasts, encompassing broader oral tissue 

physiology and pain mechanisms [2]. 

2.3 Functional Genomics and Polymorphisms 

Genomic analyses have revealed polymorphisms in genes 

encoding TRP channels that influence individual variability in 
sensory sensitivity, including pain and taste perception. 
Notably, variations in the TRPV1 gene affect nociception 
thresholds and salt taste sensitivity, highlighting the 
polymodal functions of TRP channels across sensory 
modalities and the potential for personalized therapeutic 

strategies in pain management [13]. 
Further research suggests that genetic variability in TRP 

channels may underlie susceptibilities to chronic pain 
conditions, including dental pain and neuropathies, through 
alterations in channel function, expression, or regulation. 
These polymorphisms may inform precision medicine 
approaches that tailor treatment based on genetic profiles, 

although clinical implementation still requires extensive 

validation [14]. 
Understanding functional genomics of TRP channels also 

aids in elucidating mechanisms of pain hypersensitivity and 
resilience, providing a foundation for developing targeted 
modulators that accommodate patient-specific channelopathies 

[4]. 

III. EXPRESSION AND LOCALIZATION OF TRP CHANNELS IN 

DENTAL-RELATED CELLS  

3.1 Dental Primary Afferent Neurons (DPAs) 

Dental primary afferent neurons are the initial neural 
elements responsible for sensing stimuli within the dental pulp 
and transmitting pain signals centrally. Studies employing 
retrograde tracing combined with single-cell reverse 

transcription polymerase chain reaction (RT-PCR) and 
immunohistochemistry have revealed distinct subsets of DPAs 
expressing thermo-sensitive TRP channels, including TRPV1 
(heat-sensitive), TRPM8 (cold-sensitive), and TRPA1 

(noxious cold and chemical-sensitive) [11]. 
Functional assays using calcium imaging indicate that 

specific DPAs respond to stimuli corresponding to known 

activation thresholds of these channels—capsaicin activates 
TRPV1-positive neurons at temperatures exceeding 43°C, 
menthol stimulates TRPM8-expressing neurons at cooling 
below 25°C, and TRPA1 responds to noxious cold below 
17°C and to chemical agonists such as allyl isothiocyanate. 
Interestingly, individual neurons may express multiple TRPs, 

suggesting polymodal sensory capacities crucial to the 
complex nature of dental pain signals. 

The localization of TRP channels on DPAs is 
complemented by expression of TTX-resistant sodium 
channels (NaV1.8), indicative of nociceptive neuron 
specialization. These neurons participate in integrating 

mechanical, thermal, and chemical signals from dental tissues, 

signaling pain upon pathological activation or 

sensitization [3]. 

3.2 Odontoblasts: Sensory and Secretory Roles 

Odontoblasts, traditionally known for synthesizing dentin, 
have now been recognized as sensory cells contributing to 
pain transduction in dental tissues. Molecular profiling 
demonstrates that odontoblast-like cells express TRPA1, 

TRPV1, TRPV4, and TRPM8 channels. The activation of 
these channels stimulates an increase in intracellular calcium, 
leading to the release of ATP, which acts as a paracrine 

messenger to adjacent dental nerve fibers [12]. 
ATP release from odontoblasts via pannexin-1 

hemichannels, mediated by TRP channel activation, facilitates 
intercellular communication and the initiation of nociceptive 

signaling. This mechanism supports the view that odontoblasts 
function as mechanosensitive and chemosensitive cells 
detecting fluid movement and noxious stimuli within dentinal 

tubules, contributing directly to pain initiation [16]. 
Additionally, glutamate release by odontoblasts, regulated 

by the activation of calcium channels such as CaV1.2 and TRP 
channels, establishes further excitatory communication with 

pulp sensory neurons. This dual signaling involving ATP and 
glutamate suggests a complex transduction pathway in which 
odontoblasts serve as critical intermediaries between 

environmental stimuli and neuronal activation [17]. 

3.3 Periodontal Ligament Cells and Temporomandibular Joint 

(TMJ) 

Beyond the pulp, TRP channels expressed in periodontal 

ligament cells contribute to mechanosensation essential for 
maintaining tooth stability and alveolar bone remodeling. 
These channels detect mechanical stretch and osmotic 
changes, thereby regulating cellular responses that maintain 

periodontal tissue homeostasis [2]. 
In the temporomandibular joint, TRP channels present in 

chondrocytes contribute to mechanotransduction and 

inflammatory signaling. TRP-mediated detection of 
mechanical stress and inflammatory mediators in the TMJ is 
implicated in the pathophysiology of TMJ disorders, which 
often include chronic facial pain and dysfunction. The 
modulatory roles of TRPs in TMJ cartilage and joint tissues 
underscore their broader involvement in oral tissue physiology 

and pain beyond the dental pulp [5]. 
Recent reviews emphasize the interplay between TRP 

channels and neuroimmune factors in these tissues, further 
highlighting their role in sustaining neuroinflammation and 
peripheral sensitization relevant to temporomandibular 

disorders and associated pain syndromes [18]. 

IV. MOLECULAR AND CELLULAR MECHANISMS OF TRP 

CHANNEL-MEDIATED DENTAL PAIN  

4.1 Thermal and Mechanical Stimuli Transduction 
TRP channels are polymodal detectors of thermal and 

mechanical stimuli, pivotal to the transduction of dental pain. 
The well-characterized activation thresholds correspond to 
physiological and pathological conditions: TRPV1 is activated 

https://answerthis.io/answer/07a8314b3393a879#chunk_cc68be1af51e25c03f11e14d175776f5b0180f6cc51356b4cfc1402b804b677e
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by potentially harmful heat exceeding 43°C, TRPM8 senses 

innocuous cold below 25°C, and TRPA1 responds to 
potentially noxious cold below 17°C as well as chemical 

irritants [11]. 
These channels transduce stimuli into electrical signals by 

allowing cation influx, predominantly calcium, leading to 
neuronal depolarization. The classic hydrodynamic theory of 
dentin hypersensitivity posits that fluid movement within 

dentinal tubules, triggered by thermal or mechanical stimuli, 
activates mechanosensitive nociceptors resulting in pain. 
Recent evidence supports a complementary role for TRP 
channels, particularly TRPV4 and TRPM3, as candidate 
mechanotransducers that detect such fluid flow or tissue 
deformation. Their involvement refines the understanding of 

dental pain transduction by integrating molecular mechanisms 

into traditional theories [19]. 
Odontoblasts participate actively in this process by 

responding to mechanical and thermal stimuli through TRP 
channels, releasing signaling molecules such as ATP to 
activate adjacent dental afferents. This crosstalk between 
odontoblasts and neurons forms a cellular basis for the 

initiation and modulation of pain in response to environmental 

stimuli [4]. 

4.2 Inflammatory Sensitization of TRP Channels 

Inflammation of the dental pulp, as seen in pulpitis, 
involves a robust immune response that drives chronic pain 
through the sensitization of TRP channels. Inflammatory 
mediators, including cytokines and prostaglandins, induce 

post-translational modifications in TRP channels and promote 
their increased trafficking to nociceptive nerve terminals, 
thereby enhancing their sensitivity to thermal, chemical, and 

mechanical stimuli [4]. 
Furthermore, bacterial products, such as those derived 

from carious lesions, can directly engage TRPA1 channels on 
DPAs, amplifying nociceptive signaling independently of 

inflammatory mediators. This direct activation contributes to 

acute pain episodes characteristic of dental infections [5]. 
Neuropeptides such as substance P and calcitonin gene-

related peptide (CGRP), released in response to TRP channel 
activation, contribute to local vasodilation, plasma 
extravasation, and recruitment of immune cells, sustaining a 
pro-inflammatory and pro-nociceptive environment. This 

neuroimmune crosstalk enhances peripheral and central 
sensitization processes, precipitating persistent dental pain 

states [15]. 

4.3 Purinergic and Glutamatergic Signaling in Dental Pain  

ATP acts as a pivotal signaling molecule in the modulation 
of dental pain. Mechanical stimulation of odontoblasts 
activates their TRP channels, triggering the release of ATP 

through pannexin-1 channels. The extracellular ATP then 
binds to purinergic P2X receptors expressed on nearby dental 
primary afferents, resulting in neuronal depolarization and 

pain transduction [16]. 
The odontoblasts also mediate glutamate release, 

facilitated by activation of CaV1.2 calcium channels and TRP 
channels, contributing to excitatory neurotransmission to 

sensory neurons. This glutamatergic signaling occurs via 

metabotropic glutamate receptors (mGluRs) on afferent 

neurons, further amplifying nociceptive transmission [17]. 
This dual purinergic and glutamatergic communication 

forms a robust pathway for odontoblast-neuron crosstalk, 
linking mechanical and chemical stimuli to the generation of 
pain signals in dental tissues. It highlights the functional 
complexity of TRP channel-mediated nociception and 

identifies multiple molecular nodes as potential therapeutic 

targets [20]. 

V. ELECTROPHYSIOLOGICAL EVIDENCE AND FUNCTIONAL 

STUDIES  

5.1 Calcium Imaging and Patch Clamp Studies 

Calcium imaging in isolated DPAs and odontoblast-like 
cells has been invaluable in demonstrating the functional 

expression of TRP channels. Application of specific 
agonists—capsaicin for TRPV1, menthol for TRPM8, and 
icilin for TRPA1—elicits marked increases in intracellular 
calcium concentrations indicative of channel activation. Patch 
clamp electrophysiology further confirms the corresponding 
inward cationic currents in neurons responding to these 

stimuli, characterizing channel properties such as ion 

selectivity and gating kinetics [11]. 
Co-expression of TRP subtypes in individual neurons 

allows these cells to respond to multiple stimuli modalities, 
explaining the polymodal nature of dental sensory neurons and 
the variable pain experiences in patients. This overlap also 
suggests functional redundancy and potential complex 

interactions among channel subtypes in pain transduction 

pathways [3]. 

5.2 In Vivo Neurophysiological Studies 

In vivo studies employing broad-spectrum TRP channel 
blockers like lanthanum chloride (LaCl₃) demonstrate a direct 
reduction in nociceptive neuronal firing in response to noxious 
cold stimulation of the dental pulp in rodent models. 

Electrophysiological recordings from the primary 
somatosensory cortex reveal that LaCl₃ suppresses high-
frequency firing of nociceptive neurons and inhibits 
spontaneous neuronal activities, effects that are reversible 

upon washout, confirming specificity [21]. 
Behavioral studies corroborate these findings, showing 

diminished pain responses to noxious stimuli upon 

pharmacological TRP channel blockade. These data provide 
functional evidence linking TRP channels mechanistically to 
dental pain generation and offer proof-of-concept support for 

TRP channel-targeted therapeutics [22]. 

5.3 Role in Central Sensitization and Neuroplasticity  

TRP channel activation promotes neurotransmitter release 
at central synapses within the trigeminal nucleus caudalis 

(TNC), where second-order neurons process orofacial 
nociceptive inputs. These central interactions facilitate 
neuroplastic changes such as wind-up and long-term 
potentiation (LTP), mechanisms underpinning central 
sensitization that contribute to chronic pain states, including 

https://answerthis.io/answer/07a8314b3393a879#chunk_6117068bfb228f08cb21ac0b5ee8353c04e6edb8141b892f4de95fed3e17b12f
https://answerthis.io/answer/07a8314b3393a879#chunk_9e650d3c06bfa84cbaef2a5dc50188b24be983884df745f456c3e84e8643c346
https://answerthis.io/answer/07a8314b3393a879#chunk_9a0648789f6c9e052afef5f9687207e707ee25a870809d24ff4a12d807d3f8ee
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those associated with temporomandibular disorders 

(TMDs) [18]. 
Animal models of migraine and TMD emphasize the role 

of TRPA1 and other TRP channels in mediating hyperalgesia 
and allodynia through upregulation of nociceptive 
neuropeptides and sensitization of central neurons. 
Pharmacological modulation of these channels attenuates 
central sensitization phenomena, suggesting a therapeutic 

avenue for managing persistent dental and orofacial pain [23]. 

VI. PHARMACOLOGICAL MODULATION OF TRP CHANNELS 

IN DENTAL PAIN  

 
Figure 1: Graphical abstract of TRP Channel-Mediated Dental Pain Pathway: 

Cellular and Molecular Mechanisms in Tooth Sensitivity [4], [12], [16], [11] 

6.1 TRPV1 Agonists and Antagonists 

Capsaicin, a natural agonist of TRPV1, has been utilized 
therapeutically to induce desensitization of nociceptive fibers, 

thereby reducing neuropathic pain. High-dose capsaicin 
patches are in clinical use for neuropathic conditions and show 
promise in dental pain scenarios, particularly in pulpitis -

induced neuropathic changes [7]. 
Advances in drug delivery include the development of 

nanogel systems encapsulating TRPV1 antagonists such as 
capsazepine, facilitating localized and sustained release within 

dental tissues. These systems demonstrate effective channel 
modulation with minimal cytotoxicity in odontoblast-like 
cells, reducing potential systemic side effects and improving 

clinical feasibility [8]. 
The clinical advancement of TRPV1 antagonists faces 

challenges such as adverse thermoregulatory side effects, 
necessitating precise targeting in the oral cavity. Nonetheless, 

capsaicin and capsazepine-based therapies represent promising 
adjuncts or alternatives to conventional analgesics in 

managing dental pain [24]. 

6.2 TRPA1 and TRPM8 Targeting Drugs 

TRPA1 antagonists are emerging as potent modulators of 

inflammatory and neuropathic pain pathways. Preclinical 
studies reveal their ability to reduce neurogenic inflammation 
and hyperalgesia in models related to migraine and 
temporomandibular disorders. TRPM8 channel modulators are 
also under investigation, aiming to alleviate cold 

hypersensitivity associated with dental pain states [22]. 
While several small-molecule antagonists have entered 

early-phase clinical trials, translation to approved therapies 
remains challenged by issues of efficacy and adverse effects. 
Nonetheless, the therapeutic potential of targeting TRPA1 and 
TRPM8 channels in dental pain conditions remains high given 

their crucial sensory roles and accessibility [25]. 

6.3 Plant-Derived Compounds and Cannabinoids 

Natural compounds such as capsaicin and eugenol exhibit 

modulatory effects on TRP and purinergic channels relevant to 
dental pain. Capsaicin activates and subsequently desensitizes 
TRPV1 receptors, reducing nociceptor excitability, a 

mechanism leveraged therapeutically [23]. Eugenol, 
extensively used in dentistry, inhibits ATP-induced P2X 
receptor currents and voltage-gated ion channels in trigeminal 

neurons, contributing to its analgesic efficacy [26]. 
Cannabinoid ligands interact with multiple TRP channel 

subtypes (TRPV1, TRPA1, TRPM8), modulating their activity 
and providing analgesic and anti-inflammatory effects. 
Endocannabinoids such as anandamide and synthetic 
cannabinoids modulate TRP channel function, bridging the 
gap between cannabinoid receptor signaling and TRP-
mediated pain pathways, highlighting a complex analgesic 

interplay [27]. 
These natural products and endocannabinoid interactions 

support the development of integrative strategies combining 
traditional and modern pharmacotherapies for dental pain. 

VII. CLINICAL APPLICATIONS AND THERAPEUTIC 

STRATEGIES  

7.1 Current Practices in Dental Pain Management 

Traditional management of dental pain primarily involves 
pharmacological agents like non-steroidal anti-inflammatory 
drugs (NSAIDs) and opioids, often complemented by 
restorative procedures such as caries removal. However, these 
approaches are sometimes insufficient, have notable side 
effects, or lack specificity for the underlying molecular pain 

mechanisms [28]. 
TRP channel-targeted treatments offer alternative or 

adjunct therapies. For example, warming local anesthetics 
prior to injection reduces pain perception, potentially through 
the modulation of TRPV1 nociceptor activity, illustrating the 
clinical relevance of understanding TRP function in pain 

control [29]. 
Emerging pharmacological agents focusing on TRP 

channels provide opportunities for more effective and targeted 
dental pain relief, emphasizing the ongoing evolution of dental 
pain management beyond symptom control towards molecular 
precision. 

7.2 Emerging Drug Delivery Systems 
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Nanotechnology-based delivery such as gelatin nanogels 

encapsulating TRPV1 antagonists enable localized, sustained 
release directly within dental tissues, minimizing systemic 
exposure and associated adverse effects. Such systems have 
demonstrated promising stability, efficacy, and low 
cytotoxicity in preclinical odontoblast models, supporting their 

potential in dental analgesia [8]. 
Similarly, advances in biomaterials and regenerative 

medicine incorporate TRP channel modulation to support 
tissue repair and reduce pain during pulp regeneration. These 
integrative approaches merge pain control with functional 
restoration, signaling a paradigm shift in clinical dental 

therapies [24]. 

7.3 Potential for Personalized Medicine 

Genetic variability in TRP channel genes influences 

individual pain thresholds and therapeutic responses, 
underscoring the need for personalized approaches. 
Incorporating genomic data into clinical practice could 
optimize analgesic regimens, enhance efficacy, and minimize 
adverse effects in dental patients. Biomarker development and 
patient stratification based on TRP channel polymorphisms 

remain areas for future clinical research [13]. 
Precision medicine approaches leveraging knowledge of 

TRP channel physiology may lead to individualized pain 
management protocols, especially for chronic or refractory 

dental pain cases [14]. 

VIII. RESEARCH GAPS AND FUTURE DIRECTIONS  

9.1 Gaps in Understanding TRP Channel Physiology in 

Dental Pain 

Despite significant advances, critical gaps persist in the 
comprehensive understanding of TRP channels in dental pain. 
The exact roles and mechanisms of mechanotransduction, 
especially concerning channels like TRPV4 and TRPM3, 
remain incompletely defined, with conflicting evidence 

regarding their contributions [11]. 
A majority of functional data originate from animal 

models, necessitating translation into human dental tissues to 
confirm physiological relevance. The roles of less studied TRP 
subfamilies such as TRPC, TRPML, and TRPP in oral tissues 
are poorly characterized, representing an opportunity for 

discovery with potential clinical implications [30]. 

9.2 Challenges in Clinical Translation 

Clinical trials targeting TRP channels face hurdles related 

to side effects such as impaired thermoregulation and 
inadequate efficacy, limiting progression to approved dental 
therapeutics. The ubiquitous nature of TRP channels demands 
precise tissue targeting and selective subtype modulation to 

avoid systemic adverse effects [24]. 
Developing effective delivery modalities overcoming 

biological barriers and off-target effects remains a major 

challenge, necessitating continued interdisciplinary research 
integrating pharmacology, materials science, and molecular 

biology [7]. 

9.3 Emerging Technologies and Methodologies 

Innovations in human-based preclinical models, including 

organ-on-chip systems mimicking dental microenvironments, 
promise enhanced translatability of TRP channel studies. 
Advanced imaging and electrophysiological techniques 
enhance the resolution and functional assessment of TRP 

channels in situ [2]. 
Integration of multi-omics approaches, combining 

genomics, proteomics, and metabolomics, will facilitate 

personalized medicine and biomarker identification, 
optimizing therapeutic targeting of TRP channels in dental 

pain [1], [30]. 

IX. CONCLUSION  

10.1 Summary of TRP Channels’ Roles in Dental Pain  

Transient receptor potential channels play indispensable 
roles in transducing thermal, mechanical, and inflammatory 

stimuli into neuronal signals within dental tissues. Their 
expression in odontoblasts, dental primary afferent neurons, 
periodontal ligaments, and associated oral structures underpins 
dental nociception. The coordinated activation and 
sensitization of these channels orchestrate complex pain 
experiences characteristic of dental pathologies. 

10.2 Potential of TRP-Targeted Therapeutics 

Therapeutic targeting of TRP channels holds considerable 
promise to advance dental pain management, offering 
specificity and improved efficacy with potentially fewer side 
effects compared to conventional analgesics. Novel delivery 
systems and understanding genetic variability are critical for 

success. 

10.3 Final Remarks and Outlook 

Continued multidisciplinary research integrating 
molecular, cellular, neurophysiological, and clinical 
perspectives is essential to surmount existing challenges and 
develop effective, targeted interventions. The graphical 

abstract provides a concise educational tool to facilitate 
understanding of TRP channel-mediated dental pain 
mechanisms. 

Future clinical trials and integrative treatment approaches 
informed by this growing body of knowledge are anticipated 

to transform dental pain therapy significantly [4], [8], [7]. 

LIST OF ABBREVIATIONS 

Abbreviation Full Form 

TRP Transient Receptor Potential 

TRPV1 Transient Receptor Potential Vanilloid 1 

TRPA1 Transient Receptor Potential Ankyrin 1 

TRPM8 Transient Receptor Potential Melastatin 8 

TRPV4 Transient Receptor Potential Vanilloid 4 

DPAs Dental Primary Afferent Neurons 

TMJ Temporomandibular Joint 

ATP Adenosine Triphosphate 

CGRP Calcitonin Gene-Related Peptide 

PIP₂ Phosphatidylinositol 4,5-Bisphosphate 

Ca²⁺ Calcium Ion 

Na⁺ Sodium Ion 

Mg²⁺ Magnesium Ion 

NSAIDs Non-Steroidal Anti-Inflammatory Drugs 

P2X Purinergic Receptor 
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(Ligand-Gated Ion Channel) 

mGluRs Metabotropic  

Glutamate Receptors 

RT-PCR Reverse  

Transcription Polymerase 

 Chain Reaction 

LaCl₃ Lanthanum Chloride 

TTX Tetrodotoxin 

NaV1.8 Voltage-Gated Sodium  

Channel Type 1.8 

CaV1.2 Voltage-Gated  

Calcium Channel Type 1.2 
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