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Abstract: Pain is a very important problem of our existence, and the attempt to understand it is
one the oldest challenges in the history of medicine. In this review, we summarize what has been
known about pain, its pathophysiology, and neuronal transmission. We focus on orofacial pain and
its classification and features, knowing that is sometimes purely subjective and not well defined. We
consider the physiology of orofacial pain, evaluating the findings on the main neurotransmitters; in
particular, we describe the roles of glutamate as approximately 30–80% of total peripheric neurons
associated with the trigeminal ganglia are glutamatergic. Moreover, we describe the important
role of oxidative stress and its association with inflammation in the etiogenesis and modulation
of pain in orofacial regions. We also explore the warning and protective function of orofacial pain
and the possible action of antioxidant molecules, such as melatonin, and the potential influence of
nutrition and diet on its pathophysiology. Hopefully, this will provide a solid background for future
studies that would allow better treatment of noxious stimuli and for opening new avenues in the
management of pain.
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1. Definition of Pain

“Halfway between the world of emotions and the realm of sensations, the history of
pain, refers back to history of experience” [1,2].

Pain is a very important problem of our existence, and the attempt to understand it is
one the oldest challenges in the history of medicine [2–6]

With time, the understanding of the origin of pain has improved; now it is known
that its origin can be physical and psychosocial, but its persistence might be due to life
circumstances, gender, and related factors [2,7].

In 1976–1977, the International Association for the Study of Pain (IASP) asked a diverse
group of scientists (including experts in neurology, neurophysiology, dentistry, and so on)
to define “what is pain”. Today, their definition is the most cited in the field of pain. The
scientists defined pain as “an unpleasant sensory and emotional experience associated with
actual or potential tissue damage or described in terms of such damage”. This revised
definition was unanimously accepted by the IASP Council in 2020. The IASP’s definition
seems to divide emotional and physiological pain, but as reported by Bourke (2013), there
is no truth in this division [5]. Emotional and psychological pain are both valid “pains”,
although only emotional pain is described as “painful”. In agreement with Descartes, the
definition of pain divided between mind and body is alive and well and is used by more
and more scientific researchers and many pharmaceutical industries [5].
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The misunderstanding of pain leads to misdiagnosis and some very important prob-
lems in many fields and in clinical orthodontic diseases [8]. It is important to remember
that where there is pain, there is a sense of urgency; “wait and see” is not an option that
the patient willingly accepts, but there is a need to solve the problem. Dentists must be
aware of a multitude of conditions that cause the symptom of pain and how patients may
experience and express pain differently. It is particularly important for endodontists to
recognize when pain has an endodontic origin and to distinguish it from pain resulting
from other orofacial conditions. This is because the latter cannot be successfully managed
with endodontic procedures.

In 2020, the International Classification of Orofacial Pain (ICOP) introduced a classifi-
cation of orofacial pain (OFP) to provide a correct nomenclature for healthcare providers
and researchers [9]. Many scientists from several fields collaborated on reaching this goal,
and this classification is now widely accepted and used by clinicians and researchers [9].
This classification covers seven main categories, including dentoalveolar and anatomically
related tissues, muscle pain, temporomandibular joint (TMJ) pain, and neuropathic and
idiopathic pain (Table 1).

Table 1. Orofacial pain classification. Adapted with permission from Pigg et al., 2021 [9] (This is an
open access article distributed under the term of the Creative Commons CC-BY license).

Main Category Explanation

Orofacial pain attributed to disorders of
dentoalveolar and anatomically

related structures

Pain caused by disease, injury, or abnormal functioning of the tooth pulp,
periodontium, gingiva(e), oral mucosa, salivary glands, or jawbone tissue or pain
arising from normal functioning of the tooth pulp signaling risk of tooth damage

Myofascial orofacial pain Pain localized to the masticatory muscles, with or without functional impairment

Temporomandibular joint (TMJ) pain Pain localized to the TMJ, occurring at rest or during jaw movement or palpation

Orofacial pain attributed to lesion or disease
of the cranial nerves

Pain localized in the distribution area of 1 of the sensory cranial nerves (i.e., the
trigeminal and glossopharyngeal nerve) with a history of trauma or disease

known to cause nerve injury

Orofacial pains resembling presentations of
primary headaches

Pain in the orofacial area, resembling 1 of the primary headache types in pain
character, duration, and intensity with or without concomitant headache

Idiopathic orofacial pain Unilateral or bilateral intraoral or facial pain in the distribution(s) of 1 or more
branches of the trigeminal nerve(s) for which the etiology is unknown

Psychosocial assessment of patients with
orofacial pain Not applicable

This classification considers two different pains: primary pain that is not related to
other diseases and secondary pain identified by other disorders such as inflammation,
structural changes in the tissues, muscle spasms, or injury. Furthermore, the ICOP identified
subcategories, which are reported in Scheme 1.

After this subdivision, the classification of OFP better explained the categories of pain
linked to dentoalveolar and other anatomical structures (Scheme 2).

Endodontists have an important challenge in the application of the ICOP categories;
they must identify and correctly manage endodontic pain [9]. When the endodontic
origin has been confirmed, the specialists must prepare the treatment and monitor the
outcome. If the pain does not have an endodontic origin, the diagnosis requires an interplay
with patients and other colleagues. Scheme 3 indicates the proposed use of the ICOP in
endodontic special care.
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In conclusion, it is important to discuss improving and setting several strategies in
relation to different pains; the International Classification of Orofacial Pain (IOCP) stresses
this evidence since the current levels of scientific support for endodontic diagnoses are
very low and not well defined [9]. One of these important concepts that can be used for the
quality of life of patients is due to functional and psychosocial changes in diet and thereby
nutrition [10].

The present review is an attempt to deepen the knowledge around pain from an
anatomical and pathophysiological point of view. We focused on OFP, also considering the
correlation among OFP, oxidative stress, and nutrition/diet to open new avenues in the
management of noxious stimuli in orofacial regions and beyond.

2. The Pathophysiological Process of Pain

Normally, pain is felt when signals originating in thinly myelinated and/or unmyeli-
nated nociceptive afferents reach a conscious brain; its purpose is to protect the human
body from dangerous situations by associating them with unpleasant sensations.

For a long time, three types of pain have been mechanistically known; they are
nociceptive, inflammatory, and neuropathic pain. Nociceptive pain is the baseline defense
mechanism that protects the human body from potential harm and is the physiological
activation of neural pathways by several and different stimuli that are potentially damaging;
inflammatory pain and neuropathic pain are characterized by the altered or aberrant
function of the anatomical structures in the CNS [11,12].

Nowadays, many types of pain exist with several biological functions, and for this
reason, other terms can also be useful to identify more specific situations in which people
can feel pain.

The main terms used to talk about pain are:

1. Pain: it’s an unpleasant sensory and emotional experience associated with actual or
potential tissue damage or described in terms of such damage, which is an individual,
subjective experience [13].
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2. Allodynia: it’s a type of pain that is due to a stimulus which does not normally
provoke pain: neurop-athy, inflammation, and certain headache states (embedded in
the context of hyperesthesia) [13–15].

3. Hyperalgesia: it’s a condition in which it is possible to identify an increased response
to a stimulus which is normally painful: the stimulus and response modes are basically
the same (embedded in the context of hyperesthesia) [13–15].

4. Hyperpathia: it’s a term that indicates a painful syndrome characterized by an abnor-
mally painful reaction to a stimulus, especially a repetitive stimulus, as well as an
increased threshold. This is a typical form of neuropathic pain [13].

5. Hypoalgesia: it’s a condition in which it is possible to recognize less pain in response to
a normally painful stimulus. This is typical of neural damage; stimulus and response
modes are the same but with a lowered response [13,16].

6. Analgesia: it’s a condition characterized by an absence of pain in response to stimula-
tion which would normally be painful. This is observed after complete axotomy or
nerve block. Not unpleasant [13].

7. Hyperpathia: it’s a term that indicates a painful syndrome characterized by an abnor-
mally painful reaction to a stimulus, especially a repetitive stimulus, as well as an
increased threshold. This may occur with allodynia, hyperesthesia, hyperalgesia, or
dysesthesia, typical of neuropathic pain syndromes [13,17].

8. Paresthesia: it’s a condition in which it is possible to identify an abnormal sensation,
whether spontaneous or evoked. This is typical of neuropathic pain syndromes [13].

Hypersensibility is a feeling associated with injuries, burns, and infections that cause
ongoing pain and tenderness [13]; this is, generally, an inflammatory pain.

Pain in response to a normally painless stimulus is defined as allodynia, representing an
accompanying feature of several pain syndromes. On the contrary, the feeling of excessive
pain in response to a stimulus expected to be painful is also defined as hyperalgesia [14–18].
Allodynia and hyperalgesia are considered the most common forms of hyperesthesia, a cuta-
neous sensitivity increase [15].

Classically, the allodynia and hyperalgesia caused by everyday injuries have been
explained by a putative increase in the responsiveness of nociceptor endings (peripheral sen-
sitization) resulting from chemical inflammatory mediators released in the injured tissue.

Over time, as outlined above, the view around the feeling of pain has changed, and it
has been given increasing importance. Pain is a physiological homeostatic mechanism for
preserving health and avoiding morbidity [19].

3. The Transmission of Pain

Pain is a multidimensional emotional experience; it has two main components: sen-
sations and emotions. Due to its complexity and the problems in the research methods,
most studies reported transmission only in cortical regions and lacked evidence of the
neural pathway mechanisms that underlie the changes in pain perceptions, emotions, and
learning [13,20]. New experimental tools and techniques have been used to identify many
neuronal pathways linked to sensations and emotions.

3.1. The Anatomy of Pain and Related Neuronal Transmission

Nociceptors, responsible for identifying tissue injuries, are stimulated by three types
of noxious stimuli: mechanical, thermal, and chemical. Chemical stimuli, such as serotonin
(5-HT), histamine, potassium ions, acids, and acetylcholine bind to the receptors, inducing
changes in membrane permeability, whereas mechanical stimuli act on receptor permeabil-
ity to ions. Other chemical stimuli, like prostaglandins and substance P (SP), do not activate
pain receptors but indirectly induce changes in the membrane permeability [21–23].

Pain receptors are not encapsulated free nerve endings; they are linked to pseudo-
unipolar neurons (T-neurons) with cell bodies, for example, in the dorsal root ganglia
(DRGs). It is known that DRGs show several cell types for different noxious stimuli, but
these neurons can express the same proteins following the threshold and signal quality in a
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different way [24]. Furthermore, it was suggested that the sensations reach the CNS using
a preferred type of neuron or due to the integrative activity of different neuronal classes. In
2019, the existence of DRG neuron subtypes was demonstrated, showing relevant genes
with different functions such as voltage-gated potassium channels; these findings opened
new scientific fields for studying the intrinsic physiological properties of DRG neuron
subtypes [25]. Recently, the transcriptomic classes of human DRG neurons have been
identified; of note, several types of human DRGs have similar transcriptomic features to
DRGs in mice, but several transcriptomic classes showed different genes with no clear
equivalent in other species, including humans [26]. Gross similarity between species is
seen, for example, between neurofilaments and myelinated and unmyelinated fibers, but
there are many genes that show specialization in each species [26]. Shiers and colleagues
showed a quantitative difference in TRPV1 expression between humans and mice, even
though it plays fundamental roles in physiological and pathological processes in most
species [27]. Therefore, it is necessary to confirm the expression levels of the specific genes
using complementary approaches to link the DRG classes to their neuronal functions [26].

Sensory nerve fibers are classified according to their conduction velocity and the
stimuli that activate them, and they include small-diameter and medium- to large-diameter
myelinated afferent fibers, as well as small-diameter unmyelinated afferent fibers [28].
Respectively, fibers Aδ are myelinated fibers with a diameter of 1–5 µm, a conduction
speed of 2–20 m/s and they mainly respond to a mechanothermal and tactile stimulus
from skin. Fibers C are unmyelinated fibers with a diameter of 0.02–1.5 µm, a conduction
speed <2 m/s and they mainly respond to a polymodal stimulus carrying the transmission
of nociceptive/tactile sensation. In the end, fibers Aβ are myelinated fibers with a diameter
of 6–12 µm, a conduction speed of >2 m/s and they mainly respond to a tactile and pressure
stimulus from skin.

Another consideration to be made concerns the modulation of the pain stimulus.
This is an endogenous process that is thought to provide survival advantages. The studies
mentioned here are quite recent, but they are important in defining how transmission occurs,
confirming what was said earlier. Namely, they confirm that in the face of similar damage,
the message that reaches the cortical level is not necessarily similar. What investigations
have led us to understand is that an endogenous mechanism exists, and it can dissociate
and modulate (enhancing or diminishing) the transmission of pain depending on the
external conditions. There are several modalities available to our organism, not just one,
and they include segmental inhibition, the endogenous opioid system, and the descending
inhibitory system in the CNS, for example [26].

Moreover, in this case, because nociceptors can release peptides and neurotransmitters,
such as SP, calcitonin-gene-related peptide, and ATP, from their peripheral terminals, they
are able to activate bidirectional communication, facilitating the production of the inflam-
matory soup and giving rise to a situation known as neurogenic inflammation [28–30].

Considerable progress has been made toward understanding the neurological un-
derpinnings of memory, learning, and long-standing pain, thereby permitting greater
insight into common anatomical systems and neurochemical substrates. For example, the
N-methyl-D-aspartate (NMDA) receptors play an important role in synaptic plasticity.
During pain, these receptors are implicated in central and peripheral sensitization and in
visceral pain [31]. NMDA receptor activation is involved not only in learning and memory
but also in pathological conditions such as chronic/persistent pain [32]. Much evidence
showed that structural changes at postsynaptic sites are linked to the creation of memories
after learning [33], but at the same time, the reorganization of synapses, cells, and circuits
at the brain level could intervene in the maintenance of chronic pain involving several
neurotransmitter factors [34–39].

3.2. The Neurochemistry of Nociception

Our sensory system works by converting environmental stimuli into electrochemical
signals, generating an action potential. This concept is true for all sensory systems, and
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nociception is particularly interesting. In this case, the stimulus that the body perceives
as painful can have a different origin and nature [28], and for this reason, an individual
primary sensory neuron in the “pain pathway” can be considered “special” if compared
with other receptors. In fact, it can detect a wide range of stimuli. This means that the
whole signal transduction system is special: on one side, different chemical or physical
stimuli can activate a single receptor at the same time, leading to a response from the cells;
on the other side, each nociceptor has the capability to modulate the signal it has picked up.

Moreover, once the signals are transduced by the primary afferent terminals, the
receptor potential activates several voltage-gated ion channels critical to the generation
of action potentials that convey nociceptor signals to synapses in the dorsal horn (DH) of
the spinal cord [30]. The external pain stimulus and then the electrical potential result in a
synapse that, in most cases, is a chemical synapse involving the release of neurotransmitters.

Glutamate (Glu) is the predominant excitatory neurotransmitter in all nociceptors; this
means that synapses with a second-order neuron can be activated by the acute release of Glu.
Glu will then be recognized by specific postsynaptic receptors, such as the alpha-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor, projecting to supraspinal
sites through crossed ventrolateral tracts. Moreover, Glu uses two principal types of
receptors: ionotropic and metabotropic Glu receptors; ionotropic Glu receptors have an
ion channel that is directly activated upon glutamate binding, whereas metabotropic Glu
receptors activate ion channels via coupling to G-protein signaling systems [40,41].

Many studies suggested that the inhibition of the fast excitatory effects of Glu is
mediated by several substances [42], and the genetic depletion of some Glu receptors
completely abolished the transmission [43].

4. Acute Pain, Chronic Pain, and Their Anatomical Localization

Several characteristics can be considered to classify pain. First and foremost are its
duration and its location.

The duration is the characteristic that allows a very linear distinction between two
different forms of pain. There is acute pain, which implies a sudden onset but also requires
a rapid resolution, and chronic, persistent pain, which does not resolve in the short term.

Generally, acute pain is considered a natural and useful sensation that warns the
individual of possible injury and leads to behaviors that avoid further injury [29]. Chronic
pain, on the contrary, can be defined as a painful feeling that lasts more than 3 months and
may have some element of central sensitization.

In chronic pain, cognitive and emotional factors have a critical influence on pain
perception [29]. In these cases, it is not always possible to find a one-size-fits-all solution,
because the root cause of chronic pain is not easy to identify. For this reason, its management
is mainly focused on promoting rehabilitation and maximizing quality of life rather than
achieving healing [44,45].

The categorization of pain, in fact, basically stems from patients’ reports: for them,
it is easier to recognize pain by identifying which part of the body hurts. In this regard,
a first distinction recognizes the damaged tissue and the cause of pain. Considering this
distinction, two types of pain can be recognized: somatic (subdivided into the superficial
somatic structures, the musculoskeletal structures, the structures of the supply system, and
the special sensory organs) and neurogenic (derived from the nervous structures such as the
brain and brainstem, the spinal cord, the peripheral nervous system, and the autonomic
nervous system) [46]. Overall, neuropathic pain is, as mentioned above, a form of pain
associated with alteration/damage/irritation/stress of the nerve components, both central
and peripheral. Moreover, in most cases, neuropathic pain becomes chronic pain, and
this leads to other “extra” and “external” clinical signs and symptoms, such as extreme
allodynia, tissue erythema, temperature and trophic changes, and swelling, affecting the
patient’s social life and therefore the patient’s quality of life [46].

The second feature that we can consider in order to classify the pain is its localization.
The site of pain allows a classification to be outlined, and it is possible to recognize (a) head



Int. J. Mol. Sci. 2023, 24, 13128 8 of 28

and face pain (indicated as OFP), (b) thoracic pain, (c) abdominal pain, and (d) extremity
pain. In general, the definition of the localization of the pain is one of the easier steps that
the patient can deal with. Moreover, it is useful to consider that there are parts of our body
that are more “exposed” to pain because of the complexity of the structures that lie in these
districts. This is the case of OFP, as we discussed previously and as we better explain in the
next paragraphs [46].

5. Anatomical and Physiological Pathway of Orofacial Pain

It is important to remember that the trigeminal nerve V (CN V) is responsible for
pain in the orofacial region, which is composed of the oral cavity (teeth, gingiva, and oral
mucosa), face, jaw bone, and TMJ [47]. The physiological pathway of OFP includes primary
afferent neurons, pathological modification of the trigeminal ganglia, nociception of the
brainstem neurons, and transmission to the brain [48].

The OFP pathway is shown in Figure 1. In detail, OFP arrives from the trigeminal
nerve to the trigeminal ganglia; the trigeminal ganglia are similar to the DH of the spinal
cord [19], and then the pain signal reaches the second-order neurons inside the brainstem.
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Figure 1. Scheme of orofacial pain. Most of the primary sensory neurons are pseudo-unipolar
(T-neurons); the caudal trigeminal nucleus shows cell bodies of afferent nociceptive neu-
rons. CN V: cranial nerve 5; TNC: trigeminal nucleus caudalis. Adapted from
Rotpenpian and Yakkaphan, 2021 [48] (This is an open access article distributed under the term
of the Creative Commons Attribution 4.0 International license).

There are three trigeminal nuclei in the brainstem that project the inputs to the ven-
tral posterior medial (VPM) thalamic nucleus and medial thalamic nuclei (e.g., medial
dorsal nuclei); finally, the sensations reach the brain [49–52]. The first spinal nucleus of
the trigeminal nerve is the pars oralis, and the second is the pars interpolaris; both are
responsible for a tactile sensation in the orofacial area. The third nucleus of the trigeminal
nerve is the pars caudalis or trigeminal nucleus caudalis (TNC) and transports the pain in
the involved area [53,54]. Among different cortical regions in which the noxious stimuli
arrive, five major areas are responsible for pain perception: the primary and secondary
somatosensory cortices (respectively S1 and S2), ACC, IS, and prefrontal cortex (PFC). The
ACC is an important area that is activated by different noxious or painful stimuli [55]. In
addition to the ACC, the insular cortex is normally activated by different stimuli, including
the unpleasantness of pain [56,57].

5.1. Classification of Orofacial Pain

The classification of OFP is divided into acute and chronic pain for any type of noxious
stimuli and, by causes, it is classified into nociceptive, inflammatory, and neuropathic pain
as reported above [58] (Figure 2).
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The nociceptive stimuli arrive at the CNS, leading to pain response as a withdrawal
reflex and as a vital physiological sensation [48,59]. Inflammatory pain is due to damaged
tissues; once a tissue is injured, the mediators of inflammation are released and activate
pain perception [48,60]. Neuropathic pain is due to alterations in the peripheral nervous
system or CNS [61]. Table 2 describes the main differences between acute and chronic
orofacial pain in terms of duration, causes, symptoms, and more.

Table 2. Differences between acute and chronic pain [48,59–64]. Adapted from Rotpenpian and
Yakkaphan, 2021 [48] (This is an open access article distributed under the term of the Creative
Commons Attribution 4.0 International license).

Characteristics Acute Orofacial Pain Chronic Orofacial Pain

Duration Onset
Sustained, persistent >3 months in humans (in OFP,
pain persistent >15 days per month and lasting for

>4 h daily for at least 3 months)

Cause Caused by inflammation or injury of
tissue

Caused by inflammation, nerve damage, and
excessive or uncontrolled inflammation

Cause is no longer present or
has healed

No pain when normal healing occurs, or
pain is only temporary (pain disappears

once stimulus is removed)
Persistent pain and excessive, uncontrolled causes

Signs and symptoms Sudden, sharp, intense, localized Aching, diffused

Physiologic response

Acute pain affects increased
cardiovascular functions such as

increased blood pressure and heart rate
via sympathetic response

Chronic pain affects physiological responses with
adaptation behaviors or psychological responses

such as depression and anxiety

Examples in the orofacial area Dental pain: pulpitis Neuropathic pain: trigeminal neuralgia, peripherical
trigeminal nerve injury, postherpetic neuralgia

Mucogingival pain Chronic inflammatory pain: chronic pulpitis and
apical lesions, temporomandibular disorder pain

Neurovascular pain: migraines, tension-type
headaches

Many studies suggested that peripheral nerve injury induces sprouting of myelinated
Aβ primary afferent fibers determining the development of pain, but other results unequiv-
ocally demonstrated that this is not the case [65–67]. Although the sprouting of Aβ afferent
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fibers is present, it is very limited. It is the phenotypic change of unmyelinated C-fiber
primary afferents that is responsible for the development of the sensory disturbance [67–69].

Moreover, Rotpenpian and Yakkaphan (2021) [48] indicated that there is another pain
classification name called nociplastic pain. This is a not well-defined pain; this means that it
is unclassified pain such as a persistent idiopathic dentoalveolar stimulus with a persistent
tooth and alveolar bone pain, without clinical or radiological detectable examination [70].
However, the physiopathology of nociplastic pain is still not known, and other studies are
needed to better specify this type of classification [48].

Last but not least, there is another point is of fundamental relevance when considering
OFP: comorbidities that could be associated with patients’ paraoral habits. These can
include bruxism (clenching and grinding the teeth), biting of oral soft tissues (cheek, lip,
and tongue), biting foreign objects (snuff, fingernails, pens, and pencils, and so forth), tooth
tapping, and smoking (cigarettes, cigars, and pipes). All these behaviors can be considered
risk factors not only for the onset of general orofacial pain, but also for specific pathologies
(such as temporomandibular joint dysfunction). Moreover, even if they are not the root
cause, they could increase symptoms and worsen the prognosis [8].

Finally, the knowledge of OFP must be improved with other findings about the clinical
classification of dental or non-odontogenic pain origin [48].

Data highlight how complex it is to manage OFP and how important it is to understand
its etiopathogenesis to avoid overtreatment and, above all, to correctly manage the quality
of life of patients.

5.2. Physiology of Orofacial Pain and Neurotransmitters in Primary Sensory Neurons

OFP is transported by three main branches of the trigeminal nerve (CN V): ophthalmic,
maxillary, and mandibular [51]; the main branches of the CN V are reported in Figure 1.

Nociceptors showed many proteins and channels that transport pain following ther-
mal, chemical, and mechanical stimuli [51]. The first pain receptor cloned was TRPV1 [71];
it is responsible for transmitting pain signals to the CNS by changes in the influx of calcium
(Ca2+) and sodium (Na+) ions. Mechanoreceptors that evaluate blood pressure and tissue
deformations are also involved in OFP caused by mechanical forces generated by the
movement of dentinal fluid [51]. New theories will be better defined; for example, the
hydrodynamic theory considers the causes of OFP by evaluating mechanical forces generated
by the movement of dentinal fluid.

Further, many chemical substances induce nociceptive transmission of pain with
tissue acidosis and inflammation or injury. Acid-sensing ion channel 3 and the transient
receptor potential (TRP) ion channels are two main acid sensors involved in proton-induced
hyperalgesic priming [51,72,73]. TRP ion channels are molecular sensors that are able to
catch different types of stimuli such as mechanical stress and temperature, as well as small
molecules including capsaicin and lipids such as phosphatidylinositol 4,5-bisphosphate [73].
Considering diversity and sequence similarities, mammalian TRP channels can be classified
into six subfamilies: TRPC (canonical), TRPV, TRPM (melastatin), TRPP (polycystin),
TRPML (mucolipin), and TRPA (ankyrin) [73]. Moreover, it is possible to distinguish them
according to their relationship with calcium ions. Two members—TRPV5 and TRPV6—
of the vanilloid subfamily, for example, are permeable to calcium with high selectivity;
differently, other channels are weakly selective, but they can also be completely not calcium
selective at all (this is the case for TRPM4 and TRPM5) [73]. Moreover, the TRPV1, TRPV2,
TRPV3, and TRPV4 channels are known to be involved in heat sensation, and TRPV3 and
TRPV4 are known to be involved in warm sensation, whereas transient receptor potential
ankyrin 1 (TRPA1) and TRPM8 are known to participate in cool and cold sensations [73,74].

Another interesting point concerns the neurotransmitters present in the trigeminal
sensory neurons and in the caudal nucleus of the trigeminal nerve, which, as mentioned,
is involved in OFP transport [75]. The specificity of the identified neurotransmitters,
neurotrophic factors, their receptors, and their main functions are summarized in Table 3.
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Table 3. Neuroactive substances and their activation effects [75].

Neuroactive Substance Effect of Activation

Neurotransmitters and their receptors

Glutamate (Glu) Membrane depolarization: fast or slow excitation

AMPA receptors Rapid postsynaptic excitation

NMDA receptors Presynaptic auto-receptors or postsynaptic
heteroreceptors

Aspartate Membrane depolarization

Gamma aminobutyric acid (GABA) Membrane hyperpolarization: inhibition
Membrane depolarization: excitation

GABAA receptor Postsynaptic fast inhibition

GABAB receptor

Postsynaptic facilitation of the release of SER, DA,
and ATP
Presynaptic regulation of Ca2+ and K+ channels (long
inhibition of synaptic transmission)

Dopamine (DA) Membrane hyperpolarization

D1 receptor Proprioceptive processing in masseter muscle

D2 receptor Proprioceptive processing in periodontal ligament

Serotonin (SER) Membrane depolarization: modulation of sodium flux

5-HT2 receptor Intracellular transduction (activation)

5-HT3 receptor Postsynaptic slow excitation

Histamine (HIS) Membrane depolarization

H1 receptor Postsynaptic excitation

H3 receptor Presynaptic inhibition

Adenosine 5′-triphosphate (ATP) Membrane depolarization
Facilitation of neuronal discharge

Nitric oxide (NO) Membrane depolarization: help the synthesis of
intracellular cGMP

Neuropeptides and their receptors

Substance P (SP) Neuromodulation

SP receptor Neuromodulation

Somatostatin (SOM) Neuromodulation

Neuropeptide Y (NPY) Not analyzed

NPY Y1 receptor No data

NPY Y5 receptor No data

Neurotrophic factors and their
receptors

Nerve growth factor (NGF) Trophic support

TrkA Not analyzed

Brain-derived neurotrophic factor
(BDNF) Maintenance of the neuronal phenotype

Neurotrophin 4–5 (NT-4/5) Not analyzed

TrkB Neuronal survival

Neurotrophin 3 (NT-3) Trophic support

TrkC Neuronal survival
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Several anatomical studies demonstrated that approximately 30–80% of all neurons
of the trigeminal ganglia are glutamatergic [76,77]. So, we decided to better explain the
findings about Glu functions. It is known that glutamatergic neurons play important
roles in OFP. Clinical and experimental studies suggested that the expression levels of
Glu receptors increased in the trigeminal ganglia following OFP after inferior alveolar
nerve injury [78–80]. Moreover, the use of Glu antagonists is known to reduce nociceptive
trigeminal responses in different OFP models. These results suggested that peripheric Glu
activates afferent neurons via its receptors, inducing OFP [76,81].

Macrophages, mast cells, epithelial, dendritic cells, and odontoblasts can produce
Glu, which is released into the extracellular space and transported by two neuronal Glu
transporters and excitatory amino acid transporters (EAATs); in this way, Glu is able to
activate phospholipase C (PLC) and protein kinase ε (PKCε), inducing the stimulation of
TRP channels (TRPV1 and TRPA1) which mediate nociceptive inputs. The neuronal and
non-neuronal release of Glu and the role of many cells in OFP are reported in Figure 3.
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Figure 3. Glutamate signaling. Many cells are endogenous sources of glutamate; they are able to
induce intracellular Ca2+ release and some mechanisms for the transmission of OFP. Central nervous
system: CNS; phospholipase C: PLC; protein kinaseε: PKCε; glutamate receptor: Glu R; transient
receptor potential: TRP; satellite glial cell: SGC. Adapted from Liu et al., 2022 [77] (This is an open
access article distributed under the term of the Creative Commons Attribution 4.0 International
license).

6. Orofacial Pain: Sex and Gender

In recent years, the study of sex and gender differences has become increasingly
popular, not only considering the general health and wealth of the population but also con-
sidering the pathological condition of patients. The fact that males and females experience
pain differently is a concept that has always been inherent in the common imagination, but
it has only been more recent research that has given scientific contextualization to these
differences [82,83].

Evidence demonstrates that the female gender has a higher prevalence of OFP, in-
cluding TMJ pain, primary headaches, and neuropathic conditions [84–88]. Moreover,
women seek treatment more often than men, at a ratio of about 2:1. However, there is no
complete consensus on whether these apparent differences are mainly due to biological,
sociocultural, or psychological factors or to the neuronal networks between these [89]
(Figure 4). It is important to remember that the possible differences between the genders
must be considered during clinical diagnosis and treatment [87].
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7. Orofacial Pain and Warning–Protective Actions

As reported above, pain and OFP have warning and protective functions, reducing
the effects of the noxious stimuli that trigger some reflex responses from the body to the
CNS [90,91].

OFP can be caused by dental infections (e.g., caries, pulpitis periodontal disease, ob-
structed eruption of teeth), neoplastic lesions (e.g., oral cancer, tongue cancer, tumors of
maxilla and mandibula), post-traumatic lesions (e.g., dental inures, damage of temporo-
mandibular joint), and craniofacial procedures (e.g., periodontal procedures, placement of
implant) [92,93]. Moreover, pain in the face and neck regions can originate from other or-
gans with innervations such as the facial nerve and, obviously, the trigeminal nerve [94,95].
These points determine the clinical multidisciplinary questions that require many specialists
in several scientific fields. Furthermore, many studies suggested that it is very important
to start pharmacotherapy early enough for improving the local and general conditions of
patients [91].

The basic pharmacological methods for treating pain were defined long ago [96], but
modern analgesics interact with the opioid receptors located in the brain, spinal cord,
and peripheral tissues, inhibiting nociception [97]. These substances have many mecha-
nisms of action, but these pathways, specifically, induce the inhibition of prostaglandin
and cyclooxygenase (COX) synthesis and activity [98,99]. COX exists in two isoforms
(COX-1 and COX-2); COX-2 is responsible for pro-inflammatory effects, whereas COX-1
has physiological functions [100]. If the analgesics induce COX-1 inhibition, they could
determine adverse effects on several systems such as cardiovascular and gastrointestinal
systems [91,101]; if the analgesics act on COX-2 expression, they have a much better safety
profile than the other substances [102]. Furthermore, some analgesics can act on nuclear
factor kappa (NF-kB) and inducible nitric oxide synthase (iNOS) expression, directly and
indirectly inducing a reduction in inflammation and oxidative stress [103–106]. This will be
better discussed in the next paragraphs.

Given the several mechanisms responsible for OFP, it is important to know the different
causes of this pain to improve the quality of a patient’s life. Then, it is important to define
and classify OFP by evaluating its practical aspects.

Orofacial Pain Classification Based on Its Practical Aspects

The multidimensionality of OFP has led specialists to create several divisions of pain
stimuli based on the practical aspects of this phenomenon (formation and causes) [91].

Based on the formation of pain, nine mechanisms have been identified: provoked
pain caused by the mechanical, electrical, thermal, and chemical stimuli [107]; prolonged
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provoked pain [108]; spontaneous pain due to the inflammation process; continuous pain
that corresponds to chronic pain and involves some periods of remission [109]; nocturnal
pain due to the horizontal position of the body and sometimes due the inflammation
process [110]; throbbing pain linked to the heart rate and due to the inflammation process
in the tooth area; fresh pain due to an incident in a tooth or an area adjacent to a tooth [111];
acute pain [110]; radiating pain [112]. These mechanisms are shown in Figure 5 [91].
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Figure 5. Mechanisms of orofacial pain and its different divisions. Based on different mechanisms
of orofacial pain formation, this noxious stimulus has been divided into 9 groups: provoked pain,
prolonged provoked pain, spontaneous pain, continuous pain, nocturnal pain, throbbing (pulsating)
pain, fresh pain, acute pain, and radiating pain. Adapted from Kotowska-Rodziewicz et al., 2023 [91]
(This is an open access article distributed under the term of the CC BY-NC-ND 4.0).

Based on the causes of pain, several types of OFP have been identified, and they are
reported in Figure 6 [91]. This division takes into account acute and chronic pain linked to
periodontal procedures, post-extraction, or other practical procedures that could determine
inflammation, neuronal symptoms, and a general disease of a patient.
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8. Orofacial Pain and Oxidative Stress

As described throughout this review, pain manifests in various forms in the body
and is involved in different processes; therefore, its pathophysiology is not completely
understood. The evidence indicates a complex network including nitrosative and oxidative
stress, cation signaling, and the inflammatory response [113,114].

Oxidative stress is a physiological pathway; it is characterized by an excessive increase
in the production of free radicals, including reactive oxygen species (ROS) (hydroxyl radical
OH−, hydrogen peroxide H2O2, superoxide anions O2

−) and reactive nitrogen species
(RNS) (nitric oxide NO− and its derivatives) that counteract the physiological capacity of
antioxidants to scavenge them [115]. The imbalance between oxidative and antioxidative
agents is implicated in the pathophysiology of many pain-related conditions such as can-
cer [116], treatment with chemotherapeutic agents [117], diabetes, endometriosis [118,119],
vascular disease, and central/ peripheral nervous system diseases including chronic pain
(nerve injury) [120,121]. The results of several studies show that ROS are involved in
persistent pain (including neuropathic and inflammatory pain) [122–124]. In 2010, Viggiano
and colleagues [120] showed an increase in O2

− production in a model of OFP and its
involvement in inflammation-related pain transmission [120]. Moreover, high levels of
these ions and their persistence in postsynaptic neurons would appear to be associated
with hyperalgesia [120,125–127]. In 2013, Kallenborn-Gerhardt and colleagues studied and
showed the implication of ROS in neuropathic pain (NP) [128]; ROS increase the excitability
of nociceptive neurons through several mechanisms (e.g., activating NMDA receptors and
inhibiting the proteins involved in the regulation of glutamatergic transmission), leading
to the loss of Glu homeostasis [129–133]. ROS/RNS also decrease synaptic GABA release
and lead to dysfunction/death in GABAergic neurons [133–135], reducing inhibitory trans-
mission. These studies allow us to point out a real, though still not very clear, association
between oxidative stress and pain.

This same correlation can also be observed specifically for OFP. Temporomandibular
diseases are the most common chronic OFP conditions, including persistent pain and
dysfunction of the TMJ. Many scientists have evaluated oxidative stress as one of the
causes of TMJ diseases [136]. In a pilot study, Rodriguez et al. (2011) showed higher
levels of oxidative stress biomarkers such as 8-hydroxydeoxyguanosine (8-OHdG) and
malondialdehyde (MDA) in individuals with TMJ diseases; their expression is directly
proportional to pain intensity [137,138]. However, there seems to be high variability in
oxidative status in TMD, which could be due not only to the chronicity and the progression
of the disease but also to other factors such as psychological stress [139].

A correlation between OFP and oxidative stress is also shown by the action of ROS on
pain signaling through Ca2+-permeable TRP channels [132,140,141] involved in noxious
sensation. TRP channels (TRPA1, TRPM2, TRPV1, and TRPV4) are highly expressed in
neurons linked to nociception, including trigeminal ganglia neurons where they act as
biosensors for environmental changes [142–146]. In combination, excessive Ca2+ entry and
increased mitochondrial ROS levels are involved in sciatic nerve injury causing neuropathic
pain [147]. For instance, in urinary bladder disorders and orthodontic pain [148], TRPA1
activation leads to oxidative stress, and ROS activation of TRPV1 was found to contribute
to diabetic sensory neuropathy [143], TMJ diseases, and dental pain [146]. ROS/RNS
can activate TRP channels through oxidative modification of amino acids and indirectly
through second messengers [149].

Correlation between Oxidative Stress and Neuroinflammation in Pain

Oxidative stress also plays an important role in the neuroinflammation of pain through-
out the body, including OFP. These two processes seem to be linked by a series of mutual
interactions that are still not fully understood. Neuroinflammation is a form of inflamma-
tion that develops in the central and peripheral nervous system, characterized by various
changes in the nervous system such as increased vascular permeability, infiltration of
immune cells, and production of numerous inflammatory factors [150].
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ROS/RSN act as intermediates in signal transduction, activating transcription fac-
tors such as NF-kB. This, in turn, leads to the production of pro-inflammatory cytokines
(e.g., TNF-α and mitogen-activated protein kinase (MAPK) pathway), thereby inducing the
activation of several pathways involved in neuroinflammatory modulation and exacerbat-
ing pain conditions [149,150].

Many studies have shown a close relationship between oxidative stress and neuroin-
flammation in OFP [150]; the production of nitroxidative and oxidative species causes
pro-inflammatory responses through toll-like receptors [151]. Accordingly, in several
models of neuropathic pain, a reduction in ROS levels is related to a decrease in pro-
inflammatory cytokines and an increase in anti-inflammatory cytokines [150]. A study
performed by Sandoval et al. showed the interconnection between cyclin-dependent ki-
nase 5 activation and ROS production by nicotinamide adenine dinucleotide phosphate
(NADPH)-oxidase 1 (NOX1) and NOX2/NADPH oxidase complexes during inflammatory
pain [144]. A vicious cycle is created between oxidative stress and neuroinflammation,
compromising the anti-inflammatory and antioxidant mechanisms; ROS production is
inhibited by transforming growth factor-β (TGF-β) and IL-10 through NOX2 inactivation,
but at the same time, antioxidant molecules and NOX deletion stimulate the expression
of anti-inflammatory cytokines [150]. The correlation between neuroinflammation and
oxidative stress is summarized in Figure 7.
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The role of the NRLP3 inflammasome is not entirely clear, but some reports have
suggested that oxidative stress through ROS might induce inflammasome activation, per-
haps involving the TRPM2 channel [152,153] and the subsequent release of inflammatory
cytokines [154]. The NLRP3 inflammasome appears to be activated directly by ROS, which
are produced mainly by mitochondria but also through calcium flux as a result of the
activation of TRPM2 by nitroxidative species [151].

It has been shown that pro-inflammatory cytokines such as IL-1β, COX-2, and TNF-α
play an important role in the exacerbation of neuropathic pain [154], so inhibition of this
inflammatory response could be a possible therapeutic way to reduce and relieve pain.
Non-steroidal anti-inflammatory drugs (NSAIDs) are the most used group of drugs in
orofacial treatments. These compounds act by inhibiting the synthesis of prostaglandin
and are inhibitors of COXs (in a specific way for both isoforms, COX-1 and COX-2), which
when active induce increased expression of cytokines and chemokines (TNF-α, IL-1, and
IL-6) [91]. In addition, some NSAIDs inhibit the action of NF-kB and the expression of
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iNOS and reduce the release of ROS, decreasing oxidative stress [91]. These mechanisms
are summarized in Figure 8.
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9. Possible Treatment of Pain

Evidence of the involvement of oxidative stress in the pathophysiology of pain and
OFP has led researchers to study the possible use of antioxidant molecules to correct the
imbalance in oxidative status by producing a beneficial effect; this therapeutic strategy is
also used in other diseases in which oxidative stress is involved [155–157]. To date, few
antioxidant molecules have been prescribed for the treatment of pain, but there are several
studies on their actions [158]; one of these molecules could be melatonin, which we will
discuss later.

Many scientists have also identified the role of nutrition and diet in the treatment of
pain and in OFP. There is much evidence showing that diet has an important role in OFP,
and we will report it in one of the next paragraphs.

9.1. Antioxidant Molecules for Pain Treatment

As introduced above, there has been an attempt to use antioxidant molecules in
therapies designed to modulate pain. For example, vitamins C and E, as well as vitamin
D, melatonin, and curcumin, are all molecules with antioxidant and anti-inflammatory
properties that have been shown to reduce ROS production and suppress inflammation by
acting on several mechanisms, reducing NF-kB activation and/or inflammatory cytokine
production; their action appears to reduce pain and thus exerts a beneficial effect in the
treatment of endometriosis [159–165]. Valsecchi et al. [166] showed that genistein (a soy
isoflavone) has a neuroprotective action in neuropathic pain due to its antioxidant and anti-
inflammatory functions [167]. Genistein suppresses NO synthase, inducible NO synthase,
and NF-kB expression and consequently increases antioxidant enzymes and reduces pro-
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inflammatory cytokines [166–168]. Crocus sativus L. (or saffron) is utilized for the treatment
of several conditions. Its main components, crocin and safranal, seem to have antioxidant
and anti-inflammatory properties. Based on this assumption, Erfanparast et al. (2015)
studied the effects of crocin and safranal administration in formalin-induced orofacial
pain in rats, showing a suppression of the local oxidative and inflammatory status [169].
Moreover, co-administration with morphine induced antinociception, reducing pain [169].
In vitro and in vivo models were used to study how Erythrina can manage pain; Erythrina
is a member of the legume family and produces many secondary metabolites, in particular
phenolic compounds (isoflavones and flavones) which, thanks to their antioxidant abilities,
inhibit pro-oxidant molecules and inflammatory pathways such as MAPK and NF-kB [170].
The mechanism is not completely understood, and more preclinical studies are needed.

9.1.1. Melatonin and the Possibility to Modulate Pain

Melatonin is an endogenous indolamine released from the pineal gland and extra-
pineal tissue, and it performs many functions including regulating circadian rhythms and
antioxidant, anti-inflammatory, anti-apoptotic, and immune-modulating
functions [171,172]. Recent in vivo and in vitro studies have demonstrated the efficacy
of melatonin in relation to pain syndromes [173,174]. Chronic pain patients seem to
have lower levels of melatonin in their blood and urine [171]. Moreover, serotonin and
L-tryptophan, melatonin precursors, were present in lower levels in patients with fibromyal-
gia, indicating the critical role of melatonin in chronic pain syndromes [175–177]. The use
of melatonin in several chronic OFP pathologies such as myofascial pain [178], headache
disorders [178,179], fibromyalgia [180,181], and TMDs supports the analgesic ability of this
indolamine [174].

9.1.2. The Mechanism of Action of Melatonin in Pain

Melatonin acts through the MT1/MT2 melatonin receptors expressed on the cell mem-
brane and through RZR/ROR orphan nuclear receptors [182]. Melatonin can modulate and
facilitate GABAergic transmission, increasing GABA content and GABA receptor affinity
and density [171]. Several experiments have shown that the antinociceptive action of mela-
tonin is linked to calcium channels [183]. As noted, calcium channels play an important role
in the development of oxidative stress and inflammation in OFP. Melatonin has the capac-
ity to decrease neuronal free intracellular calcium levels, suppressing voltage-dependent
Ca2+ channels (TRPV1 and TRPM2) in the cultured DRG neurons [173]. Additionally,
melatonin seems to modulate the functions of potassium channels, as demonstrated by
Hemati et al. (2021) [173].

Inflammation is upregulated by various mediators such as 5-lipoxygenase (5-LOX) and
COX-2 (derived from arachidonic acid), which are involved in pain perception. Melatonin
possesses strong anti-inflammatory functions; it diminishes the expression of 5-LOX and
inhibits COX-2 activity, ameliorating nociceptive pain with an analgesic effect [183–187].

Mounting evidence has shown that the administration of melatonin can also inhibit
pro-inflammatory cytokines, downregulate NF-kB expression, and consequently reduce
the release of TNF-α. The administration of melatonin coupled with neurostimulation
therapies seems to act synergically for chronic pain management [171]. In a clinical study,
the intake of 10 mg of melatonin before sleep for 14 days in patients with headaches
decreased the intensity and frequency of attacks [188]. Furthermore, melatonin restored
the circadian rhythm, reduced pain-associated anxiety, and improved sleep quality, which
are often compromised in pain conditions [183].

The multiple functions of melatonin are summarized in Figure 9.



Int. J. Mol. Sci. 2023, 24, 13128 19 of 28Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 22 of 31 
 

 

 
Figure 9. Antioxidative and anti-inflammatory role of melatonin in pain modulation. Red line: inhi-
bition; blue arrows: regulation; melatonin receptor (MT1/MT2); calcium (Ca2+); potassium (K+); cy-
clooxygenase 2 (COX-2); 5-lypoxygenase (5-LOX); reactive oxygen species (ROS); nuclear factor-kB 
(NF-kB); inflammasome (NLRP3); interleukin-1β (IL-1β); interleukin-6 (IL-6); tumor necrosis factor-
α (TNF-α); Nitric oxide synthase 1 (NOS-1) [171]. 

These properties and actions of melatonin need to be further studied and observed 
through other clinical trials.  

9.2. Orofacial Pain and Melatonin  
As mentioned above, very little is known about the effects of melatonin in OFP both 

in experimental conditions and in clinical trials, and the findings are sometimes contra-
dictory.  

Huang et al. (2013), using a model of OFP in mice, showed that there is a downregu-
lation of MT1 receptor expression in TNC during the early stage of the pain [189]. The 
downregulation does not change in the trigeminal ganglia, but the results suggested that 
the decreased MT1 expression in TNC attenuates the analgesic effects of melatonin.  

Recently, Scarabelot et al. (2016) showed that melatonin administration exerts an an-
tihyperalgesic effect in an animal model of OFP due to the inflammation process [190]. 
The effect is linked to the mechanisms by which melatonin interferes with inflammatory 
and allogenic processes, as reported above.  

To our knowledge, there is only one clinical article reporting the improvement of 
chronic OFP with the administration of melatonin [191]. The authors of this article sug-
gested that the improvement is linked only to the role of melatonin in reducing insomnia 
in patients.  

These findings indicate the importance of developing studies for better exploring 
how melatonin acts in acute and chronic OFP. 
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cyclooxygenase 2 (COX-2); 5-lypoxygenase (5-LOX); reactive oxygen species (ROS); nuclear factor-kB
(NF-kB); inflammasome (NLRP3); interleukin-1β (IL-1β); interleukin-6 (IL-6); tumor necrosis factor-α
(TNF-α); Nitric oxide synthase 1 (NOS-1) [171].

These properties and actions of melatonin need to be further studied and observed
through other clinical trials.

9.2. Orofacial Pain and Melatonin

As mentioned above, very little is known about the effects of melatonin in OFP both in
experimental conditions and in clinical trials, and the findings are sometimes contradictory.

Huang et al. (2013), using a model of OFP in mice, showed that there is a downreg-
ulation of MT1 receptor expression in TNC during the early stage of the pain [189]. The
downregulation does not change in the trigeminal ganglia, but the results suggested that
the decreased MT1 expression in TNC attenuates the analgesic effects of melatonin.

Recently, Scarabelot et al. (2016) showed that melatonin administration exerts an
antihyperalgesic effect in an animal model of OFP due to the inflammation process [190].
The effect is linked to the mechanisms by which melatonin interferes with inflammatory
and allogenic processes, as reported above.

To our knowledge, there is only one clinical article reporting the improvement of
chronic OFP with the administration of melatonin [191]. The authors of this article sug-
gested that the improvement is linked only to the role of melatonin in reducing insomnia
in patients.

These findings indicate the importance of developing studies for better exploring how
melatonin acts in acute and chronic OFP.
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9.3. Orofacial Pain and Nutrition

A body of evidence suggests that OFP is often associated with an increased risk of
malnutrition [192–195], but the literature in this regard is scarce, and there are no definitive
conclusions. There are a few works concerning this point, such as the works of Durham
et al. (2015) [10] and Nasri-Heir and Touger-Decker (2022) [196]. These authors indicated
the impact of nutritional status on OFP and the potential role of diet in the management of
this disease. These articles lacked definitive conclusions but underlined that antioxidant
status may play an important role in OFP and that antioxidant strategies based on nutrition
can have beneficial effects [197–199].

Knowledge suggests that the inflammatory origin of OFP has a role in the pathophysi-
ology of the condition. As reported above, the mechanisms by which antioxidants protect
biological systems from free radical damage comprise the direct scavenging of ROS by
the sequestration of free catalytic metal ions, with the inhibition of NF-kB, the inhibition
of the cyclooxygenase pathway, and a reduction in lipid peroxidation [200,201]. More-
over, the fatty acid profile of the diet impacts the inflammatory processes associated with
OFP, and omega-3 fatty acids reduce inflammation, acting negatively on pro-inflammatory
prostaglandins and leukotriene B4.

The results in favor of nutrition’s potential role in the pathophysiology of OFP have
been obtained in in vitro and experimental studies and not in clinical trials. Clinical trials
are fundamental for better evaluating the importance of nutrition in the etiology of OFP
since several patients have experienced an improvement with a controlled diet. The patients
reported some problems with eating an adequate and varied diet, drug interactions, and/or
weight changes. Without indications, these patients may become deficient in essential
nutrients that may impact general health and well-being [10].

These considerations suggest that evaluations of a patient’s diet and nutritional status
must be included in the management of OFP. In this regard, Durham et al. (2015) [10]
demonstrated that simple approaches for non-dietetic health professionals exist and are
useful for limiting nonintentional weight change, dietary problems, and diet quality. These
indications must be used when giving patients dietary guidance.

10. Conclusions

Pain can be considered one of the most debilitating human diseases; it compromises
the quality of life of people from all over the world, representing an economic and social
burden to society.

In this review, we considered the localization of pain in the human body; the noxious
receptors are predominantly ubiquitous, but they are not distributed with the same density
in all regions of the body. There are parts of the human body that are more “exposed” to
pain, like the orofacial regions.

Despite the great advancement in medicine, the treatment of pain remains one of the
major challenges to overcome. The involvement of different and ambiguous mechanisms
and the discovery over time of new mechanisms involved have led to difficulties in pain
management and are a possible reason for the failure to find a definitive treatment.

To date, pain and OFP therapies are unsatisfactory, and many have adverse con-
sequences; therefore, the development of more effective treatments is a major goal. As
described, one possible therapy is the administration of melatonin, but this must be com-
bined with other treatments. In addition, based on the above, another target may be TRP
channels—TRPV1, TRPV2, TRPV3, and TRPV4 channels that are known to be involved in
heat sensation; TRPV3 and TRPV4 that are involved in the transmission of a warm sensation;
and TRPA1 and TRPM8 that are known to be involved in cool and cold sensations.

The discovery of the involvement of oxidative stress and inflammation is an important
starting point; furthermore, we report that nutrition and diet have a considerable role
in OFP.
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In this review, the authors underlined and stressed the importance of developing new
therapies, showing pain in its complexity and some mechanisms, in order to improve the
everyday life of individuals.
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pain-diagnostic and therapeutic challenges. Acta Clin. Croat. 2019, 58 (Suppl. S1), 82–89. [CrossRef] [PubMed]
53. Christoforou, J. Neuropathic Orofacial Pain. Dent. Clin. N. Am. 2018, 62, 565–584. [CrossRef] [PubMed]
54. Klasser, G.D.; Almoznino, G.; Fortuna, G. Sleep and Orofacial Pain. Dent. Clin. N. Am. 2018, 62, 629–656. [CrossRef] [PubMed]
55. Apkarian, A.V.; Bushnell, M.C.; Treede, R.D.; Zubieta, J.K. Human brain mechanisms of pain perception and regulation in health

and disease. Eur. J. Pain. 2005, 9, 463–484. [CrossRef]
56. Dunckley, P.; Wise, R.G.; Aziz, Q.; Painter, D.; Brooks, J.; Tracey, I.; Chang, L. Cortical processing of visceral and somatic

stimulation: Differentiating pain intensity from unpleasantness. Neuroscience 2005, 133, 533–542. [CrossRef]
57. Henderson, L.A.; Gandevia, S.C.; Macefield, V.G. Somatotopic organization of the processing of muscle and cutaneous pain in the

left and right insula cortex: A single-trial fMRI study. Pain 2007, 128, 20–30. [CrossRef]
58. Lee, Y.; Lee, C.H.; Oh, U. Painful channels in sensory neurons. Mol. Cells 2005, 20, 315–324.
59. Ananthan, S.; Benoliel, R. Chronic orofacial pain. J. Neural. Transm. 2020, 127, 575–588. [CrossRef]
60. Shinoda, M.; Kubo, A.; Hayashi, Y.; Iwata, K. Peripheral and Central Mechanisms of Persistent Orofacial Pain. Front. Neurosci.

2019, 13, 1227. [CrossRef]

https://doi.org/10.7554/eLife.71752
https://doi.org/10.1097/j.pain.0000000000001973
https://doi.org/10.1038/35093019
https://doi.org/10.1016/j.cps.2019.11.001
https://www.ncbi.nlm.nih.gov/pubmed/32115044
https://doi.org/10.1213/01.ANE.0000081061.12235.55
https://www.ncbi.nlm.nih.gov/pubmed/14500166
https://doi.org/10.1016/j.nurt.2009.07.008
https://www.ncbi.nlm.nih.gov/pubmed/19789073
https://doi.org/10.1038/nrn1301
https://www.ncbi.nlm.nih.gov/pubmed/14708003
https://doi.org/10.3390/ijms20133130
https://www.ncbi.nlm.nih.gov/pubmed/31248061
https://doi.org/10.1038/nrn.2016.162
https://doi.org/10.1093/pm/pnz017
https://doi.org/10.1038/nrn3504
https://doi.org/10.1177/1073858403259955
https://doi.org/10.1093/brain/awt211
https://www.ncbi.nlm.nih.gov/pubmed/23983029
https://doi.org/10.1007/s00213-005-2200-z
https://www.ncbi.nlm.nih.gov/pubmed/15731895
https://doi.org/10.1007/s00726-012-1280-4
https://doi.org/10.1016/j.tins.2008.01.003
https://doi.org/10.1002/dneu.20331
https://www.ncbi.nlm.nih.gov/pubmed/17443779
https://doi.org/10.1007/s11920-015-0659-9
https://doi.org/10.1146/annurev-pharmtox-051421-112259
https://doi.org/10.1016/j.coms.2007.12.009
https://doi.org/10.1007/s00482-015-0052-y
https://doi.org/10.1523/ENEURO.0535-20.2021
https://doi.org/10.1016/j.neuroimage.2015.05.014
https://www.ncbi.nlm.nih.gov/pubmed/25979666
https://doi.org/10.1007/978-3-319-28100-1_8-1
https://doi.org/10.20471/acc.2019.58.s1.12
https://www.ncbi.nlm.nih.gov/pubmed/31741564
https://doi.org/10.1016/j.cden.2018.05.005
https://www.ncbi.nlm.nih.gov/pubmed/30189983
https://doi.org/10.1016/j.cden.2018.06.005
https://www.ncbi.nlm.nih.gov/pubmed/30189987
https://doi.org/10.1016/j.ejpain.2004.11.001
https://doi.org/10.1016/j.neuroscience.2005.02.041
https://doi.org/10.1016/j.pain.2006.08.013
https://doi.org/10.1007/s00702-020-02157-3
https://doi.org/10.3389/fnins.2019.01227


Int. J. Mol. Sci. 2023, 24, 13128 23 of 28

61. Fehér, G.; Nemeskéri, Z.; Pusch, G.; Zádori, I.; Bank, G.; Gurdán, Z.; Mészáros, J.; Mák, K.; Tibold, A.; Komoly, S. Krónikus
orofacialis fájdalmak [Chronic orofacial pain]. Orv. Hetil. 2019, 160, 1047–1056. [CrossRef] [PubMed]

62. Baad-Hansen, L.; Benoliel, R. Neuropathic orofacial pain: Facts and fiction. Cephalalgia 2017, 37, 670–679. [CrossRef] [PubMed]
63. Dabiri, D.; Harper, D.E.; Kapila, Y.; Kruger, G.H.; Clauw, D.J.; Harte, S. Applications of sensory and physiological measurement in

oral-facial dental pain. Spec. Care Dent. 2018, 38, 395–404. [CrossRef] [PubMed]
64. Harper, D.E.; Schrepf, A.; Clauw, D.J. Pain Mechanisms and Centralized Pain in Temporomandibular Disorders. J. Dent. Res.

2016, 95, 1102–1108. [CrossRef]
65. Nakamura, S.; Myers, R.R. Myelinated afferents sprout into lamina II of L3-5 dorsal horn following chronic constriction nerve

injury in rats. Brain Res. 1999, 818, 285–290. [CrossRef] [PubMed]
66. White, D.M. Neurotrophin-3 antisense oligonucleotide attenuates nerve injury-induced Abeta-fibre sprouting. Brain Res. 2000,

885, 79–86. [CrossRef] [PubMed]
67. Sántha, P.; Jancsó, G. Transganglionic transport of choleragenoid by capsaicin-sensitive C-fibre afferents to the substantia

gelatinosa of the spinal dorsal horn after peripheral nerve section. Neuroscience 2003, 116, 621–627. [CrossRef]
68. Bao, L.; Wang, H.F.; Cai, H.J.; Tong, Y.G.; Jin, S.X.; Lu, Y.J.; Grant, G.; Hökfelt, T.; Zhang, X. Peripheral axotomy induces only

very limited sprouting of coarse myelinated afferents into inner lamina II of rat spinal cord. Eur. J. Neurosci. 2002, 16, 175–185.
[CrossRef]

69. Shehab, S.A.; Spike, R.C.; Todd, A.J. Evidence against cholera toxin B subunit as a reliable tracer for sprouting of primary afferents
following peripheral nerve injury. Brain Res. 2003, 964, 218–227. [CrossRef]

70. Aydede, M.; Shriver, A. Recently introduced definition of “nociplastic pain” by the International Association for the Study of Pain
needs better formulation. Pain 2018, 159, 1176–1177. [CrossRef]

71. Caterina, M.J.; Schumacher, M.A.; Tominaga, M.; Rosen, T.A.; Levine, J.D.; Julius, D. The capsaicin receptor: A heat-activated ion
channel in the pain pathway. Nature 1997, 389, 816–824. [CrossRef] [PubMed]

72. Chung, G.; Jung, S.J.; Oh, S.B. Cellular and molecular mechanisms of dental nociception. J. Dent. Res. 2013, 92, 948–955. [CrossRef]
[PubMed]

73. Singh, A.K.; McGoldrick, L.L.; Saotome, K.; Sobolevsky, A.I. X-ray crystallography of TRP channels. Channels 2018, 12, 137–152.
[CrossRef] [PubMed]

74. Tominaga, M. The Role of TRP Channels in Thermosensation. In TRP Ion Channel Function in Sensory Transduction and Cellular
Signaling Cascades; Liedtke, W.B., Heller, S., Eds.; CRC Press: Boca Raton, FL, USA; Taylor & Francis: Abingdon, UK, 2007.

75. Lazarov, N.E. Neurobiology of orofacial proprioception. Brain Res. Rev. 2007, 56, 362–383. [CrossRef]
76. Li, J.L.; Xiong, K.H.; Dong, Y.L.; Fujiyama, F.; Kaneko, T.; Mizuno, N. Vesicular glutamate transporters, VGluT1 and VGluT2, in

the trigeminal ganglion neurons of the rat, with special reference to coexpression. J. Comp. Neurol. 2003, 463, 212–220. [CrossRef]
77. Liu, J.; Jia, S.; Huang, F.; He, H.; Fan, W. Peripheral role of glutamate in orofacial pain. Front. Neurosci. 2022, 16, 929136. [CrossRef]
78. Li, Q.; Ma, T.L.; Qiu, Y.Q.; Cui, W.Q.; Chen, T.; Zhang, W.W.; Wang, J.; Mao-Ying, Q.L.; Mi, W.L.; Wang, Y.Q.; et al. Connexin 36

Mediates Orofacial Pain Hypersensitivity Through GluK2 and TRPA1. Neurosci. Bull. 2020, 36, 1484–1499. [CrossRef]
79. Li, Y.L.; Liu, F.; Zhang, Y.Y.; Lin, J.; Huang, C.L.; Fu, M.; Zhou, C.; Li, C.J.; Shen, J.F. NMDAR1-Src-Pannexin1 signal pathway in

the trigeminal ganglion contributed to orofacial ectopic pain following inferior alveolar nerve transection. Neuroscience 2021,
466, 77–86. [CrossRef]

80. Kurisu, R.; Saigusa, T.; Aono, Y.; Hayashi, Y.; Hitomi, S.; Shimada, M.; Iwata, K.; Shinoda, M. Pannexin 1 role in the trigeminal
ganglion in infraorbital nerve injury-induced mechanical allodynia. Oral Dis. 2023, 29, 1770–1781. [CrossRef]

81. Csáti, A.; Edvinsson, L.; Vécsei, L.; Toldi, J.; Fülöp, F.; Tajti, J.; Warfvinge, K. Kynurenic acid modulates experimentally induced
inflammation in the trigeminal ganglion. J. Headache Pain 2015, 16, 99. [CrossRef]

82. Rezzani, R.; Franco, C.; Rodella, L.F. Sex differences of brain and their implications for personalized therapy. Pharmacol. Res. 2019,
141, 429–442. [CrossRef] [PubMed]

83. Rothman, R.; Berke, C.; Jivanelli, B.; Casey, E.; Cheng, J. Sex and gender differences in lower limb chronic exertional compartment
syndrome: A systematic review. Phys. Sportsmed. 2023, 7, 1–11. [CrossRef] [PubMed]

84. Madland, G.; Newton-John, T.; Feinmann, C. Chronic idiopathic orofacial pain: I: What is the evidence base? Br. Dent. J. 2001, 191,
22–24. [CrossRef] [PubMed]

85. Macfarlane, T.V.; Blinkhorn, A.S.; Davies, R.M.; Worthington, H.V. Association between local mechanical factors and orofacial
pain: Survey in the community. J. Dent. 2003, 31, 535–542. [CrossRef]

86. Berta, T.; Qadri, Y.J.; Chen, G.; Ji, R.R. microglial signaling in chronic pain with a special focus on caspase 6, p38 MAP Kinase, and
sex dependence. J. Dent. Res. 2016, 95, 1124–1131. [CrossRef]

87. Shaefer, J.R.; Khawaja, S.N.; Bavia, P.F. Sex, Gender, and Orofacial Pain. Dent. Clin. N. Am. 2018, 62, 665–682. [CrossRef]
88. Ye, Y.; Salvo, E.; Romero-Reyes, M.; Akerman, S.; Shimizu, E.; Kobayashi, Y.; Michot, B.; Gibbs, J. Glia and Orofacial Pain: Progress

and Future Directions. Int. J. Mol. Sci. 2021, 22, 5345. [CrossRef]
89. Fillingim, R.B. Sex, gender, and pain: Women and men really are different. Curr. Rev. Pain 2000, 4, 24–30. [CrossRef]
90. Jungquist, C.R.; Vallerand, A.H.; Sicoutris, C.; Kwon, K.N.; Polomano, R.C. Assessing and Managing Acute Pain: A Call to Action.

Am. J. Nurs. 2017, 117 (Suppl. S1), S4–S11. [CrossRef]
91. Kotowska-Rodziewicz, A.; Zalewska, A.; Maciejczyk, M. A Review of Preclinical and Clinical Studies in Support of the Role of

Non-Steroidal Anti-Inflammatory Drugs in Dentistry. Med. Sci. Monit. 2023, 29, e940635. [CrossRef]

https://doi.org/10.1556/650.2019.31432
https://www.ncbi.nlm.nih.gov/pubmed/31264469
https://doi.org/10.1177/0333102417706310
https://www.ncbi.nlm.nih.gov/pubmed/28403646
https://doi.org/10.1111/scd.12323
https://www.ncbi.nlm.nih.gov/pubmed/30194771
https://doi.org/10.1177/0022034516657070
https://doi.org/10.1016/S0006-8993(98)01291-8
https://www.ncbi.nlm.nih.gov/pubmed/10082814
https://doi.org/10.1016/S0006-8993(00)02940-1
https://www.ncbi.nlm.nih.gov/pubmed/11121532
https://doi.org/10.1016/S0306-4522(02)00701-7
https://doi.org/10.1046/j.1460-9568.2002.02080.x
https://doi.org/10.1016/S0006-8993(02)04001-5
https://doi.org/10.1097/j.pain.0000000000001184
https://doi.org/10.1038/39807
https://www.ncbi.nlm.nih.gov/pubmed/9349813
https://doi.org/10.1177/0022034513501877
https://www.ncbi.nlm.nih.gov/pubmed/23955160
https://doi.org/10.1080/19336950.2018.1457898
https://www.ncbi.nlm.nih.gov/pubmed/29589513
https://doi.org/10.1016/j.brainresrev.2007.08.009
https://doi.org/10.1002/cne.10755
https://doi.org/10.3389/fnins.2022.929136
https://doi.org/10.1007/s12264-020-00594-4
https://doi.org/10.1016/j.neuroscience.2021.04.032
https://doi.org/10.1111/odi.14129
https://doi.org/10.1186/s10194-015-0581-x
https://doi.org/10.1016/j.phrs.2019.01.030
https://www.ncbi.nlm.nih.gov/pubmed/30659897
https://doi.org/10.1080/00913847.2023.2173489
https://www.ncbi.nlm.nih.gov/pubmed/36698053
https://doi.org/10.1038/sj.bdj.4801081a
https://www.ncbi.nlm.nih.gov/pubmed/11491472
https://doi.org/10.1016/S0300-5712(03)00108-8
https://doi.org/10.1177/0022034516653604
https://doi.org/10.1016/j.cden.2018.06.001
https://doi.org/10.3390/ijms22105345
https://doi.org/10.1007/s11916-000-0006-6
https://doi.org/10.1097/01.NAJ.0000513526.33816.0e
https://doi.org/10.12659/MSM.940635


Int. J. Mol. Sci. 2023, 24, 13128 24 of 28

92. Pergolizzi, J.V.; Magnusson, P.; LeQuang, J.A.; Gharibo, C.; Varrassi, G. The pharmacological management of dental pain. Expert
Opin. Pharmacother. 2020, 21, 591–601. [CrossRef] [PubMed]

93. Conti, P.C.R.; Bonjardim, L.R.; Stuginski-Barbosa, J.; Costa, Y.M.; Svensson, P. Pain complications of oral implants: Is that an
issue? J. Oral Rehabil. 2021, 48, 195–206. [CrossRef] [PubMed]

94. Treede, R.D.; Rief, W.; Barke, A.; Aziz, Q.; Bennett, M.I.; Benoliel, R.; Cohen, M.; Evers, S.; Finnerup, N.B.; First, M.B.; et al. A
classification of chronic pain for ICD-11. Pain 2015, 156, 1003–1007. [CrossRef] [PubMed]

95. Gambeta, E.; Chichorro, J.G.; Zamponi, G.W. Trigeminal neuralgia: An overview from pathophysiology to pharmacological
treatments. Mol. Pain 2020, 16, 1744806920901890. [CrossRef]

96. Rao, P.; Knaus, E.E. Evolution of nonsteroidal anti-inflammatory drugs (NSAIDs): Cyclooxygenase (COX) inhibition and beyond.
J. Pharm. Pharm. Sci. 2008, 11, 81s–110s. [CrossRef]

97. Owusu Obeng, A.; Hamadeh, I.; Smith, M. Review of Opioid Pharmacogenetics and Considerations for Pain Management.
Pharmacotherapy 2017, 37, 1105–1121. [CrossRef]

98. Oesterling, T.O.; Morozowich, W.; Roseman, T.J. Prostaglandins. J. Pharm. Sci. 1972, 61, 1861–1895. [CrossRef]
99. Dannhardt, G.; Kiefer, W. Cyclooxygenase inhibitors-current status and future prospects. Eur. J. Med. Chem. 2001, 36, 109–126.

[CrossRef]
100. Fitzpatrick, F.A. Cyclooxygenase enzymes: Regulation and function. Curr. Pharm. Des. 2004, 10, 577–588. [CrossRef]
101. Cunningham, K.; Candelario, D.M.; Angelo, L.B. Nonsteroidal anti-inflammatory drugs: Updates on dosage formulations and

adverse effects. Orthop. Nurs. 2020, 39, 408–413. [CrossRef]
102. Vane, J.R.; Bakhle, Y.S.; Botting, R.M. Cyclooxygenases 1 and 2. Annu. Rev. Pharmacol. Toxicol. 1998, 38, 97–120. [CrossRef]
103. Stratman, N.C.; Carter, D.B.; Sethy, V.H. Ibuprofen: Effect on inducible nitric oxide synthase. Brain Res. Mol. Brain Res. 1997,

50, 107–112. [CrossRef]
104. Berg, J.; Fellier, H.; Christoph, T.; Grarup, J.; Stimmeder, D. The analgesic NSAID lornoxicam inhibits cyclooxygenase (COX)-1/-2,

inducible nitric oxide synthase (iNOS), and the formation of interleukin (IL)-6 in vitro. Inflamm. Res. 1999, 48, 369–379. [CrossRef]
[PubMed]

105. Sclabas, G.M.; Uwagawa, T.; Schmidt, C.; Hess, K.R.; Evans, D.B.; Abbruzzese, J.L.; Chiao, P.J. Nuclear factor kappa B activation is
a potential target for preventing pancreatic carcinoma by aspirin. Cancer 2005, 103, 2485–2490. [CrossRef] [PubMed]

106. Fürst, R.; Blumenthal, S.B.; Kiemer, A.K.; Zahler, S.; Vollmar, A.M. Nuclear factor-kappa B-independent anti-inflammatory action
of salicylate in human endothelial cells: Induction of heme oxygenase-1 by the c-jun N-terminal kinase/activator protein-1
pathway. J. Pharmacol. Exp. Ther. 2006, 318, 389–394. [CrossRef] [PubMed]

107. Bender, I.B. Pulpal pain diagnosis-a review. J. Endod. 2000, 26, 175–179. [CrossRef]
108. Barnes, J.J.; Patel, S. Contemporary endodontics-part 1. Br. Dent. J. 2011, 211, 463–468. [CrossRef]
109. Antonelli, J.R. Acute dental pain, Part II: Diagnosis and emergency treatment. Compendium 1990, 11, 526, 528, 530–533.
110. De Laat, A. Differential diagnosis of toothache to prevent erroneous and unnecessary dental treatment. J. Oral Rehabil. 2020,

47, 775–781. [CrossRef]
111. Raab, W.H. Akuter und chronischer Zahnschmerz [Acute and chronic toothache]. Dtsch. Zahnarztl. Z. 1991, 46, 101–108.

(In German)
112. Piattelli, A.; Traini, T. Diagnosis and managing pulpitis: Reversible or irreversible? Pract. Proced. Aesthet. Dent. 2007, 19, 254–256.

[PubMed]
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