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Abstract

:

Orofacial neuropathic pain indicates pain caused by a lesion or diseases of the somatosensory nervous system. It is challenging for the clinician to diagnose and manage orofacial neuropathic pain conditions due to the considerable variability between individual clinical presentations and a lack of understanding of the mechanisms underlying the etiology and pathogenesis. In the last few decades, researchers have developed diagnostic criteria, questionnaires, and clinical assessment methods for the diagnosis of orofacial neuropathic pain. Recently, researchers have observed the role of autophagy in neuronal dysfunction as well as in the modulation of neuropathic pain. On this basis, in the present review, we highlight the characteristics, classification, and clinical assessment of orofacial neuropathic pain. Additionally, we introduce autophagy and its potential role in the modulation of orofacial neuropathic pain, along with a brief overview of the pathogenesis, which in future may reveal new possible targets for treating this condition.
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1. Introduction


Orofacial pain disorders include a broad range of clinically defined conditions, such as dental, musculoskeletal, neurovascular, and neuropathic pain. Patients suffering from orofacial pain disorders generally present to clinics with acute or chronic pain. Acute pain conditions are self-limiting and occur in response to tissue trauma or inflammation and are thus essential for survival. Chronic pain conditions on the other hand have a direct impact on patients’ functional and emotional components. It lasts or recurs for more than 3–6 months and can persist beyond normal healing time [1,2]. In some patients, chronic orofacial pain may persist when the peripheral lesions have been treated or even without peripheral abnormalities being found.



According to a study conducted by the US Centers for Disease Control, the prevalence of chronic pain ranges between 11% and 40%,with the point prevalence estimated to be 20.4% [3,4]. Moreover, the overall prevalence of orofacial pain varies from 5 to 57%, depending on the study population, location, and other factors, with women being affected more frequently in comparison to men [5].



In acute orofacial pain conditions, the peripheral mechanism predominates, though central sensitization may also contribute. While in chronic orofacial pain, both the peripheral and the central sensitization predominate; in addition, the development of new neural connections and brain alterations can be observed [3,6,7]. These changes are maintained not only by nociception, but also by psychosocial factors. The psychosocial factors associated with the perpetuation of chronic orofacial pain are anxiety, depression, post-traumatic stress, catastrophic thoughts, and poor social support. In addition, other contributing factors, such as genetics, hormones, sleep, age, and sex, may also contribute [8]. Overall, chronic orofacial pain conditions are associated with a dysfunction in the pain system that can also affect mood and severely worsen patients’ quality of life [9,10].



The classification of chronic orofacial pain falls into three main categories: nociceptive, neuropathic, and nociplastic or dysfunctional pain. The nociceptive pain commonly experienced in response to stimuli that have potential to damage tissues. It includes arthritis and muscle spasms and is commonly accompanied by anxiety and depression [3,11]. Orofacial neuropathic pain is defined as the pain caused by damage or diseases affecting the somatosensory nervous system. It is typically associated with positive and negative sensory abnormalities, such as allodynia, hyperalgesia, numbness, or both abnormalities as dysesthesia and paresthesia, and it is frequently accompanied by greater psychological distress and concomitant disability [12]. Unlike nociceptive pain and acute nerve injury, orofacial neuropathic pain is always maladaptive, with greater decrements in the quality of life [13]. Nociplastic pain, also known as dysfunctional pain, results from the abnormal processing of pain signals without any obvious signs of tissue damage or discrete pathology involving the somatosensory system. It includes non-specific back pain, some temporomandibular disorders (TMD), fibromyalgia, and irritable bowel syndrome. Indeed, there is mounting evidence that many pain conditions, such as headaches, cancer pain, and some orofacial pain conditions, have a mixed pain phenotype, meaning that they do not fit neatly into one category and that the mechanism underlying their etiology and pathogenesis is not well understood [14]. As a result, managing patients with a mixed phenotype of orofacial neuropathic pain is challenging for the clinicians.



Orofacial neuropathic pain conditions are difficult to manage, and the results are often unsatisfactory. It is observed that 15–25% of chronic pain is neuropathic pain. In a systematic review, the population prevalence of pain with neuropathic characteristics was noted as being between 6.9 and 10% [15,16]. The epidemiological research in this area is complex due to a lack of consensus on the valid definitions, diagnosis criteria, and the appropriate use of the screening tools used by previous studies.



Orofacial neuropathic pain is characterized by an altered sensation within a specific dermatome; it can be constant or intermittent and may be spontaneous or evoked. In some conditions, there is an obvious inciting event that produces the neuropathic pain, which can be peripheral or central in its origin (peripheral neuritis, post-herpetic neuralgia, and post-stroke pain), while pain can also be unrelated to disease or a traumatic event and may be diagnosed as primary trigeminal painful neuropathy (dysfunction of nerves in which the onset may be spontaneous or subsequent to various types of lesions of trauma) and persistent dentoalveolar pain type I [17]. Typically, in orofacial neuropathic pain the nervous system responds inappropriately to the damage via multiple mechanisms and their modulators, resulting in an imbalanced sensory system that misreads sensory inputs and can generate painful systems on its own. Additionally, there are different pain management approaches for orofacial neuropathic pain, despite the fact that patients do not experience adequate relief from the pain [18]. Due to this complex pathogenesis and lack of efficient treatment options, orofacial neuropathic pain is still an area of study.



There is growing evidence that autophagy dysfunction underlies neuropathic pain and that modifying autophagy can alleviate pain [19,20]. Autophagy is a cytoprotective process that replaces cell components in both constitutive and catabolic conditions. It is crucial for cell functions such as growth, inflammation, metabolism and aging. In general, autophagy promotes cell survival by allowing cells to adapt to stress conditions. Long-lived, dysfunctional, or excess proteins are degraded in this process to maintain normal tissue homeostasis [21,22].



Autophagy plays a vital role in synaptic maintenance and plasticity in CNS as well as for synaptic integrity and receptor turnover in the peripheral nervous system [23,24]. Mutations in autophagy-related genes have been linked to various disorders, including neuropathic pain [25]. In past decades, genetic studies have pointed to the involvement of autophagy in neurodegenerative diseases, cancers, and inflammatory and autoimmune diseases. However, autophagy activity cannot be precisely measured and little evidence has been generated to suggest that it is elevated or reduced in specific conditions. Experimental studies have shown that the activity of autophagy in the injured nerves is altered [26]. These studies showed that upregulated autophagy activities can directly alleviate neuropathic pain through the suppression of the pro-inflammatory cytokines which play a role in the formation of neuropathic pain [27,28,29,30]. Furthermore, the neural-specific depletion of the required autophagy genes causes axon degeneration and neuron death in experimental models. Its role in Schwann cell function during myelination and re-myelination has been also observed [31,32].



So far, there have been very few studies describing the role of autophagy in the dysfunction and modulation of neuropathic pain. In orofacial neuropathic pain, autophagy has not been explored well. Therefore, in this review we focus on orofacial neuropathic pain first, by presenting its classification, peripheral and central mechanisms, and assessment. Later, we discuss a brief view of autophagy, including how autophagy is executed and regulated at the molecular level and how it contributes to the development of neuropathic pain. Finally, we shed light on the therapeutic potential of autophagy, which may act as an emerging modulator of orofacial neuropathic pain, and we briefly discuss the clinical care of patients diagnosed with orofacial neuropathic pain.




2. Orofacial Neuropathic Pain


2.1. Characteristics and Types of Orofacial Neuropathic Pain


Orofacial neuropathic pain appears as a result of disease or lesion interferences involving the somatosensory system, which not only lead to increased pain sensitivity but also to loss of function. In general, patients with orofacial neuropathic pain complain of spontaneous ongoing pain which is occasionally dominated by intermittent shock-like pain paroxysms, either alone or in addition to the ongoing pain. The patients may also exhibit intermittent/recurrent painful episodes triggered by amplified pain responses after noxious or non-noxious stimuli [18].



The clinical presentation of orofacial neuropathic pain can be dependent on its origin and the insult that caused it. There are various nerve-damaging stimuli in the peripheral and CNS which can lead to neuropathic pain. The potential cause of orofacial neuropathic pain can be a trauma, infection, exposure to toxins, vascular/space lesion compression, or a metabolic disease, e.g., diabetic neuropathy, a neurodegenerative, autoimmune condition, a tumor, or a hereditary disease [17]. The various descriptors of orofacial neuropathic pain include burning, sharp, pricking, shooting, squeezing, tingling, and numbness, along with dysestheisa and paresthesia [18]. Typically, neuropathic pain can be divided into two general categories: those that are the consequences of peripheral lesions or disease, and those that are due to central lesions or disease. It can also occur as a condition of unknown etiology, or it can be idiopathic. The understanding of pain hypersensitivity and spontaneous pain in these idiopathic conditions is complex, and the underlying pathology still remains unclear. Before moving forward with the mechanism of orofacial neuropathic pain, we present here the different types of orofacial neuropathic pain, given that the differences in the pain phenotypes offers an opportunity to classify neuropathic pain clinically.



Neuropathic pain is generally classified in relation to the agent of insult and anatomic distribution [33]. There are various classifications of neuropathic pain reported in the literature. According to Woolf, a classification should be valid, reliable, and generalizable. However, the dynamic nature of the nociceptive system, particularly in abnormal conditions, may be an impediment to discovering such a universal classification [34]. It is difficult to meet the demands when orofacial neuropathic pain disorders are dominated by subjective symptoms and the associated clinical signs are few or nonexistent. Various scales and questionnaires have been developed in the literature to demonstrate discriminative features between neuropathic and non-neuropathic pain states. Recently, a grading system that classified neuropathic pain as possible, probable, and definite was updated [11]. The different levels were determined by the experts based on neurological history, pain distribution, the presence and location of sensory signs, and, finally, on a confirmatory test, neuropathic pain can be peripherally generated or centrally mediated. In some patients with post-herpetic neuralgia, central post-stroke pain, and compression by space-occupying lesions, the underlying cause of neuropathic pain is obvious, while for certain mixed conditions it is challenging for the clinician to delineate the boundaries of neuropathic and non-neuropathic pain.As a result, neuropathic pain is typically categorized according to an underlying disease. In the newly released ICD11 classification, neuropathic pain is first organized into peripheral and central neuropathic pain based on the location of the lesion or disease in the peripheral or central somatosensory nervous system [35]. Within each of these categories, the pain is classified into different neuropathic pain conditions based on the underlying disease.



Moreover, based on the temporal features, orofacial neuropathic pain can be episodic or continuous. The episodic orofacial neuropathic pain included trigeminal neuralgia, glossopharyngeal neuralgia, and other cranial neuralgias, and the continuous pain included peripheral neuritis, peripheral painful trigeminal neuropathy, herpes zoster and post-herpetic neuralgia, and persistent idiopathic facial pain [17]. [Figure 1]. Recently, the ICOP (International Classification of Orofacial Pain) has provided a comprehensive description, along with the diagnostic criteria, of pain conditions affecting the orofacial region, including orofacial neuropathic pain [36]. The ICOP describes primary pain, which means pain that is not attributable to another disorder, as well as secondary pain, which is caused by another identified disorder, such as inflammation due to infection/autoimmune disease or trauma, sensitization of tissues, structural changes, and injury. In the ICOP, orofacial neuropathic pain defined as pain attributed to lesions or disease of the cranial nerves. The distribution of the trigeminal and glossopharyngeal nerve was used to categorize the neuropathic pain in this classification. It means pain that is restricted to the distribution area of one of the sensory cranial nerves (i.e., the trigeminal and glossopharyngeal) with a history of trauma or disease that is known to cause nerve injury. In this classification, trigeminal nerve pain is subcategorized based on the underlying neuropathic condition, such as trigeminal neuralgia, which includes classical, secondary, and idiopathic types, whereas other forms of trigeminal neuropathic pain other than trigeminal neuralgia are subcategorized based on the underlying causes, which include herpes zoster, post-herpetic neuralgia, post-traumatic trigeminal neuropathic pain with a subcategory of probable post-traumatic trigeminal neuropathic pain, idiopathic neuropathic pain, and other disorders. Additionally, idiopathic orofacial pain is explained as unilateral or bilateral intra-oral or facial pain in the distribution(s) of one or more branches of the trigeminal nerve(s) for which the etiology is unknown. It includes burning mouth syndrome, persistent idiopathic facial pain, and PDAP. However, for precise diagnostic criteria and full content, description references are included [37].




2.2. Pathophysiology of Orofacial Neuropathic Pain


The research on orofacial neuropathic pain has progressed well in the last few decades. The results from experimental pain models, quantitative sensory testing (QST), questionnaires, skin and nerve biopsies, and functional imaging have provided further insights into the underlying pathology of orofacial neuropathic pain. So far, the research has suggested that lesions or diseases of afferent pathways are related to the development of orofacial neuropathic pain. In fact, imbalances between the excitatory and the inhibitory somatosensory systems, changes in ion balance, and glial cell activation all contribute to the formation of neuropathic pain [18]. Moreover, the data indicate that not one but several mechanisms can lead to either the initiation or the progression of orofacial neuropathic pain. Importantly, many of these mechanisms do not depend on the causes of the diseases [33]. It is proposed that the same mechanisms can be observed in different orofacial pain conditions and that different mechanisms might be involved in a single patient and could lead to the same symptoms. This indicates the complexity of neuropathic pain. Additionally, the complexity also highlights the clinical importance of identifying the underlying pain mechanisms in individual patients; this would help the clinician in developing a mechanism-based treatment approach which would eventually provide more successful pain management. It is worth mentioning that pain mechanisms can be identified by assessing the patients’ individuals signs and symptoms. The data available so far can help us to understand the associations between the symptoms and the suggested underlying mechanisms and neurobiology of orofacial neuropathic pain.The potential mechanisms contributing to orofacial neuropathic pain are as follows.



The mechanism of orofacial neuropathic pain is distinct from the nociceptive pain system. In nociceptive pain, the nociceptors at the tissue damage site activate unmyelinated C fiber and thin delta fibers, which carry impulses to the higher centers of the brain. In orofacial neuropathic pain, the process is altered, and peripheral nerve damage or lesion is usually evident in both the injured and the neighboring intact (uninjured) nociceptive afferents [38,39,40].



In neuropathic states, the pain can be spontaneous or paroxysmal shooting that occurs in the absence of any external stimulus. This is usually caused by ectopic impulse generation within the nociceptive pathways and the peripheral and central sensitization.



For instance, in trigeminal nerve injury an inflammatory response is elicited and mediators such as prostaglandins (PG), pro-inflammatory cytokines, and chemokines are elevated, and all of these contribute to pain perception via direct stimulation of the primary sensory neurons [41]. Nerve injury also causes an increase in the expression of several receptor proteins, including transient receptor potential V1 (TRPV1).



TRPV1 is a physiological receptor that is located on specific subtypes of peripheral nociceptive terminals activated by noxious heat. In cases of nerve lesions or injury, TRPV1 is downregulated on the injured nerve fibers but upregulated on the uninjured C fibers. If the threshold of TRPV1 is lowered, the additional sensitization to heat by intracellular signal transduction might lead to spontaneous nerve activity induced by normal body temperature [42,43,44], which is frequently observed in patients with orofacial neuropathic pain. Clinically, patients with such underlying pain mechanisms can also be characterized by the presence of heat hyperalgesia in addition to ongoing burning pain. Similarly, aberrant nerve responses and increased expression of TRPM8 receptors have been also identified in response to cold [44]. This could explain why orofacial neuropathic pain patients experience more discomfort when their body temperature varies more or less than usual.



There is another mechanism related to orofacial neuropathic pain that has been documented in the literature and which until now has been observed in patients with burning mouth syndrome. One neurotrophic factor derived from glial cell lines, artemin, was discovered to have upregulated mRNA expression. This upregulated artemin signaling has been linked to TRPV1 hyper-expressions in tongue nociceptors via the p38 mitogen-activated protein kinase phosphorylation, resulting in tongue hypersensitivity [45]. Furthermore, following nerve injury, many monocyte-derived macrophages are known to infiltrate at the nerve injury site. These blood-borne macrophages accumulate particularly around injured axons, caused by monocyte chemoattractant protein-1 (MCP-1) signaling, which modulates the development of neuropathy [46]. Moreover, the infiltration and proliferation of macrophages releases insulin-like growth factor-1 (IGF-1) via TRPV2, and increases in TRPV4 expressions in the trigeminal ganglion (TG) have been observed to be involved in mechanical hypersensitivity in patients with neuropathic pain [47].



Additionally, in the peripheral and central nerve lesions, activation of immune cells (microglia) and migration of macrophages into the neurons and the ganglion were observed to increase the sensitivity of pain receptors to pro-inflammatory cytokines and tumor necrosis alpha (TNF-alpha), respectively. The activated microglia also release a number of immune modulators in the CNS which contributes to the maintenance of neuropathic pain [48]. It has also been reported that voltage-gated sodium channels and other ion channels undoubtedly experience alterations that affect the excitability of the nociceptive nerves [49]. Furthermore, the increasing levels of mRNA for the voltage-gated sodium channels seem to correlate with ectopic activity, and the increased expression of sodium channels in the lesioned and intact fibers might lower the action potential threshold until the ectopic activity takes place [50,51]. Similar changes in the central lesions were noticed within second-order nociceptive neurons, leading to central neuropathic pain. These inflammatory processes, as well as other changes within the context of peripheral nerve endings, contribute to peripheral sensitization [52].



Similarly, the central sensitization can develop as a result of ectopic activity in the primary afferent nerve fibers and the structural damage in the CNS itself may not be necessarily involved [53]. The continuous discharge of peripheral afferent fibers causes the upregulation of mediators such as TNF-alpha, excitatory neurotransmitters, nerve growth factor, and neuropeptides, which may result in post-synaptic changes in the second-order nociceptive neurons via the phosphorylation of the NMDA and AMPA receptors or the expression of the voltage-gated sodium channels [54]. These changes induce neuronal hyperexcitability, which allows mechanosensitive A beta and A delta afferent fibers with low thresholds to activate the second-order nociceptive neurons [55,56,57]. This may help in understanding why normal innocuous tactile stimuli, such as light brushing on the skin, become painful. Patients with central pain have also been reported to have similar mechanisms, and more detailed outlines are provided in other articles [7,18,33,53,58].



Neurobiology of Orofacial Neuropathic Pain


Peripheral neuropathic pain is caused by damage to the peripheral nervous system, and its continuation relies on maladaptive processes within the central nervous system which occur as a result of changes in the sensory, emotional, and other neural networks. After trigeminal nerve injury, discharges in the primary afferent neurons are conveyed to the trigeminal spinal sub-nucleus caudalis (Vc) and the upper cervical nerve (C1–C2) via TG neurons, resulting in severe persistent pain [59,60]. The hyper-activation of TG, Vc, and C1–C2, in association with non-neuronal glial cells and macrophages, are thought to be involved in neuronal hyperexcitability. It is known that non-neuronal glial cells and macrophages generate a variety of cytokines, neurotrophic factors, and tumor necrosis factors in TG, Vc, and C1–C2 [61,62]. These neuron–non-neuronal cell communications are also considered to be involved in the accumulation of more macrophages, which further accelerate the spreading of the neuronal activation, resulting in persistent pain. It was also noticed that the satellite cells, microglial cells, and accumulated macrophages released various cytokines and caused further enhancement of un-injured TG neurons, resulting in the spreading of the activation of TG neurons. Furthermore, in the Vc and C1–C2 regions, the microglia–astrocyte interaction is thought to be involved in the spreading of the excitability of the nociceptive neurons [60,63,64]. The combined effect of all the intercellular complex connections leads to the persistence of chronic orofacial neuropathic pain following nerve injury.



Furthermore, the noxious information from the brain stem neurons is further conveyed to the higher CNS areas. The major areas which receive noxious inputs from the Vc and C1-C2 regions are the ventral posteromedial thalamic nucleus (VPM), the medial thalamic nuclei (MT), and the parabrachial nucleus (PBN). These areas are known to be involved in the processing of orofacial pathological pain [65]. It has recently been shown that these ascending pathways are functionally modulated after trigeminal nerve injury [66]. Moreover, potent inhibitory neurons, such as descending pathways originating in the brainstem, contribute to the modulation of pain processing. A loss of inhibitory GABAergic transmission was observed; this leads to exacerbation of the orofacial neuropathic pain [67,68]. The lesions that affect the descending pathways, such as the monoaminergic and opioid systems, also lead to pain exacerbation via disinhibition. Studies have also reported that the alteration of the thalamocortical pathway, as well as the hypoactivity of the thalamus, is associated with central neuropathic pain.Additionally, cognitive affective factors such as anxiety, depression, and cognitive reappraisal are critical to the shaping of the experience of chronic orofacial neuropathic pain [53]. However, it looks like there are multiple mechanisms involved in genesis of neuropathic pain and we still do not have an appropriate strategy to diagnose and treat this orofacial pain because the detailed mechanisms underlying the pathological pain associated with trigeminal nerve injury are not fully understood.





2.3. Assessment of Orofacial Neuropathic Pain


The orofacial complex comprises many hard and soft tissue structures, such as the sinuses, masticatory structures, teeth, gingiva, and others, which are innervated by the trigeminal system. Given this complexity of structures, it is hard for the clinician to diagnose orofacial neuropathic pain. It is important to note that neuropathic pain in the orofacial area presents different challenges in comparison the neuropathic pain in other regions of the body. According to the International Headache Society, the orofacial region’s anatomic limits and related medical demarcations are factors contributing to the issue [36,37]. Moreover, neuropathic pain symptoms can mimic odontogenic tooth ache and lead to incorrect diagnosis. For example, trigeminal neuralgia involving the mandibular nerve is the most common, and paroxysmal pain is often felt in the tooth. It can lead to the diagnosis of endodontic pain and unnecessary endodontic treatment [69]. Another reason is that when nerves in the orofacial regions are injured, neuropathic pain induces ectopic or extraterritorial pain (area outside the innervation territory). In addition, referred pain from adjacent structures can easily lead to the misdiagnosis of dental pain, which in turns results in needless irreversible dental procedures, such as pulpectomy or extraction [70]. Therefore, accurate assessment of the orofacial neuropathic pain is critical to avoid unnecessary dental treatment [71].



The diagnostic criteria for a range of orofacial neuropathic pain conditions have already been described in the ICOP [36,37]. A clinician must have a basic understanding of the diagnostic criteria in order to be likely to arrive at a specific orofacial neuropathic pain diagnosis. There is the possibility that patients may have multiple pain diagnoses, which affects their prognosis. Therefore, it is critical to conduct a detailed interview of the patients. The descriptive history should include the likely cause, location, quality, duration, frequency, and other pain descriptors, as well as the psychological, social, and medical history. In some cases, the history of third molar extractions, implant placement, root canal therapy, orthognathic surgery, facial fractures, viral infection, and stroke should be documented in order to reach a specific diagnosis of post-traumatic trigeminal neuropathy, post-herpetic neuralgia, and post-stroke pain [59]. This interview should be followed by a thorough clinical examination of the orofacial structures, including a dental, TMD, cervical, and cranial nerve examination.



It is also important to have valid diagnostic tools that differentiate between neuropathic pain and nociceptive pain. Patients with neuropathic pain often have areas of abnormal sensation and hypersensitivity in the affected area, which can be adjacent to or combined with other areas of sensory deficit. The signs are hypoaesthesia (reduced sensation of non-painful stimuli), hypoalgesia (reduced sensation of painful stimuli), paresthesia (skin crawling or tingling sensation), hyperalgesia (increased pain sensitivity to a nociceptive stimulus/pain from normally non-painful cold/heat/mechanical stimuli), allodynia (pain from normally non-painful light moving stimuli), spontaneous ongoing pain, and evoked shooting, electric shock-like situations. Other features, such as summation, which is the progressive worsening of pain evoked by slow repetitive stimulation with mildly noxious stimuli, can be also assessed.



For the assessment of a neuropathic region, a sensory examination may be performed. It includes mechanosensory tests that are responsive to light touch and temperature and painful and vibratory stimuli. These findings can be assessed by the clinician with gentle mechanical stimuli, such as strokes with a painters brush, cotton swab and gauze, pin pricks, stiff von Frey hair, and a cold/hot glass of water. The associated signs inducing autonomic changes must be assessed. Reflex assessment and quantitative sensory testing may be used aa additional methods for assessment. These sensory examinations would help the clinician to diagnose orofacial neuropathic pain and distinguish it from nociceptive pain. It is accepted that the assessment should be carried out in the area of pain, with the contralateral area as a control. Moreover, in orofacial neuropathic pain the distinction between the primary and secondary areas, which correspond to the tissue supplied by the damaged nerves and the area outside the innervation territory, should be assessed, respectively, as mechanical hypersensitivity often expands into the secondary area [18].



There are validated diagnostic screening tools available that can be used to differentiate between neuropathic pain and other pain dimensions. The McGill Pain Questionnaire, the Leeds Assessment of Neuropathic Symptoms and Signs (LANSS), the self-reported LANSS, the Neuropathic Pain Questionnaire (NPQ), the Douleur Neruropathique en 4 (DN4) questions, the PainDETECT questionnaire, and ID Pain are among them [17,72]. Previous studies reported that the DN4 and the NPQ were the most suitable for clinical use and might be used to assess the efficacy of the treatment response. Their sensitivity and specificity for chronic pain in the trigeminal system, however, are poor [73]. Other medical screening tests included hematology, glucose, creatinine, liver function test, renal function test, thyroid function, vitamin B12, serum protein immunoelectrophoresis, genetic testing, etc. Imaging techniques may also be required to exclude the local cause of nerve damage; usually, plane films and cone beam computed tomography (CBCT) and magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA) of brain imaging are needed if a central lesion is suspected.





3. Autophagy


Autophagy is an intracellular degradation process that is essential for balancing energy sources during development. This process also aids in the survival of cells in a stressful environment. Different autophagy responses, such as macro-autophagy, micro-autophagy, and chaperone-mediated autophagy, have been identified through molecular research. These responses all promote the proteolytic degradation of cytosolic components at the lysosome [74].



The primary regulated form of autophagy that responds to physiological and environmental signals is known as macro-autophagy. In this process, a portion of cytoplasm is engulfed by a thin membrane cistern known as the isolation membrane or phagophore, resulting in the formation of a double-membrane organelle called the autophagosome. Upon the fusion of the outer autophagosomal and the lysosomal membrane, the lysosomal enzymes degrade the inner autophagososmal membrane and the enclosed material. It is considered a non-selective process which is now known to break down specific contents such as damaged mitochondria (mitophagy), lysophagy (ruptured lysosomes), xenophagy (intracellular microbes), etc. Autophagy flux refers to the entire autophagy process, which represents the dynamic process of the autophagy from cargo sequestration to its degradation [22,25,75].



The macro-autophagy process involves the orchestrated action of multiple complex proteins encoded by autophagy-related genes (ATG) which were identified in yeast. These ATG proteins are divided into four subgroups: Atg1/unc-51-like kinase (ULK) complex, which regulates the initiation of autophagy; two ubiquitin-like proteins, Atg12 and the Atg8/microtubule-associated protein light chain 3 (LC3) conjugation systems, which aid in the elongation of the autophagy membrane; the class III phosphatidylinositol 3-kinase (PI3K)/Vps34 complex I involved at the early stage of the autophagosome membrane formation; and two trans brand proteins, Atg9/mAtg9 and VMP1, which contribute to the delivery of the membrane in forming an autophagosomes [25,76].



In general, the two main phases in the autophagy process are the induction of the autophagosome and the fusion of the autophagosome with lysosome. In response to insulting conditions, upstream factors, mainly Beclin-1, are activated, resulting in the formation of a phagophore. In the latter phases, the autophagy-related genes (ATGs; ATG-5,-12,-16L, and -7), along with other effectors, such as P62 and microtubule-associated protein 1A/1B-light chain 3 (LC3)-II, accelerate the formation of the autophagosomes. Subsequently, the fusion of the autophagosomes with lysosomes contributes to the formation of autophagolysosomes, which in turn recycles or effluxes the contents out of the host cell [22,77].



In micro-autophagy, the cytosolic components, such as proteins and organelles, are directly taken up by the lysosome itself via invagination of the lysosomal membrane. Macro- and micro-autophagy are capable of engulfing the large structures through both selective and non-selective methods [76].



Chaperone-mediated autophagy can assist the host cells in adapting to the insulting conditions by activating heat shock protein-70 (HSP70) and lysosome-associated membrane protein type-2A (LAMP2A) [22,75]. In this process, cytosolic chaperone heat shock cognate 70 kDa protein (HSc70) was found to recognize and bind a specific KFERQ-like pentapeptide motif, resulting in the selective delivery of single protein substrate to lysosomes. The chaperone–substrate complex binds to the cytosolic tail of LAMP-2A, causing it to assemble into a protein complex and then into a multimeric complex that mediates substrate translocation. After complete unfolding, the substrate enters the lysosomal matrix for degradation with the aid of luminal chaperones [78].



3.1. Autophagy in Orofacial Neuropathic Pain Formation


Autophagy is generally regulated by a variety of stresses, including reactive oxygen species (ROS), mitotoxicity, inflammation, and endoplasmic reticulum (ER) stress. The influence of these stresses on autophagy has been studied in the literature on neuropathic pain models [25]. From these studies, it is observed that ROS contribute to peripheral and central sensitization following nerve injury, resulting in neuropathic pain. ROS have been found to be unregulated in microglia, astrocytes, and spinal neurons in studies. Furthermore, blocking the mitochondrial electron chain reduces hyperalgesia in a range of neuropathic pain models [79,80]. Although neuropathic pain causes baseline activation of autophagy in response to ROS formation, a significant degree of ROS-mediated oxidative stress also aids in the replacement of damaged components with new healthy ones [81,82]. Overall, ROS have been shown to both positively and negatively regulate autophagy depending on the levels and context. Similarly, Mitochondrial dysfunction has been found to be a major mechanism underlying the neuronal dysfunction associated with peripheral neuropathies; however, its role in orofacial neuropathic pain has not been explored. Typically, mitochondrial dysfunction in neurons leads to disturbed neurotransmission, and defective autophagy signaling is known to be associated with neuropathic pain [28,83,84]. Hence, the identification of drugs which sustain the mitochondrial function and health could aid the search in finding a better therapeutic strategy, which might open new prospects in the treatment of orofacial neuropathic pain. Another stressor, ER stress, means the accumulation of unfolded proteins in cells. This is also considered to be involved in the induction and maintenance of neuropathic pain. However, more studies are needed to investigate the relationship of different stressors in orofacial neuropathic pain.



There are studies that show the dysfunction of autophagy in animal models of neuropathic pain. The data showed autophagy disruption in the spinal cord and an increase in the level of microtubule-associated protein 1 light chain 3 (LC3)-II, LC3-binding protein p62 and LC3, and Beclin 1. According to the literature, constitutive autophagy has a significant neuroprotective effect, while the dysregulation of autophagy can increase neuronal hyperexcitability and predispose to the development of neuropathic pain. It has also been observed that downregulation of the Atgs in neurons, as well as the accumulation of endoplasmic reticulum in the neuronal axons, may result in inefficient calcium-dependent excitatory nerve transmission. It can be assumed that after trigeminal nerve injury the stimulation of autophagy-related effectors in Schwann cells can compensate for the injury by engulfing the myelin debris associated with neuropathic pain. Similarly, animals studies have shown that in knockout Atg7 mice and Atg5-deficient mice, cellular death occurred in different brain regions, indicating protective role for brain parenchyma as well as the intracellular accumulation of P62-tagged (molecule that sensitized neurons) cytoplasmic inclusion bodies noticed in motor and sensory deficits with behavioral abnormalities. These findings imply that autophagy plays a crucial role in neuropathic pain and can be of particular importance for further research; however, its role in orofacial neuropathic pain has not been established yet [22,84,85,86]. [Figure 2].



Nearly all of the studies mentioned above that revealed an increase and decrease in autophagy are expressed in neuropathic animal models. Despite the contribution of ROS to neuropathic pain, which might upregulate autophagy, until now it is unclear what mechanisms cause the dysfunction of autophagy following neuropathic pain. Further investigations are needed to identify the status of autophagy in different neuropathic pain models specifically for orofacial neuropathic pain.




3.2. Therapeutic Potential of Autophagy in the Management of Orofacial Neuropathic Pain


According to the literature, it is clear to some degree that dysregulation of autophagy may participate in the process of neuropathic pain. Studies have documented that autophagy modulation in the DRG neurons can relive peripheral nerve pain and promote neuronal healing [25,30]. A recent study observed that the synthesis of nerve growth factor substantially accelerates debris clearance and enhances axonal regeneration through the stimulation of autophagy [86]. Correspondingly, in order to reduce the pain behavior in animal models of neuropathic pain, researchers have used drugs, inhibitors that affect autophagy. However, in orofacial pain models the modulation of pain via stimulating autophagy is yet to be explored. In this section, we are discussing the major agents used to alleviate neuropathic pain by controlling the autophagy.



3.2.1. Rapamycin


The mTOR inhibitor rapamycin is commonly used in vivo to promote autophagy. It has been observed that rapamycin is effective in the management of neuropathic pain. The neuroprotective effects of rapamycin are typically mediated by the restoration of the autophagy–lysosomal pathway. It is presumed from the studies that the intrathecal injection of rapamycin can reduce thermal hyperalgesia and mechanical allodynia in rodents. Some studies reported that rapamycin can have anti-inflammatory effects, facilitate nerve regeneration, and prevent pain chronification [87]. The results of certain studies indicated a favorable link between the expression of neurofilament (NF)-200 and myelin basic protein (MBP), which participate in major axonal projections and myelination, respectively, [88] and an autophagy induction by rapamycin. In parallel with these findings, autophagy exerts neuroprotective effects on peripheral nerve and motor function recovery [89]. In addition to autophagy, rapamycin is also known to affect other cellular functions, such as protein synthesis, cell proliferation, and immune responses. However, the effectiveness of rapamycin so far has been explored in peripheral nerve injury or lesions, not in central nerve injury-induced neuropathic pain, which can be an area of future research.




3.2.2. RNA Agents


RNA agents, including microRNA and siRNA, have also been used in studies to regulate pain processing in a wide range of experimental models. MicroRNAs (miRNAs) are non-coding single-stranded RNA of 19–24 nucleotides that mediate post-transcriptional gene silencing to regulate gene expressions and promote microglia activation [90,91,92]. It is documented that MiR-145 injection at the DRG has been shown to alleviate allodynia and thermal hyperalgesia [93]. Another study reported that miR-183 can suppress neuropathic pain and AMPA receptors by inhibiting the mTOR/vascular endothelial growth factor (VEGF) pathway in rodents [94]. It has been demonstrated that miRNAs can be used as potential targets for therapeutic interventions in patients with neuropathic pain.



Other major agents, such as melatonin, have been shown to reduce neuronal excitability in a subpopulation of DRG neurons. They also improve neurological deficits in rodents by increasing the autophagy pathway in peripheral nerves and the DRG. Similarly, progranulin, which is expressed in neurons and microglia, can improve autophagy and pain behavior in the injured nerves [95]. Another agent, chloroquine, which is an autophagy inhibitor, acts by inhibiting lysosomal proteases and autophagosome lysosomal fusion events and has been shown to be involved in pain processing [96].



However, in all the above studies different experimental models have used. The role of autophagy has not been explored in orofacial neuropathic pain models. The progress in assessing the role of autophagy in human diseases and their treatment relies heavily on the development of methods for monitoring autophagy activity in humans. More studies are needed to understand and assess the role of autophagy in the modulation of orofacial neuropathic pain in experimental models and humans (Figure 3).





3.3. Overview on the Management of Orofacial Neuropathic Pain


The management of orofacial neuropathic pain is challenging as many patients do not experience adequate relief in pain, as determined from the clinical trial outcomes. Ineffective interventions continue to be hampered by the lack of an understanding of the physiological basis of orofacial neuropathic pain. This ineffectiveness could also be due to the heterogeneity of neuropathic pain mechanisms as well as the frequently coexisting psychological and emotional aspects of chronic pain. In the treatment plan, patients should first be educated, including by information on orofacial neuropathic pain and treatment options. When beginning symptomatic treatment, potential drug side effects, drug interactions, and the importance of being compliant with the medications should all be addressed. Unrealistic patient expectations should be avoided, and patients should be informed about realistic treatment goals which might result in either partial or complete pain relief. In addition to pain, sleep disturbances, and coexisting anxiety depression which might hinder pain management should be identified and targeted for specific treatment. Hence, an interdisciplinary therapeutic approach, including pharmacological and non-pharmacological treatment regimes, such as cognitive behavioral therapy, psychological therapy, behavioral therapy, physical and occupational therapy, acupuncture, stress management, relaxation techniques, mindfulness, yoga, and Tai Chi should be taken into account, based on the previous literature [17,18].



In pharmacological approaches, the topical medications that are applied orally to the injured or sensitive site and are used in conjunction with a neurosensory stent have proven to provide adequate comfort to the patients. Locally acting drugs have an advantage over centrally acting drugs in that they are less likely to induce systemic side effects; they interact less with other medications and can provide faster relief. Moreover, the discontinuation of systemic drugs can result in side effects which are less common with topical medications. In general, topical medications are used to treat peripheral targets such as post-traumatic trigeminal neuropathy, which involves peripheral sensitization.



Topical lidocaine has been shown in studies to desensitize the peripheral ectopic generator in patients with trigeminal neuralgia and post-herpetic neuralgia. Typically, 5% lidocaine patches provide excellent relief from allodynia in patients with slight sensory loss, but not in those with profound sensory loss [97]. Another topical medication, capsaicin (Zostrix 0.025–0.075%), was found to be effective in patients complaining of a burning sensation, which acts by depleting the substance P in C-fiber primary afferents, thereby reducing the peripheral noxious inputs. A combination of capsaicin and Orabase (a paste containing 16.7% gelatin, 16.7% pectin, and carboxymethylcellulose sodium 16.7%) was also found to be effective in the treatment of orofacial neuropathic pain [98]. When sympathetic involvement is suspected, clonidine can be added to the formulation, which suppresses the norepinephrine release from the sympathetic terminals [99]. In addition, clinicians have applied a formulation containing 2% amitriptyline and 1% ketamine and noted an analgesic effect in orofacial neuropathic pain [100].



For severe pain, a combination of systemic and topical medications is often required. According to the Neuropathic Pain Special Interest Group (NeuPSIG) of the International Association for the Study of Pain (IASP), the drugs with a moderate to high quality of evidence and strong recommendations included tricyclic antidepressants (TCA), gabapentin, pregabalin, and serotonin noradrenaline reuptake inhibitors (SNRI: duloxetine and venlafaxine). These are first-line medications for orofacial neuropathic pain. TCAs and SNRI inhibit the pre-synaptic re-uptake of serotonin and noradrenaline, and their analgesic effects are thought to be due to the activation of a descending pathway at the spinal and supra spinal sites, though peripheral mechanisms are also suggested to be involved, while the gabapentin and pregablin analgesic actions are due to the inhibition of the voltage-gated calcium channels and the reduced activity-dependent calcium signaling; thereby, they inhibit the excitatory transmitter release and reduce neuronal hyperexcitability. Other actions, such as an effect on glia cells and an expression of pro-inflammatory cytokines, may also be involved. These recommendations were published in the literature based on the systematic review and meta-analysis of the published and unpublished randomized controlled double-blind trials [17,18,33,59,70,101]. Capsaicin 8% (acts on TRPV1), lidocaine patches (blocks voltage-gated sodium channels), and botulinum toxin injection A for peripheral neuropathic pain only received a weak recommendation. The precise mechanism of the botulinum toxin injection in the periphery is not known, but it is suggested to be involved in reducing inflammation, inhibiting neuropeptide and neurotransmitter release from primary afferents, reducing sodium and TRPV1 activity, or the central effects via retrograde transport. There was inconclusive evidence for the sodium channel blockers carbamazepine, lacosamide, and lamotrigine, but these medications are effective in the subgroups of orofacial neuropathic pain, such as trigeminal neuralgia. Opioid analgesics are agonists at the presynaptic and postsynaptic opioid receptors. Efficacy has been reported in several randomized, controlled trials in different peripheral and central neuropathic pain disorders. Tramadol inhibits serotonin and norepinephrine reuptake and can therefore interact with serotoninergic drugs (selective norepinephrine reuptake inhibitors and selective serotonin reuptake inhibitors), causing a serotonin syndrome. Opioids have comparable analgesic efficacy in TCA but long-term side effects, physical dependency, misuse, or abuse limit its use in patients with non-cancer neuropathic pain [18,33,59].



Despite the evidence for the efficacy of drugs with different mechanisms, many patients noticed side effects and did not obtain adequate pain relief at a tolerated dose. In such cases, if one drug is only partially effective a combination therapy may be used. In refractory cases, spinal drug administration or neuromodulation may be considered; however, there is little evidence observed from the randomized clinical trials. With similar low evidence, transcutaneous electrical stimulation is commonly used as a non-invasive interventional therapy in patients with neuropathic pain. Neural blockade, sympathetic nerve block, and epidural blocks are also recommended for patients with post-herpetic neuralgia, other subgroups of orofacial neuropathic pain, and complex regional pain syndrome. Unfortunately, orofacial neuropathic pain is considered refractory to most available treatments, likely because treatment is offered after pain has already developed. It is possible that irreversible neuronal damage has already occurred, limiting the therapeutic potential. Therefore, early preventive strategies to mitigate orofacial neuropathic pain may be needed.





4. Conclusions


This review outlined various types of orofacial neuropathic pain conditions as well as diverse clinical features, demonstrating that there are multiple factors other than nerve lesions that contribute to chronic pain manifestation. Despite ongoing research on the mechanisms underlying the neuropathic pain, the findings in this review show basic pathology associated with trigeminal nerve injury and nerve lesions. Additional screening methods for orofacial neuropathic pain are discussed. These methods will assist clinicians in making a proper diagnosis and comprehending the disorder. The present review also describes the crucial area of research in neuropathic pain as autophagy. We discussed new insights into the role of autophagy in orofacial neuropathic pain, including the types and how autophagy is regulated by diverse stresses in neuropathic formation. Though previous studies have investigated autophagy in neuropathic pain, more credible data describing the autophagy dysfunction and its role in modulation of neuropathic pain need to be explored. So far, the role of autophagy in the modulation of neuropathic pain is studied in experimental models but human studies are needed. We also provide drug inhibitors which modulate autophagy and are capable of preventing the neuropathic pain and its chronification in experimental models. Future studies are needed to mitigate the issues of the unclear cellular and molecular mechanisms which induce the dysfunction of autophagy. Research needs to be undertaken to introduce more effective management options for orofacial neuropathic pain patients. The development and validation of biomarkers might help to identify the patients who are at more risk of orofacial neuropathic pain and who therefore might benefit from pharmacological or non-pharmacological strategies. This paper raises the prospects that soon we will be able to target the orofacial neuropathic pain conditions with new approaches, which will enhance the patient prognosis.







Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



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. Chronic pain as a symptom or a disease: The IASP Classification of Chronic Pain for the International Classification of Diseases (ICD-11). Pain 2019, 160, 19–27. [Google Scholar] [CrossRef] [PubMed]

	



Shrivastava, M.; Battaglino, R.; Ye, L. A comprehensive review on biomarkers associated with painful temporomandibular disorders. Int. J. Oral Sci. 2021, 13, 23. [Google Scholar] [CrossRef] [PubMed]

	



Cohen, S.P.; Vase, L.; Hooten, W.M. Chronic pain: An update on burden, best practices, and new advances. Lancet 2021, 397, 2082–2097. [Google Scholar] [CrossRef] [PubMed]

	



Dahlhamer, J.; Lucas, J.; Zelaya, C.; Nahin, R.; Mackey, S.; DeBar, L.; Kerns, R.; Von Korff, M.; Porter, L.; Helmick, C. Prevalence of Chronic Pain and High-Impact Chronic Pain Among Adults—United States, 2016. MMWR Morb. Mortal. Wkly. Rep. 2018, 67, 1001–1006. [Google Scholar] [CrossRef]

	



Haggman-Henrikson, B.; Liv, P.; Ilgunas, A.; Visscher, C.M.; Lobbezoo, F.; Durham, J.; Lövgren, A. Increasing gender differences in the prevalence and chronification of orofacial pain in the population. Pain 2020, 161, 1768–1775. [Google Scholar] [CrossRef]

	



Pogatzki-Zahn, E.M.; Segelcke, D.; Schug, S.A. Postoperative pain—From mechanisms to treatment. Pain Rep. 2017, 2, e588. [Google Scholar] [CrossRef]

	



Cohen, S.P.; Mao, J. Neuropathic pain: Mechanisms and their clinical implications. BMJ 2014, 348, f7656. [Google Scholar] [CrossRef]

	



Meints, S.; Edwards, R. Evaluating psychosocial contributions to chronic pain outcomes. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2018, 87, 168–182. [Google Scholar] [CrossRef]

	



Edwards, R.R.; Dworkin, R.H.; Sullivan, M.D.; Turk, D.C.; Wasan, A.D. The Role of Psychosocial Processes in the Development and Maintenance of Chronic Pain. J. Pain 2016, 17, T70–T92. [Google Scholar] [CrossRef]

	



Samoborec, S.; Ruseckaite, R.; Ayton, D.; Evans, S. Biopsychosocial factors associated with non-recovery after a minor transport-related injury: A systematic review. PLoS ONE 2018, 13, e0198352. [Google Scholar] [CrossRef]

	



Finnerup, N.B.; Haroutounian, S.; Kamerman, P.; Baron, R.; Bennett, D.L.; Bouhassira, D.; Cruccu, G.; Freeman, R.; Hansson, P.; Nurmikko, T.; et al. Neuropathic pain: An updated grading system for research and clinical practice. Pain 2016, 157, 1599–1606. [Google Scholar] [CrossRef]

	



Saavedra-Hernández, M.; Castro-Sánchez, A.M.; Cuesta-Vargas, A.I.; Cleland, J.A.; Fernández-de-las-Peñas, C.; Arroyo-Morales, M. The contribution of previous episodes of pain, pain intensity, physical impairment, and pain-related fear to disability in patients with chronic mechanical neck pain. Am. J. Phys. Med. Rehabil 2012, 91, 1070–1076. [Google Scholar] [CrossRef]

	



Spahr, N.; Hodkinson, D.; Jolly, K.; Williams, S.; Howard, M.; Thacker, M. Distinguishing between nociceptive and neuropathic components in chronic low back pain using behavioural evaluation and sensory examination. Musculoskelet. Sci. Pract. 2016, 27, 40–48. [Google Scholar] [CrossRef]

	



Fitzcharles, M.-A.; Cohen, S.P.; Clauw, D.J.; Littlejohn, G.; Usui, C.; Häuser, W. Nociplastic pain: Towards an understanding of prevalent pain conditions. Lancet 2021, 397, 2098–2110. [Google Scholar] [CrossRef]

	



DiBonaventura, M.D.; Sadosky, A.; Concialdi, K.; Hopps, M.; Kudel, I.; Parsons, B.; Cappelleri, J.C.; Hlavacek, P.; Alexander, A.H.; Stacey, B.R.; et al. The prevalence of probable neuropathic pain in the US: Results from a multimodal general-population health survey. J. Pain Res. 2017, 10, 2525–2538. [Google Scholar] [CrossRef] [PubMed]

	



Van Hecke, O.; Austin, S.K.; Khan, R.A.; Smith, B.H.; Torrance, N. Neuropathic pain in the general population: A systematic review of epidemiological studies. Pain 2014, 155, 654–662, Erratum in Pain 2014, 155, 1907. [Google Scholar] [CrossRef]

	



Renton, T. Chronic orofacial pain. Oral Dis. 2017, 23, 566–571. [Google Scholar] [CrossRef]

	



Baron, R.; Binder, A.; Wasner, G. Neuropathic pain: Diagnosis, pathophysiological mechanisms, and treatment. Lancet Neurol. 2010, 9, 807–819. [Google Scholar] [CrossRef]

	



Ma, Z.; Han, Q.; Wang, X.; Ai, Z.-S.; Zheng, Y. Galectin-3 Inhibition Is Associated with Neuropathic Pain Attenuation after Peripheral Nerve Injury. PLoS ONE 2016, 11, e0148792. [Google Scholar] [CrossRef]

	



Rangaraju, S.; Verrier, J.D.; Madorsky, I.; Nicks, J.; Dunn Jr, W.A.; Notterpek, L. Rapamycin activates autophagy and improves myelination in explant cultures from neuropathic mice. J. Neurosci. 2010, 30, 11388–11397. [Google Scholar] [CrossRef]

	



Bar-Yosef, T.; Damri, O.; Agam, G. Dual Role of Autophagy in Diseases of the Central Nervous System. Front. Cell. Neurosci. 2019, 13, 196. [Google Scholar] [CrossRef] [PubMed]

	



Bagi, H.M.; Ahmadi, S.; Tarighat, F.; Rahbarghazi, R.; Soleimanpour, H. Interplay between exosomes and autophagy machinery in pain management: State of the art. Neurobiol. Pain 2022, 12, 100095. [Google Scholar] [CrossRef] [PubMed]

	



Kulkarni, V.V.; Maday, S. Compartment-specific dynamics and functions of autophagy in neurons. Dev. Neurobiol. 2018, 78, 298–310. [Google Scholar] [CrossRef] [PubMed]

	



Lüningschrör, P.; Sendtner, M. Autophagy in the presynaptic compartment. Curr. Opin. Neurobiol. 2018, 51, 80–85. [Google Scholar] [CrossRef]

	



Liu, X.; Zhu, M.; Ju, Y.; Li, A.; Sun, X. Autophagy dysfunction in neuropathic pain. Neuropeptides 2019, 75, 41–48. [Google Scholar] [CrossRef]

	



Lüningschrör, P.; Binotti, B.; Dombert, B.; Heimann, P.; Perez-Lara, A.; Slotta, C.; Thau-Habermann, N.; von Collenberg, C.R.; Karl, F.; Damme, M.; et al. Plekhg5-regulated autophagy of synaptic vesicles reveals a pathogenic mechanism in motoneuron disease. Nat. Commun. 2017, 8, 678. [Google Scholar] [CrossRef]

	



Marinelli, S.; Nazio, F.; Tinari, A.; Ciarlo, L.; D’Amelio, M.; Pieroni, L.; Vacca, V.; Urbani, A.; Cecconi, F.; Malorni, W.; et al. Schwann cell autophagy counteracts the onset and chronification of neuropathic pain. Pain 2014, 155, 93–107. [Google Scholar] [CrossRef]

	



Guo, J.-S.; Jing, P.-B.; Wang, J.-A.; Zhang, R.; Jiang, B.-C.; Gao, Y.-J.; Zhang, Z.-J. Increased autophagic activity in dorsal root ganglion attenuates neuropathic pain following peripheral nerve injury. Neurosci. Lett. 2015, 599, 158–163. [Google Scholar] [CrossRef]

	



Jang, S.Y.; Shin, Y.K.; Park, S.Y.; Park, J.Y.; Lee, H.J.; Yoo, Y.H.; Kim, J.K.; Park, H.T. Autophagic myelin destruction by schwann cells during wallerian degeneration and segmental demyelination. Glia 2016, 64, 730–742. [Google Scholar] [CrossRef]

	



Liao, M.-F.; Lu, K.-T.; Hsu, J.-L.; Lee, C.-H.; Cheng, M.-Y.; Ro, L.-S. The Role of Autophagy and Apoptosis in Neuropathic Pain Formation. Int. J. Mol. Sci. 2022, 23, 2685. [Google Scholar] [CrossRef]

	



Brosius Lutz, A.; Chung, W.S.; Sloan, S.A.; Carson, G.A.; Zhou, L.; Lovelett, E.; Posada, S.; Zuchero, J.B.; Barres, B.A. Schwann cells use TAM receptor-mediated pha-gocytosis in addition to autophagy to clear myelin in a mouse model of nerve injury. Proc. Natl. Acad. Sci. USA 2017, 114, E8072–E8080. [Google Scholar] [CrossRef]

	



Gomez-Sanchez, J.A.; Carty, L.; Iruarrizaga-Lejarreta, M.; Palomo-Irigoyen, M.; Varela-Rey, M.; Griffith, M.; Hantke, J.; Macias-Camara, N.; Azkargorta, M.; Aurrekoetxea, I.; et al. Schwann cell autophagy, myelinophagy, initiates myelin clearance from injured nerves. J. Cell Biol. 2015, 210, 153–168. [Google Scholar] [CrossRef]

	



Finnerup, N.B.; Kuner, R.; Jensen, T.S. Neuropathic Pain: From Mechanisms to Treatment. Physiol. Rev. 2021, 101, 259–301. [Google Scholar] [CrossRef]

	



Woolf, C.J.; Bennett, G.J.; Doherty, M.; Dubner, R.; Kidd, B.; Koltzenburg, M.; Lipton, R.; Loeser, J.D.; Payne, R.; Torebjork, E. Towards a mechanism-based classification of pain? Pain 1998, 77, 227–229. [Google Scholar] [CrossRef]

	



Scholz, J.; Finnerup, N.B.; Attal, N.; Aziz, Q.; Baron, R.; Bennett, M.I.; Benoliel, R.; Cohen, M.; Cruccu, G.; Davis, K.D.; et al. The IASP classification of chronic pain for ICD-11: Chronic neuropathic pain. Pain 2019, 160, 53–59. [Google Scholar] [CrossRef]

	



International Classification of Orofacial Pain, 1st edition (ICOP). Cephalalgia 2020, 40, 129–221. [CrossRef]

	



Pigg, M.; Nixdorf, D.R.; Law, A.S.; Renton, T.; Sharav, Y.; Baad-Hansen, L.; List, T. New International Classification of Orofacial Pain: What Is in It for Endodontists? J. Endod. 2020, 47, 345–357. [Google Scholar] [CrossRef]

	



Amir, R.; Kocsis, J.D.; Devor, M. Multiple interacting sites of ectopic spike electrogenesis in primary sensory neurons. J. Neurosci. 2005, 25, 2576–2585. [Google Scholar] [CrossRef]

	



Wu, G.; Ringkamp, M.; Murinson, B.B.; Pogatzki, E.M.; Hartke, T.V.; Weerahandi, H.M.; Campbell, J.N.; Griffin, J.W.; Meyer, R.A. Degeneration of myelinated efferent fibers induces spontaneous activity in uninjured C-fiber afferents. J. Neurosci. 2002, 22, 7746–7753. [Google Scholar] [CrossRef]

	



Bostock, H.; Campero, M.; Serra, J.; Ochoa, J.L. Temperature-dependent double spikes in C-nociceptors of neuropathic pain patients. Brain 2005, 128, 2154–2163. [Google Scholar] [CrossRef]

	



Matsuda, M.; Huh, Y.; Ji, R.-R. Roles of inflammation, neurogenic inflammation, and neuroinflammation in pain. J. Anesth. 2019, 33, 131–139. [Google Scholar] [CrossRef] [PubMed]

	



Caterina, M.J.; Julius, D. The vanilloid receptor: A molecular gateway to the pain pathway. Annu. Rev. Neurosci. 2001, 24, 487–517. [Google Scholar] [CrossRef] [PubMed]

	



Ma, W.; Zhang, Y.; Bantel, C.; Eisenach, J.C. Medium and large injured dorsal root ganglion cells increase TRPV-1, accompanied by increased alpha2C-adrenoceptor co-expression and functional inhibition by clonidine. Pain 2005, 113, 386–394. [Google Scholar] [CrossRef] [PubMed]

	



Serra, J.; Solà, R.; Quiles, C.; Casanova-Molla, J.; Pascual, V.; Bostock, H.; Valls-Solé, J. C-nociceptors sensitized to cold in a patient with small-fiber neuropathy and cold allodynia. Pain 2009, 147, 46–53. [Google Scholar] [CrossRef]

	



Shinoda, M.; Takeda, M.; Honda, K.; Maruno, M.; Katagiri, A.; Satoh-Kuriwada, S.; Shoji, N.; Tsuchiya, M.; Iwata, K. Involvement of peripheral artemin signaling in tongue pain: Possible mechanism in burning mouth syndrome. Pain 2015, 156, 2528–2537. [Google Scholar] [CrossRef]

	



Kanamori, H.; Matsubara, T.; Mima, A.; Sumi, E.; Nagai, K.; Takahashi, T.; Abe, H.; Iehara, N.; Fukatsu, A.; Okamoto, H.; et al. Inhibition of MCP-1/CCR2 pathway ameliorates the development of diabetic nephropathy. Biochem. Biophys. Res. Commun. 2007, 360, 772–777. [Google Scholar] [CrossRef]

	



Liu, T.; van Rooijen, N.; Tracey, D.J. Depletion of macrophages reduces axonal degeneration and hyperalgesia following nerve injury. Pain 2000, 86, 25–32. [Google Scholar] [CrossRef]

	



Chu, L.W.; Cheng, K.I.; Chen, J.Y.; Cheng, Y.C.; Chang, Y.C.; Yeh, J.L.; Hsu, J.H.; Dai, Z.K.; Wu, B.N. Loganin prevents chronic constriction injury-provoked neuropathic pain by reducing TNF-alpha/IL-1beta-mediated NF-kappaB activation and Schwann cell de-myelination. Phytomedicine 2000, 67, 153166. [Google Scholar] [CrossRef]

	



Lai, J.; Hunter, J.C.; Porreca, F. The role of voltage-gated sodium channels in neuropathic pain. Curr. Opin. Neurobiol. 2003, 13, 291–297. [Google Scholar] [CrossRef]

	



Black, J.A.; Nikolajsen, L.; Kroner, K.; Jensen, T.S.; Waxman, S.G. Multiple sodium channel isoforms and mitogen-activated protein kinases are present in painful human neuromas. Ann. Neurol. 2008, 64, 644–653. [Google Scholar] [CrossRef]

	



Siqueira, S.R.; Alves, B.; Malpartida, H.M.; Teixeira, M.J.; Siqueira, J.T. Abnormal expression of voltage-gated sodium channels Nav1.7, Nav1.3 and Nav1.8 in trigeminal neuralgia. Neuroscience 2009, 164, 573–577. [Google Scholar] [CrossRef] [PubMed]

	



Hains, B.C.; Waxman, S.G. Sodium channel expression and the molecular pathophysiology of pain after SCI. Prog. Brain Res. 2007, 161, 195–203. [Google Scholar]

	



Meacham, K.; Shepherd, A.; Mohapatra, D.P.; Haroutounian, S. Neuropathic Pain: Central vs. Peripheral Mechanisms. Curr. Pain Headache Rep. 2017, 21, 28. [Google Scholar] [CrossRef]

	



Ultenius, C.; Linderoth, B.; Meyerson, B.A.; Wallin, J. Spinal NMDA receptor phosphorylation correlates with the presence of neuropathic signs following peripheral nerve injury in the rat. Neurosci. Lett. 2006, 399, 85–90. [Google Scholar] [CrossRef]

	



Hains, B.C.; Saab, C.Y.; Klein, J.P.; Craner, M.J.; Waxman, S.G. Altered sodium channel expression in second-order spinal sensory neurons contributes to pain after peripheral nerve injury. J. Neurosci. 2004, 24, 4832–4839. [Google Scholar] [CrossRef]

	



Finnerup, N.B.; Jensen, T.S. Spinal cord injury pain—Mechanisms and treatment. Eur. J. Neurol. 2004, 11, 73–82. [Google Scholar] [CrossRef]

	



Ducreux, D.; Attal, N.; Parker, F.; Bouhassira, D. Mechanisms of central neuropathic pain: A combined psychophysical and fMRI study in syringomyelia. Brain 2006, 128, 963–976. [Google Scholar] [CrossRef]

	



Wasner, G.; Lee, B.B.; Engel, S.; McLachlan, E. Residual spinothalamic tract pathways predict development of central pain after spinal cord injury. Brain 2008, 131, 2387–2400. [Google Scholar] [CrossRef]

	



Shinoda, M.; Imamura, Y.; Hayashi, Y.; Noma, N.; Okada-Ogawa, A.; Hitomi, S.; Iwata, K. Orofacial Neuropathic Pain-Basic Research and Their Clinical Relevancies. Front. Mol. Neurosci. 2021, 14, 121. [Google Scholar] [CrossRef]

	



Dubner, R.; Ren, K. Brainstem mechanisms of persistent pain following injury. J. Orofac. Pain 2004, 18, 299–305. [Google Scholar]

	



Liu, X.-J.; Liu, T.; Chen, G.; Wang, B.; Yu, X.-L.; Yin, C.; Ji, R.-R. TLR signaling adaptor protein MyD88 in primary sensory neurons contributes to persistent inflammatory and neuropathic pain and neuroinflammation. Sci. Rep. 2016, 6, 28188. [Google Scholar] [CrossRef] [PubMed]

	



Ristoiu, V. Contribution of macrophages to peripheral neuropathic pain pathogenesis. Life Sci. 2013, 93, 870–881. [Google Scholar] [CrossRef] [PubMed]

	



Shibuta, K.; Suzuki, I.; Shinoda, M.; Tsuboi, Y.; Honda, K.; Shimizu, N.; Sessle, B.J.; Iwata, K. Organization of hyperactive microglial cells in trigeminal spinal subnucleus caudalis and upper cervical spinal cord associated with orofacial neuropathic pain. Brain Res. 2012, 1451, 74–86. [Google Scholar] [CrossRef]

	



Asano, S.; Hayashi, Y.; Iwata, K.; Okada-Ogawa, A.; Hitomi, S.; Shibuta, I.; Imamura, Y.; Shinoda, M. Microglia—Astrocyte Communication via C1q Contributes to Orofacial Neuropathic Pain Associated with Infraorbital Nerve Injury. Int. J. Mol. Sci. 2020, 21, 6834. [Google Scholar] [CrossRef]

	



Saito, H.; Katagiri, A.; Okada, S.; Mikuzuki, L.; Kubo, A.; Suzuki, T.; Ohara, K.; Lee, J.; Gionhaku, N.; Iinuma, T.; et al. Ascending projections of nociceptive neurons from trigeminal subnucleus caudalis: A population approach. Exp. Neurol. 2007, 293, 124–136. [Google Scholar] [CrossRef]

	



Okada, S.; Katagiri, A.; Saito, H.; Lee, J.; Ohara, K.; Iinuma, T.; Bereiter, D.A.; Iwata, K. Differential activation of ascending noxious pathways associated with trigeminal nerve injury. Pain 2019, 160, 1342–1360. [Google Scholar] [CrossRef]

	



Okada-Ogawa, A.; Nakaya, Y.; Imamura, Y.; Kobayashi, M.; Shinoda, M.; Kita, K.; Sessle, B.J.; Iwata, K. Involvement of medullary GABAergic system in extraterritorial neuropathic pain mechanisms associated with inferior alveolar nerve transection. Exp. Neurol. 2015, 267, 42–52. [Google Scholar] [CrossRef]

	



Okada-Ogawa, A.; Suzuki, I.; Nakaya, Y.; Kobayashi, M.; Ebihara, K.; Imamura, Y.; Iwata, K. Involvement of GABAergic interneurons in orofacial neuropathic pain following trigeminal nerve transection in rats. PAIN Res. 2013, 28, 33–41. [Google Scholar] [CrossRef]

	



Antonaci, F.; Arceri, S.; Rakusa, M.; Mitsikostas, D.D.; Milanov, I.; Todorov, V.; Ramusino, M.C.; Costa, A. Pitfals in recognition and management of trigeminal neuralgia. J. Headache Pain 2020, 21, 82. [Google Scholar] [CrossRef]

	



Christoforou, J. Neuropathic Orofacial Pain. Dent. Clin. N. Am. 2018, 62, 565–584. [Google Scholar] [CrossRef]

	



Baad-Hansen, L.; Benoliel, R. Neuropathic orofacial pain: Facts and fiction. Cephalalgia 2017, 37, 670–679. [Google Scholar] [CrossRef] [PubMed]

	



Elias, L.A.; Yilmaz, Z.; Smith, J.G.; Bouchiba, M.; van der Valk, R.A.; Page, L.; Barker, S.; Renton, T. PainDETECT: A suitable screening tool for neuropathic pain in patients with painful post-traumatic trigeminal nerve injuries? Int. J. Oral. Maxillofac. Surg. 2014, 43, 120–126. [Google Scholar] [CrossRef]

	



Mathieson, S.; Maher, C.G.; Terwee, C.B.; Folly de Campos, T.; Lin, C.W. Neuropathic pain screening questionnaires have limited measurement properties. A systematic review. J. Clin. Epidemiol. 2015, 68, 957–966. [Google Scholar] [CrossRef]

	



Wu, J.; Lipinski, M.M. Autophagy in Neurotrauma: Good, Bad, or Dysregulated. Cells 2019, 8, 693. [Google Scholar] [CrossRef]

	



Glick, D.; Barth, S.; MacLeod, K.F. Autophagy: Cellular and molecular mechanisms. J. Pathol. 2010, 221, 3–12. [Google Scholar] [CrossRef]

	



Xie, Z.; Klionsky, D.J. Autophagosome formation: Core machinery and adaptations. Nat. Cell Biol. 2007, 9, 1102–1109. [Google Scholar] [CrossRef]

	



Herpin, A.; Lescat, L.; Bobe, J.; Jenny, A.; Seiliez, I. Lighting chaperone-mediated autophagy (CMA) evolution with an ancient LAMP: The existence of a functional CMA activity in fish. Autophagy 2000, 16, 1918–1920. [Google Scholar] [CrossRef]

	



Xilouri, M.; Stefanis, L. Chaperone mediated autophagy to the rescue: A new-fangled target for the treatment of neurodegenerative diseases. Mol. Cell. Neurosci. 2015, 66, 29–36. [Google Scholar] [CrossRef]

	



Chu, C.; Levine, E.; Gear, R.W.; Bogen, O.; Levine, J.D. Mitochondrial dependence of nerve growth factor-induced mechanical hyperalgesia. Pain 2011, 152, 1832–1837. [Google Scholar] [CrossRef]

	



Ferrari, L.F.; Levine, J.D. Alcohol consumption enhances antiretroviral painful peripheral neuropathy by mitochon-drial mechanisms. Eur. J. Neurosci. 2010, 32, 811–818. [Google Scholar] [CrossRef]

	



Ma, X.H.; Piao, S.F.; Dey, S.; McAfee, Q.; Karakousis, G.; Villanueva, J.; Hart, L.S.; Levi, S.; Hu, J.; Zhang, G.; et al. Targeting ER stress-induced autophagy overcomes BRAF inhibitor resistance in melanoma. J. Clin. Investig. 2014, 124, 1406–1417. [Google Scholar] [CrossRef] [PubMed]

	



Melendez, A.; Neufeld, T.P. The cell biology of autophagy in metazoans: A developing story. Development 2008, 135, 2347–2360. [Google Scholar] [CrossRef] [PubMed]

	



Moloudizargari, M.; Asghari, M.H.; Ghobadi, E.; Fallah, M.; Rasouli, S.; Abdollahi, M. Autophagy, its mechanisms and regulation: Implications in neurodegenerative diseases. Ageing Res. Rev. 2017, 40, 64–74. [Google Scholar] [CrossRef]

	



Berliocchi, L.; Russo, R.; Maiaru, M.; Levato, A.; Bagetta, G.; Corasaniti, M.T. Autophagy impairment in a mouse model of neuropathic pain. Mol. Pain 2011, 7, 83. [Google Scholar] [CrossRef]

	



Inceoglu, B.; Bettaieb, A.; Trindade da Silva, C.A.; Lee, K.S.; Haj, F.G.; Hammock, B.D. Endoplasmic reticulum stress in the peripheral nervous system is a significant driver of neuropathic pain. Proc. Natl. Acad. Sci. USA 2015, 112, 9082–9087. [Google Scholar] [CrossRef]

	



Jadli, A.S.; Ballasy, N.; Edalat, P.; Patel, V.B. Inside (sight) of tiny communicator: Exosome biogenesis, secretion, and uptake. Mol. Cell. Biochem. 2020, 467, 77–94. [Google Scholar] [CrossRef]

	



Laplante, M.; Sabatini, D.M. mTOR signaling in growth control and disease. Cell 2012, 149, 274–293. [Google Scholar] [CrossRef]

	



Zha, H.; Fan, Y.; Yang, L.; Yin, M.; Miao, W.; He, J.; Wang, Y. Autophagy protects against cerebral ischemic reperfusion injury by inhibiting neuroinflammation. Am. J. Transl. Res. 2021, 13, 4726. [Google Scholar]

	



Huang, H.C.; Chen, L.; Zhang, H.X.; Li, S.F.; Liu, P.; Zhao, T.Y.; Li, C.X. Autophagy promotes peripheral nerve re-generation and motor recovery following sciatic nerve crush injury in rats. J. Mol. Neurosci. 2016, 58, 416–423. [Google Scholar] [CrossRef]

	



Ye, L.; Morse, L.R.; Falci, S.P.; Olson, J.K.; Shrivastava, M.; Nguyen, N.; Linnman, C.; Troy, K.L.; Battaglino, R.A. hsa-MiR-19a-3p and hsa-MiR-19b-3p Are Associated with Spinal Cord Injury-Induced Neuropathic Pain: Findings from a Genome-Wide MicroRNA Expression Profiling Screen. Neurotrauma Rep. 2021, 2, 424–439. [Google Scholar] [CrossRef]

	



Hausser, J.; Zavolan, M. Identification and consequences of miRNA-target inter- actions–beyond repression of gene expression. Nat. Rev. Genet. 2014, 15, 599–612. [Google Scholar] [CrossRef] [PubMed]

	



Parisi, C.; Napoli, G.; Amadio, S.; Spalloni, A.; Apolloni, S.; Longone, P.; Volonte, C. MicroRNA-125b regulates microglia activation and motor neuron death in ALS. Cell Death Differ. 2016, 23, 531–541. [Google Scholar] [CrossRef]

	



Shi, J.; Jiang, K.; Li, Z. MiR-145 ameliorates neuropathic pain via inhibiting inflammatory responses and mTOR signaling pathway by targeting Akt3 in a rat model. Neurosci. Res. 2008, 134, 10–17. [Google Scholar] [CrossRef]

	



Xie, X.; Ma, L.; Xi, K.; Zhang, W.; Fan, D. MicroRNA-183 suppresses neuropathic pain and expression of AMPA receptors by targeting mTOR/VEGF Signaling pathway. Cell. Physiol. Biochem. 2017, 41, 181–192. [Google Scholar] [CrossRef]

	



Altmann, C.; Hardt, S.; Fischer, C.; Heidler, J.; Lim, H.Y.; Haussler, A.; Albuquerque, B.; Zimmer, B.; Moser, C.; Behrends, C.; et al. Progranulin overexpression in sensory neurons attenuates neuropathic pain in mice: Role of autophagy. Neurobiol. Dis. 2016, 96, 294–311. [Google Scholar] [CrossRef]

	



Berliocchi, L.; Maiaru, M.; Varano, G.P.; Russo, R.; Corasaniti, M.T.; Bagetta, G.; Tassorelli, C. Spinal autophagy is differently modulated in distinct mouse models of neuropathic pain. Mol. Pain 2015, 11, 3. [Google Scholar] [CrossRef]

	



Zakrzewska, J.M. Medical management of trigeminal neuropathic pains. Expert Opin. Pharmacother. 2010, 11, 1239–1254. [Google Scholar] [CrossRef]

	



Padilla, M.; Clark, G.T.; Merrill, R.L. Topical medications for orofacial neuropathic pain: A review. J. Am. Dent. Assoc. 2000, 131, 184–195. [Google Scholar] [CrossRef]

	



Epstein, J.B.; Grushka, M.; Le, N. Topical clonidine for orofacial pain: A pilot study. J. Orofac. Pain 1997, 11, 346–352. [Google Scholar]

	



Sawynok, J.; Zinger, C. Topical amitriptyline and ketamine for post-herpetic neuralgia and other forms of neuropathic pain. Expert Opin. Pharmacother. 2016, 17, 601–609. [Google Scholar] [CrossRef]

	



Lewis, M.A.; Sankar, V.; De Laat, A.; Benoliel, R. Management of neuropathic orofacial pain. Oral Surg. Oral. Med. Oral. Pathol. Oral. Radiol. Endod. 2007, 103 (Suppl. S32), e1–e24. [Google Scholar] [CrossRef] [PubMed]








[image: Cells 11 03842 g001 550] 





Figure 1. Types of orofacial neuropathic pain. 
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Figure 2. Role of Autophagy in pathogenesis of Neuropathic pain. 
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Figure 3. Summary of therapeutic potential of autophagy and clinical management of orofacial neuropathic pain. 






Figure 3. Summary of therapeutic potential of autophagy and clinical management of orofacial neuropathic pain.



[image: Cells 11 03842 g003]













	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  cells-11-03842


  
    		
      cells-11-03842
    


  




  





media/file5.png
Autophagy modulators in Orofacial Neuropathic Pain Rapamycin

(mTOR inhibitor), miRNA, siRNAs, Progranulin and Chloroquine

used in experimental models

Descriptive Pain History,
Clinical Examination,
Mechanosensory tes
Cotton swab, gauze,
VonFrey Hair, Cold/Hot
glass water, QST,
Questionnaires as LANSS,
NPQ, DN4, Pain DETECT
and the McGill Pain

Questionnaire

Topical Therapy: Topical
lidocaine including 5 %
lidocaine patches, capsaicin
(Zostrix 0.025 or 0.075%),
combination of capsaicin
and Orabase, clonidine,
amitriptyline 2 % and
ketamine 1%

Orofacial Neuropathic Pain (ICOP,
Possible,Probable,Confirmed)

Medical Investigations:
Hematology, glucose,
roid, B12 sment,
Renal function test, Liver
function test, and genetic
testing.
Imaging: MRI, MRA,
CBCT/Plain radiography
and other imaging

Systemic Therapy: TCAs,
amitriptyline and
nortriptyline SNRIs;
venlafaxine and duloxetine,
Gabapentin and Pregabalin,
Opioids, Sodium channel
blockers carbamazepine,
lacosamide and lamotrigine

| | and Botulinum Toxin A

Non-pharmacological treatment regimes such as cognitive behavioral
therapy, psychological therapy, behavioral therapy, physical and

occupational therapy, acupuncture, stress management, relaxation
techniques, mindfulness, yoga and Tai Chai






media/file3.png
A

Autophagy (ATG genes): Macroautophagy, Micro autophagy and Chaperone mediated autophagy
Regulation of Autophagy in Orofacial Neuropathic Pain: Reactive oxygen species (ROS), mitotoxicity,
ammation, hypoxia and Endoplasmic reticulum stress






media/file1.png
Possible Neuropathic Pain (History of

relevant neurological lesion or
diseases/Pain distribution > Episodic: Trigeminal Continuous
neuroanatomically plausible uralgia, Peripheral Neuritis,
Glossopharyngeal Painful Peripheral
Neuralgia, Nervus Traumatic Trigeminal
Intermedius Neuropathy, Herpes
Probable Neuropathic Pain (Pain is Neuralgia, Other zoster and P
associated with sensory signs in the |7 Cranial Neuralgia, Herpetic Neuralgia,
same neuroanatomically plausible Superior Laryngeal Persistent Idiopathic
distribution on clinical examination Neuralgia Facial Pain
\)
Confirmed Neuropathic Pain
(Diagnostic test confirming a lesion
or disease of the somatosensory ICD-11: Peripheral and Central Neuropathic Pain
nervous system explaining the pain) ICOP (Classification and Diagnostic Criteria): Neuropathic Pain

attributed to lesion or disease of the cranial nerves and Idiopathic
neuropathic pain including burning mouth syndrome and others






media/file4.jpg
Autophagy modulatorsin Orofscial Neuropathic Pain Rapamycin

(mTOR inhibitor), mRNA, SIRNAS, Progranulin and Chloroquine
used in experimental models

Deseriptive Pain History, Medical Invest
Clinical Examination, | Hematology, glucose:
Mechanosensory est: thyroid, BI2 assessment,
Cotton swab, gauze, Renal function est, Liver
VonFrey Hair, ColdHot function test, and genetic
glass water, QST testn

Questionnaires a3 LANSS Imaging: MRI, MRA,
NPQ, DN, Pain DETECT CBCT/Plain radio
and the McGill Pain and other imaging.
Questionnaire

Orofacial Neuropatic Pain (ICOP,
Possible Probable, Confirmed)

Topical Therapy: Topical Systemic Therapy: TCAS,
tidocaine including § % amitiptyline and

Tidocaine patches, capsaicin nortiptyline SNRIs
(Zostix 0.025 or 0.07: venlafaxine and duloxetin,
‘ombination of capsai | Gabapenin and Pregabalin
and Orabase, clonidine, Opioids, Sodium channel
amitriptyline 2% and blockers carbamazepine,

|| and Botinam Toxin A

Non-pharmacological tretment egimes such as cognitive behavioral

therapy, psychological therapy, behavioral thrapy, physical and

cupational therapy, acupuncture, siress managemen, e
techmigques, mindfulness, yoga and Tai Chai






media/file0.jpg
Posible Neuropathic Pain (Hisory of
relevant neurological leson o

discases/Pain distrbution Epsodic Trgeminal Continuous:

neuroanatomically plausible Neualgia, Peripheral Neurits,
Glossophayngeal Paintl Peipheral
Neurlgia, Nervus Traumatic Trigeminal

Probable Neuropathic Pain (Painis
associated with semsory signs in he
same neuroanatomically plausible
distrbution on clinical examination

Confirmed Neuropathic Pain

Chersizistcnimica b
= s of U ooy ICD-11:Perphers nd Cenial Newropatic Pain
nemots s axpmig e pu) | |/ICOP (Clafiation ed Disgooss e NeuogaticPain

atributed o lesion ordiscase ofthe cranial nerves and Idopathic.

neuropathic pain including buming mouth syndrome and others






media/file2.jpg
ED ) [ — e
= ey
i L
E =

-
AT e e |
o

e

o B of Gyt

Aciaon o g

e f Aoy Orcl o P Rscn oy e (RO, AGnt.

Avonhuey (ATG s Mooty Mico gy Capros e gy
SRR e






