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Abstract: Swallowing has a vital function in airway protection and is 
the next step after mastication. Swallowing impairment, which is known 
as dysphagia, is frequently accompanied by pain. Previous clinical stud-
ies have shown that orofacial pain affects swallowing function. Thus, it 
was hypothesized that orofacial noxious inputs may modulate swallowing 
function. Previous studies using anesthetized animals has proposed that the 
facial skin-nucleus tractus solitarii (NTS), masseter muscle-NTS, lingual 
muscle-NTS, and lingual muscle-paratrigeminal nucleus-NTS pathways 
may be involved in the inhibition of swallowing caused by facial, mas-
seter, and lingual pain. Moreover, the activation of gamma-aminobutyric 
acidergic NTS neurons is involved in the inhibition of the swallowing 
reflex following trigeminal noxious inputs. This review focused on the 
recent management of dysphagia, neural mechanisms of swallowing, and 
relationship between orofacial pain and swallowing function. This and 
other future studies in this field can provide a better understanding of both 
normal and impaired swallowing and can help develop a new approach to 
treat patients with dysphagia and orofacial pain.
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Introduction

In 2007, Japan became a super-aged society, which indicates that the pro-
portion of individuals aged 65 years and older is more than 21% of the total 
population. In relation to this, the number of deaths caused by pneumonia 
has increased. The condition became the third leading cause of death in 
Japan in 2011, and approximately 96% of patients who died from pneumo-
nia were aged 65 years or above [1]. Similar to this observation, Teramoto 
et al. have shown that the incidence of aspiration pneumonia increased 
with age [2]. This condition is caused by swallowing impairment, which 
is known as dysphagia [3,4]. Deterioration of swallowing function is con-
sidered a risk factor for aspiration pneumonia in the older population [5]. 

Swallowing is vital for airway protection and is one of the initial steps 
in food ingestion. In addition to aspiration pneumonia, dysphagia causes 
several problems, including asphyxiation, dehydration, and malnutrition. 
Kulkarni et al. have concluded that a high risk of asphyxiation in indi-
viduals with schizophrenia is attributed to drug-induced dysphagia and 
abnormal eating habits, such as fast eating, inappropriately large boluses, 
and inadequate chewing [6]. The occurrence of dehydration in older long-
term care residents with dysphagia has been reported [7]. A prospective 
study has revealed that dysphagia may be a risk factor of malnutrition and 
lower respiratory tract infections in older individuals in the community [8]. 
This prospective study emphasized the importance of routine screening 
and treatment of dysphagia in the older population. Moreover, the effect of 
age on pain perception has been a topic of interest due to the demographic 
changes in life expectancy and high prevalence rates of clinical pain among 
older individuals. Several experimental studies have been conducted over 
the years, and cross-sectional studies have assessed age-related changes in 
pain perception, particularly pain thresholds and tolerance thresholds. For 
example, pain threshold increases with age, whereas tolerance threshold 

decreases. This contrasting result may be attributed to the fact that older 
individuals have low tolerance to pain [9]. The current review focused on 
the recent management of dysphagia, neural mechanisms of swallowing, 
and relationship between orofacial pain and swallowing function. This and 
other future studies in this field can provide a better understanding of both 
normal and impaired swallowing and can help develop a new approach to 
treat patients with dysphagia.

Treatment of dysphagia 
The pathophysiological nature of dysphagia can be explained by the fol-
lowing signs/symptoms: failure to propel the bolus properly and deficit 
in pharyngeal and/or laryngeal sensation. Furthermore, in the former, the 
causes of dysphagia are classified as functional, organic, and combined. 
Dysphagia therapy is required to prevent any related problems, including 
failure to propel the bolus, aspiration, or pharyngeal residue. Tradition-
ally, there are two approaches used in dysphagia therapy, which are the 
compensatory approach and rehabilitative approach. The compensatory 
approach involves immediate enhancement of the safety and efficiency 
of swallowing to reduce any symptoms associated with dysphagia, and 
it includes posture adjustments and food modification. The rehabilitative 
approach involves long-lasting effects that improve swallowing function, 
and it includes swallowing-related muscle strength training. Momosaki 
et al. have reported that dysphagia rehabilitation with compensatory and 
rehabilitative approaches contributed to the return to total oral intake upon 
discharge in older patients with aspiration pneumonia who are hospital-
ized [10]. However, these approaches are difficult to apply to patients who 
cannot follow instructions.

Recently, a chemical approach used to treat dysphagia has received 
much attention. Researchers have shown that transient receptor potential 
(TRP) receptor agonists facilitate swallowing functions. TRPV1 is acti-
vated by a variety of sensations, including mechanical stress, pain, and 
heat, and capsaicin, a TRPV1 agonist [11]. Ebihara et al. have reported that 
daily capsaicin supplementation shortened the latency of the swallowing 
reflex in older people with a high risk of aspiration [12]. The authors have 
hypothesized that substance P, which is released from sensory nerves in 
the pharynx after capsaicin application, facilitates the initiation of swal-
lowing [13]. Moreover, red wine polyphenols, which enhance TRPV1 
activation, improve the swallowing reflex in older patients with dysphagia 
[14]. TRPV1 activation can significantly evoke the swallowing reflex even 
in anesthetized animals [15]. Menthol and cold water, which both activate 
TRPM8, shorten the latency of the swallowing reflex in older patients with 
dysphagia [16], and piperine, which is a dual TRPV1 and TRPA1 agonist, 
improved the safety of swallowing in patients with dysphagia [17]. Fur-
thermore, Alvarez-Berdugo et al. have compared the effects of TRPV1, 
TRPA1, and TRPM8 agonists in patients with dysphagia, and results 
showed that TRPV1 stimulation had the strongest therapeutic effect on 
swallowing function [18]. Although carbonated liquids and citric acid can 
also improve swallowing function in patients with dysphagia, the associ-
ated mechanisms, including the target receptors, remain unclear [19-21].

 
Neural circuit for swallowing
A schematic diagram of the neural circuit involved in swallowing is shown 
in Fig. 1. The swallowing reflex is easily evoked by a variety of stimula-
tions applied to the pharyngeal and laryngeal mucosa. Some ion channels, 
including TRPV1, TRPA1, and TRPM8, and the epithelial sodium chan-
nel are believed to be involved in the initiation of swallowing [16,17,22]. 
Information is conveyed via the glossopharyngeal and/or vagus nerves to 
the swallowing central pattern generator (CPG) in the medulla. Among the 
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branches of the glossopharyngeal and vagus nerves, the superior laryngeal 
nerve (SLN) may have a primary role in initiating the swallowing refl ex 
[22]. The presence of a unilateral SLN lesion increased the incidence of 
aspiration in an infant animal model [23], and SLN afferents have impor-
tant roles in facilitating laryngeal closure based on a human study [24].

Jean et al. have reported that interneurons in the swallowing CPG are 
mainly located in two areas: the nucleus tractus solitarii (NTS) and the ven-
trolateral medulla near the nucleus ambiguus [25]. Neurons in the former 
region are referred to as the dorsal swallowing group and are considered 
the generator neurons involved in the initiation of swallowing. Neurons 
in the latter region are referred to as the ventral swallowing group and 
are considered the switching neurons that drive motor neurons. Moreover, 
the N-methyl-D-aspartate (NMDA), non-NMDA, 5-hydroxytryptamine1 
(5-HT1), and gamma-aminobutyric acid (GABA) receptors in the NTS can 
regulate the initiation of swallowing [26,27]. 

The swallowing CPG can be activated by not only peripheral inputs 
from the pharynx and larynx but also cortical inputs. Functional brain imag-
ing studies have identifi ed several cortical and subcortical regions that are 
activated by swallowing, which include the primary sensorimotor cortex, 
cingulate cortex, insular cortex, supplementary motor cortex, cuneus, pre-
cuneus, basal ganglia, thalamus, and cerebellum [28-31]. Clinical reports 
have emphasized the importance of the insular cortex in swallowing func-
tion. For example, Singh et al. have described a patient who presented with 
dysphagia after acute or subacute infarction involving the bilateral insular 
cortex [32]. In addition, Soros et al. have reported that electrical stimula-
tion of the right insular cortex results in irregular and delayed swallowing 
in a patient with epilepsy [33]. Similar to these reports, it was previously 
revealed that electrical stimulation of the insular cortex evokes swallowing 
in anaesthetized rats [34]. Moreover, cortically evoked swallowing was 
more strongly inhibited than peripherally evoked swallowing during rhyth-
mic jaw movements evoked by electrical stimulation of the orofacial motor 
cortex [34]. This result indicates that peripherally and cortically evoked 
swallowing may be modulated differently by the masticatory system.

The swallowing CPG activates motor nuclei in the cranial nerves, 
including the trigeminal, facial, and hypoglossal nuclei; nucleus ambigu-
ous; and dorsal motor nucleus of the vagus. Among these motor nuclei, 
the hypoglossal nucleus and nucleus ambiguus are the main motor nuclei 
correlated to swallowing motor activity [25]. Using nerve transection rat 
models, the hypoglossal nerve, arising from the hypoglossal nucleus, and 
the recurrent laryngeal nerve, arising from the nucleus ambiguus, were 
found to play a primary role in the generation of oropharyngeal and upper 
esophageal sphincter pressure, respectively, during swallowing [35]. 

Furthermore, Zoungrana et al. have reported that the initial inhibition of 
motor neurons with a chloride-dependent hyperpolarization, followed by a 
depolarization in the nucleus ambiguus, during swallowing is important for 
the temporal organization of the swallowing motor sequence [36].

Orofacial pain and swallowing function
Dysphagia is frequently accompanied by pain [37,38]. Ariji et al. have 
reported that patients with odontogenic infections that had spread to the 
submandibular space experienced dysphagia and pain [39]. In addition, 
both dysphagia and non-cardiac chest pain are commonly observed in 
patients with gastroesophageal refl ux disease [40,41]. In some cases, 
orofacial pain affects swallowing function. For example, patients with tem-
poromandibular disorder (TMD), which involves frequent orofacial pain, 
present with symptoms of dysphagia. Gilheaney et al. have conducted a 
systematic review and meta-analysis of masticatory and swallowing func-
tion in adult patients with TMD [42]. The authors reported that 9.3% of 
patients had impaired swallowing and that 87.4% and 62% of patients 
complained of masticatory pain and masticatory fatigue, respectively. 
Fassicollo et al. have shown less activity in the suprahyoid muscle during 
swallowing in chronic TMD patients with pain and abnormal displace-
ment of the disc, thereby indicating that orofacial pain modulates the 
motor activity of swallowing [43]. Similar to this hypothesis, patients with 
myofascial pain dysfunction syndrome is prevalent hyperactive digastric 
muscles during swallowing [44]. Furthermore, increased duration of a 
single swallow, longer drinking time, and reduced masseter activity during 
swallowing have been reported in adult patients after the extraction of the 
lower second and third molars [45]. Clinical reports have hypothesized 
that orofacial noxious inputs modulate swallowing function. However, the 
precise mechanisms of disturbance and/or inhibition of swallowing have 
not yet been validated.

Modulation of swallowing function by trigeminal noxious stimulation
A previous literature has shown that noxious inputs can modulate jaw 
and orofacial motor refl exes. Wang et al. have investigated the effect of 
capsaicin-induced muscle pain on the amplitude of the jaw-stretch refl ex 
in the masseter muscle, and results showed a stretch velocity-dependent 
increase in the amplitude of the jaw-stretch refl ex during acute muscle 
pain in healthy participants [46]. In another study, the local application of 
mustard oil and excitatory amino acid receptor agonists to the temporo-
mandibular joint region increased jaw muscle activity [47]. In addition, 
experimentally induced posterior temporalis muscle pain facilitated jaw-
stretch refl exes and inhibited nociceptive-specifi c blink refl exes in healthy 
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Fig. 1   Schematic diagram of the swallowing neural circuit. IX, glossopharyngeal nerve; X, 
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Fig. 2   Possible neural pathways of swallowing inhibition following orofacial noxious stimulation 
(adapted from Tsujimura et al. [62]). TG, trigeminal ganglion; NTS, nucleus tractus solitarii; Vc, 
trigeminal spinal subnucleus caudalis; Pa5, paratrigeminal nucleus; VLM, ventrolateral medulla; 
IX, glossopharyngeal nerve, and X: vagus nerve
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participants [48]. The swallowing reflex is also affected by orofacial stimu-
lation. Electrical stimulation of the lingual nerve inhibits the initiation of 
the swallowing reflex evoked by SLN electrical stimulation. Zoungrana 
et al. have shown that this inhibition occurred at the level of interneurons 
around the NTS, which comprises the swallowing CPG as well as that 
of motor neurons and muscles [49], indicating that afferents from lingual 
nerves directly or indirectly inhibit the swallowing CPG. However, the 
previous studies had two methodological limitations. First, the type of 
nerve fibers activated by electrical stimulation is challenging to identify. 
Second, whether naturally evoked swallowing is modulated by the stimula-
tion has not been fully elucidated. 

Previous studies showed that capsaicin stimulation of the tongue, whis-
ker pad skin, and masseter muscles, all of which are innervated by the 
trigeminal nerve, inhibited the initiation of swallowing by distilled water 
(DW) infusion into the pharynx [50,51]. These results strongly indicate that 
trigeminal noxious inputs inhibit naturally evoked swallowing by TRPV1 
activation  [11]. To validate the mechanism of inhibition of the swallowing 
reflex following trigeminal noxious stimulation, the activated areas in the 
brainstem were assessed after stimulation using phosphorylated extracel-
lular signal-regulated kinase (pERK), which is considered a marker of 
excited nociceptive neurons [52]. Results showed that many pERK-posi-
tive neurons were expressed in the NTS and trigeminal spinal subnucleus 
caudalis (Vc) following the injection of capsaicin into the whisker pad, 
masseter muscle, and lingual muscles. Moreover, the injection of capsaicin 
into the lingual muscles induced pERK expression in the paratrigeminal 
nucleus (Pa5). Similar to this result, previous immunohistochemical and 
electrophysiological studies have reported that these three nuclei are acti-
vated by trigeminal noxious stimulation [53-56]. Taken together with the 
previous reports which showed the direct projection from the trigeminal 
afferents to these three nuclei [57,58], this study showed that swallow-
ing inhibition was diminished by intrathecal administration of the specific 
MAPK kinase (MEK) 1/2 inhibitor PD98059, indicating that ERK phos-
phorylation is involved in swallowing inhibition. Based on these results, 
the effects of NTS, Pa5, and Vc lesioning on swallowing initiation were 
evaluated. The number of DW-induced swallows was significantly lower 
after NTS lesioning with and without capsaicin stimulation compared with 
the sham operation. This result is consistent with previous findings show-
ing that the NTS is the key component of swallowing initiation [25,59]. 
Furthermore, swallowing inhibition following capsaicin stimulation 
was diminished after Pa5 lesioning, but not Vc lesioning. Pa5 efferents 
project to the NTS [60]. Although the role of Pa5 in swallowing initia-
tion under normal conditions remains unclear, it was suggested that the 
lingual muscle-Pa5-NTS pathway was involved in swallowing inhibition 
following noxious tongue stimulation. Furthermore, approximately half of 
the pERK-positive neurons in the NTS showed GABA immunoreactiv-
ity following capsaicin injection into the tongue and that microinjection 
of the GABAA receptor antagonist bicuculline into the NTS diminished 
capsaicin-induced swallowing inhibition. GABA is the main inhibitory 
neurotransmitter in the central nervous system [61]. GABAergic neurons 
in the NTS are involved in the mechanisms of swallowing inhibition [26]. 
These findings indicate that the activation of GABAergic neurons in the 
NTS following trigeminal noxious stimulation may play an important role 
in swallowing inhibition. The possible swallowing inhibitory pathways 
are shown in Fig. 2. The facial skin-NTS, masseter muscle-NTS, lingual 
muscle-NTS, and lingual muscle-Pa5-NTS pathways might be involved in 
the inhibition of swallowing caused by facial, masseter, and lingual pain. 
It has also been speculated that the activation of GABAergic NTS neurons 
are involved in the inhibition of the swallowing reflex following trigeminal 
noxious inputs.

Discussion

To elucidate the neural mechanisms in patients with dysphagia after 
an  orofacial pain, the effects of trigeminal noxious stimulation on the 
swallowing reflex must be investigated. Although previous studies have 
identified four possible pathways involved in the inhibition of the swal-
lowing reflex, the following two questions remain: (1) what is the effect 
of noxious stimulations other than capsaicin, such as mechanical (pinch) 
and thermal (heat and cold) noxious stimulations, and (2) is cerebral cortex 
involved in capsaicin-induced swallowing inhibition? To answer the first 

question, the effect of other types of stimulation, such as pinch, heat, and 
cold, on swallowing function should be evaluated using the same animal 
models. To answer the second question, a decerebration model must be 
used to evaluate the involvement of cortical activities after orofacial pain 
on swallowing function. Because of the complex and coordinated process, 
with five cranial nerves and more than 25 pairs of muscles, the peripheral 
and central swallowing mechanisms remain unclear. Swallowing studies 
using electrophysiological, neuropharmacological, immunohistochemical, 
and behavioural techniques must be conducted to validate the mechanisms 
of swallowing. A basic clinical collaboration is important to better under-
stand the relationship between orofacial pain and dysphagia.

Acknowledgments
This study was funded in part by a grant from JSPS KAKENHI (Grant 
Number JP17K11775) to T.T. We thank Bronwen Gardner, PhD, from 
Edanz Group (www.edanzediting.com/ac) for editing a draft of this manu-
script.

Conflict of interest 
None.

References

 1. Miyashita N, Yamauchi Y (2018) Bacterial pneumonia in elderly Japanese populations. Jpn 
Clin Med 9, 1179670717751433.

 2. Teramoto S, Fukuchi Y, Sasaki H, Sato K, Sekizawa K, Matsuse T et al. (2008) High 
incidence of aspiration pneumonia in community- and hospital-acquired pneumonia in 
hospitalized patients: a multicenter, prospective study in Japan. J Am Geriatr Soc 56, 577-
579.

 3. Marik PE, Kaplan D (2003) Aspiration pneumonia and dysphagia in the elderly. Chest 124, 
328-336.

 4. Teramoto S, Yoshida K, Hizawa N (2015) Update on the pathogenesis and management of 
pneumonia in the elderly-roles of aspiration pneumonia. Respir Investig 53, 178-184.

 5. Manabe T, Teramoto S, Tamiya N, Okochi J, Hizawa N (2015) Risk factors for aspiration 
pneumonia in older adults. PLoS One 10, e0140060.

 6. Kulkarni DP, Kamath VD, Stewart JT (2017) Swallowing disorders in schizophrenia. 
Dysphagia 32, 467-471.

 7. Leibovitz A, Baumoehl Y, Lubart E, Yaina A, Platinovitz N, Segal R (2007) Dehydration 
among long-term care elderly patients with oropharyngeal dysphagia. Gerontology 53, 
179-183.

 8. Serra-Prat M, Palomera M, Gomez C, Sar-Shalom D, Saiz A, Montoya JG et al. (2012) 
Oropharyngeal dysphagia as a risk factor for malnutrition and lower respiratory tract 
infection in independently living older persons: a population-based prospective study. Age 
Ageing 41, 376-381.

 9. Lautenbacher S (2012) Experimental approaches in the study of pain in the elderly. Pain 
Med 13 Suppl 2, S44-50.

10. Momosaki R, Yasunaga H, Matsui H, Horiguchi H, Fushimi K, Abo M (2015) Effect of 
dysphagia rehabilitation on oral intake in elderly patients with aspiration pneumonia. Geri-
atr Gerontol Int 15, 694-699.

11. Tominaga M, Tominaga T (2005) Structure and function of TRPV1. Pflugers Arch 451, 
143-150.

12. Ebihara T, Takahashi H, Ebihara S, Okazaki T, Sasaki T, Watando A et al. (2005) Capsaicin 
troche for swallowing dysfunction in older people. J Am Geriatr Soc 53, 824-828.

13. Jin Y, Sekizawa K, Fukushima T, Morikawa M, Nakazawa H, Sasaki H (1994) Capsaicin 
desensitization inhibits swallowing reflex in guinea pigs. Am J Respir Crit Care Med 149, 
261-263.

14. Ebihara S, Maruyama Y, Ebihara T, Oshiro T, Kohzuki M (2010) Red wine polyphenols and 
swallowing reflex in dysphagia. Geriatr Gerontol Int 10, 329-330.

15. Tsujimura T, Udemgba C, Inoue M, Canning BJ (2013) Laryngeal and tracheal afferent 
nerve stimulation evokes swallowing in anaesthetized guinea pigs. J Physiol 591, 4667-
4679.

16. Ebihara T, Ebihara S, Watando A, Okazaki T, Asada M, Ohrui T et al. (2006) Effects of 
menthol on the triggering of the swallowing reflex in elderly patients with dysphagia. Br J 
Clin Pharmacol 62, 369-371.

17. Rofes L, Arreola V, Martin A, Clavé P (2014) Effect of oral piperine on the swallow 
response of patients with oropharyngeal dysphagia. J Gastroenterol 49, 1517-1523.

18. Alvarez-Berdugo D, Rofes L, Arreola V, Martin A, Molina L, Clavé P (2018) A compara-
tive study on the therapeutic effect of TRPV1, TRPA1, and TRPM8 agonists on swallowing 
dysfunction associated with aging and neurological diseases. Neurogastroenterol Motil 30, 
doi: 10.1111/nmo.13185.

19. Bülow M, Olsson R, Ekberg O (2003) Videoradiographic analysis of how carbonated thin 
liquids and thickened liquids affect the physiology of swallowing in subjects with aspira-
tion on thin liquids. Acta Radiol 44, 366-372.

20. Pelletier CA, Lawless HT (2003) Effect of citric acid and citric acid-sucrose mixtures on 
swallowing in neurogenic oropharyngeal dysphagia. Dysphagia 18, 231-241.

21. Sdravou K, Walshe M, Dagdilelis L (2012) Effects of carbonated liquids on oropharyngeal 
swallowing measures in people with neurogenic dysphagia. Dysphagia 27, 240-250.

22. Tsujimura T, Ueha R, Yoshihara M, Takei E, Nagoya K, Shiraishi N et al. (2019) Involve-
ment of the epithelial sodium channel in initiation of mechanically evoked swallows in 
anaesthetized rats. J Physiol 597, 2949-2963.

23. Ding P, Campbell-Malone R, Holman SD, Lukasik SL, Fukuhara T, Gierbolini-Norat EM 
et al. (2013) Unilateral superior laryngeal nerve lesion in an animal model of dysphagia and 
its effect on sucking and swallowing. Dysphagia 28, 404-412.

24. Jafari S, Prince RA, Kim DY, Paydarfar D (2003) Sensory regulation of swallowing and 
airway protection: a role for the internal superior laryngeal nerve in humans. J Physiol 550, 



159

287-304.
25. Jean A (2001) Brain stem control of swallowing: neuronal network and cellular mecha-

nisms. Physiol Rev 81, 929-969.
26. Wang YT, Bieger D (1991) Role of solitarial GABAergic mechanisms in control of swal-

lowing. Am J Physiol 261, R639-646.
27. Jean A, Kessler JP, Tell F (1994) Nucleus tractus solitarii and deglutition: Monoamines, 

excitatory amino acids, and cellular properties. Nucleus of the solitary tract, 361-375.
28. Kern MK, Jaradeh S, Arndorfer RC, Shaker R (2001) Cerebral cortical representation of 

reflexive and volitional swallowing in humans. Am J Physiol Gastrointest Liver Physiol 
280, G354-360.

29. Suzuki M, Asada Y, Ito J, Hayashi K, Inoue H, Kitano H (2003) Activation of cerebellum 
and basal ganglia on volitional swallowing detected by functional magnetic resonance 
imaging. Dysphagia 18, 71-77.

30. Satow T, Ikeda A, Yamamoto J, Begum T, Thuy DH, Matsuhashi M et al. (2004) Role of 
primary sensorimotor cortex and supplementary motor area in volitional swallowing: a 
movement-related cortical potential study. Am J Physiol Gastrointest Liver Physiol 287, 
G459-470.

31. Humbert IA, Robbins J (2007) Normal swallowing and functional magnetic resonance 
imaging: a systematic review. Dysphagia 22, 266-275.

32. Singh A, Kate MP, Nair MD, Kesavadas C, Kapilamoorthy TR (2011) Bilateral perisylvian 
infarct: a rare cause and a rare occurrence. Singapore Med J 52, e62-65.

33. Sörös P, Al-Otaibi F, Wong SW, Shoemaker JK, Mirsattari SM, Hachinski V et al. (2011) 
Stuttered swallowing: electric stimulation of the right insula interferes with water swallow-
ing. A case report. BMC Neurol 11, 20.

34. Tsujimura T, Tsuji K, Magara J, Sakai S, Suzuki T, Nakamura Y et al. (2016) Differential 
response properties of peripherally and cortically evoked swallows by electrical stimula-
tion in anesthetized rats. Brain Res Bull 122, 12-18.

35. Tsujimura T, Suzuki T, Yoshihara M, Sakai S, Koshi N, Ashiga H et al. (2018) Involve-
ment of hypoglossal and recurrent laryngeal nerves on swallowing pressure. J Appl Physiol 
(1985) 124, 1148-1154.

36. Zoungrana OR, Amri M, Car A, Roman C (1997) Intracellular activity of motoneurons of 
the rostral nucleus ambiguus during swallowing in sheep. J Neurophysiol 77, 909-922.

37. Spieker MR (2000) Evaluating dysphagia. Am Fam Physician 61, 3639-3648.
38. Simões J, Romão J, Cunha A, Paiva S, Miguéis A (2017) Neck pain and acute dysphagia. 

Dysphagia 32, 123-125.
39. Ariji Y, Gotoh M, Kimura Y, Naitoh M, Kurita K, Natsume N et al. (2002) Odontogenic 

infection pathway to the submandibular space: imaging assessment. Int J Oral Maxillofac 
Surg 31, 165-169.

40. Fornari F, Farré R, van Malenstein H, Blondeau K, Callegari-Jacques SM, Barros SG 
(2008) Nutcracker oesophagus: association with chest pain and dysphagia controlling for 
gastro-oesophageal reflux. Dig Liver Dis 40, 717-722.

41. Katz PO, Gerson LB, Vela MF (2013) Guidelines for the diagnosis and management of 
gastroesophageal reflux disease. Am J Gastroenterol 108, 308-328; quiz 329.

42. Gilheaney Ó, Béchet S, Kerr P, Kenny C, Smith S, Kouider R et al. (2018) The prevalence 
of oral stage dysphagia in adults presenting with temporomandibular disorders: a system-
atic review and meta-analysis. Acta Odontol Scand 76, 448-458.

43. Fassicollo CE, Machado BCZ, Garcia DM, de Felício CM (2019) Swallowing changes 
related to chronic temporomandibular disorders. Clin Oral Investig 23, 3287-3296.

44. Goldstein LB, Last FC, Salerno VM (1997) Prevalence of hyperactive digastric muscles 

during swallowing as measured by electromyography in patients with myofascial pain 
dysfunction syndrome. Funct Orthod 14, 18-22, 24.

45. Vaiman M, Nahlieli O, Eliav E (2006) Oynophagia in patients after dental extraction: 
surface electromyography study. Head Face Med 2, 34.

46. Wang K, Arendt-Nielsen L, Svensson P (2002) Capsaicin-induced muscle pain alters the 
excitability of the human jaw-stretch reflex. J Dent Res 81, 650-654.

47. Cairns BE, Sessle BJ, Hu JW (1998) Evidence that excitatory amino acid receptors within 
the temporomandibular joint region are involved in the reflex activation of the jaw muscles. 
J Neurosci 18, 8056-8064.

48. Peddireddy A, Wang K, Svensson P, Arendt-Nielsen L (2005) Effect of experimental 
posterior temporalis muscle pain on human brainstem reflexes. Clin Neurophysiol 116, 
1611-1620.

49. Zoungrana OR, Lamkadem M, Amri M, Car A, Roman C (2000) Effects of lingual nerve 
afferents on swallowing in sheep. Exp Brain Res 132, 500-509.

50. Tsujimura T, Kitagawa J, Ueda K, Iwata K (2009) Inhibition of swallowing reflex following 
phosphorylation of extracellular signal-regulated kinase in nucleus tractus solitarii neurons 
in rats with masseter muscle nociception. Neurosci Lett 450, 361-364.

51. Tsujimura T, Kondo M, Kitagawa J, Tsuboi Y, Saito K, Tohara H et al. (2009) Involvement 
of ERK phosphorylation in brainstem neurons in modulation of swallowing reflex in rats. J 
Physiol 587, 805-817.

52. Ji RR, Baba H, Brenner GJ, Woolf CJ (1999) Nociceptive-specific activation of ERK in 
spinal neurons contributes to pain hypersensitivity. Nat Neurosci 2, 1114-1119.

53. Imbe H, Dubner R, Ren K (1999) Masseteric inflammation-induced Fos protein expression 
in the trigeminal interpolaris/caudalis transition zone: contribution of somatosensory-
vagal-adrenal integration. Brain Res 845, 165-175.

54. Boscan P, Paton JF (2002) Integration of cornea and cardiorespiratory afferents in the 
nucleus of the solitary tract of the rat. Am J Physiol Heart Circ Physiol 282, H1278-1287.

55. Yamazaki Y, Ren K, Shimada M, Iwata K (2008) Modulation of paratrigeminal nociceptive 
neurons following temporomandibular joint inflammation in rats. Exp Neurol 214, 209-
218.

56. Chun YH, Ro JY (2010) Electrophysiological characterization of the rat trigeminal caudalis 
(Vc) neurons following intramuscular injection of capsaicin. Neurosci Lett 469, 289-293.

57. Clements JR, Magnusson KR, Hautman J, Beitz AJ (1991) Rat tooth pulp projections to 
spinal trigeminal subnucleus caudalis are glutamate-like immunoreactive. J Comp Neurol 
309, 281-288.

58. Sugimoto T, Fujiyoshi Y, He YF, Xiao C, Ichikawa H (1997) Trigeminal primary projec-
tion to the rat brain stem sensory trigeminal nuclear complex and surrounding structures 
revealed by anterograde transport of cholera toxin B subunit-conjugated and Bandeiraea 
simplicifolia isolectin B4-conjugated horseradish peroxidase. Neurosci Res 28, 361-371.

59. Kessler JP, Jean A (1985) Identification of the medullary swallowing regions in the rat. Exp 
Brain Res 57, 256-263.

60. de Sousa Buck H, Caous CA, Lindsey CJ (2001) Projections of the paratrigeminal nucleus 
to the ambiguus, rostroventrolateral and lateral reticular nuclei, and the solitary tract. Auton 
Neurosci 87, 187-200.

61. Foster AC, Kemp JA (2006) Glutamate- and GABA-based CNS therapeutics. Curr Opin 
Pharmacol 6, 7-17.

62. Tsujimura T, Inoue M, Iwata K (2011) Neural mechanisms of swallowing inhibition fol-
lowing noxious orofacial stimulation. J Oral Biosci 53, 137-142.


