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Abstract

Temporomandibular joint (TM]) disorders and sleep disturbances frequently coexist, yet their intricate relationship
remains understudied. This review aims to comprehensively examine the bidirectional association between TM]
dysfunction and sleep disorders. A systematic search of relevant databases was conducted to identify studies
investigating the prevalence, clinical manifestations, and underlying mechanisms of this complex interplay. The findings
of this review will contribute to a deeper understanding of the pathophysiology, diagnostic criteria, and treatment
strategies for TM]-related sleep disorders. By delineating the shared risk factors, symptom overlap, and potential
therapeutic interventions, this research seeks to improve patient outcomes and inform future research endeavors in
this field.
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1. Introduction

Temporomandibular disorders (TMD) are painful mouth openings caused by clicking, popping, grinding, and grinding
during activities like eating, talking, and yawning. They are often linked to migraines, facial pain, and neck stiffness due
to the trigeminal nerve's distribution. TMD can be caused by anterior displacement of the disc, tight muscles attached
to the disc, or prolonged mouth openings during dental surgery or routine cleaning[1]. In some cases, TMD can be
related to bite malocclusion or recent orthodontic work. Physical therapy can improve joint mobility and muscle tone,
restore normal motor control for chewing, and restore normal chewing motion. Patients typically attend therapy 1-
2x/week for 4-6 weeks [2,3].

Sleep is a vital physiological process essential for physical and mental health. However, various disorders can disrupt
sleep quality, leading to daytime fatigue and a decreased quality of life. Temporomandibular joint (TM]) dysfunction is
another condition that can significantly impact a person's well-being. Interestingly, these two conditions often coexist,
creating a vicious cycle that can be challenging to manage [2,3] . Tmj anatomy and disorder depictedin figure 1.

Sleep is crucial for human health, emotional well-being, brain functioning, and daytime performance. Chronic pain,
caused by abnormal pain modulation systems, is associated with sleep problems, with patients with chronic pain
experiencing poorer sleep than healthy controls. Sleep problems impact 88% of patients with chronic pain, while over
40% of sleep-related problems report chronic pain. Chronic pain and sleep disorders are prevalent, with the prevalence
ranging from 10 to 40% [2,4].
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Temporomandibular disorders (TMDs) are common chronic orofacial pain conditions, affecting up to 25% of the
population, with a peak incidence at 20-40 years of age. Pain is the most common symptom, affecting areas such as the
ears, eyes, and throat, causing neck pain and headaches. Sleep problems are common in TMD patients, with
approximately 90% reporting poor sleep quality. Deterioration of sleep quality and impairment of sleep structure occur
in a significant proportion in TMD patients, but their impact is not clearly known . [4,5,6] .

TM] DISORDER
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Figure 1 TM] anatomy and disorder

Chronic TMD can present persistent, recurrent, or chronic pain associated with TM] and/or muscles involved in the
masticatory system, leading to highly disabling conditions. The etiology of chronic TMD is multifactorial, with an
idiopathic basis and an idiopathic pathophysiology mechanism not well understood. Poor sleep is associated with
increased clinical pain severity and psychological distress, and sleep bruxism is considered an aggravating factor for
TMD pain [7,8,9].

2. Methodology

A comprehensive search strategy was implemented to explore the interrelationship between temporomandibular joint
(TM]) disorders and sleep disturbances. Reputable databases, including PubMed, Google Scholar, Cochrane Library, and
Scopus, were systematically searched. To ensure a focused yet inclusive approach, a combination of Medical Subject
Headings (MeSH) terms and relevant keywords pertaining to TM] disorders (“temporomandibular joint disorders,"
"TM] dysfunction,” "orofacial pain") and sleep disorders ("sleep apnea,” "insomnia,"” "sleep disturbances," "bruxism")

were employed. Boolean operators ("AND," "OR," and "NOT") were utilized to refine the search.

To optimize the retrieval of high-quality evidence, a set of inclusion and exclusion criteria were meticulously applied.
The search was primarily focused on human studies investigating the association between TM] disorders and sleep
disturbances. Articles published within the past decade were prioritized to capture the most recent advancements in
the field. Additionally, studies employing robust methodologies, such as randomized controlled trials (RCTs) or
prospective cohort studies, were given preference.

Conversely, case reports, case series, animal studies, reviews, editorials, and studies focusing solely on isolated aspects

of TM] or sleep disorders without addressing their interrelationship were excluded. By adhering to these stringent
criteria, this search strategy aimed to identify robust evidence to inform clinical practice and guide future research
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3. Review

3.1. The Interconnectedness of TM] Dysfunction and Sleep Disorders

TM] dysfunction and sleep disorders share a complex relationship. Pain associated with TM] issues can make it difficult
to find a comfortable sleeping position, leading to frequent awakenings and fragmented sleep. Additionally, conditions
like sleep apnea can contribute to TM] problems by placing strain on the jaw muscles[10]. Furthermore, stress, a
common trigger for both TM] dysfunction and sleep disorders, can worsen symptoms of each condition.Sleep apnea and
TMD are interconnected due to their anatomical structures and neuromuscular functions. Factors contributing to their
interconnectedness include airway obstruction, bruxism, pain, and shared risk factors. Airway obstruction is a primary
cause of sleep apnea, while TMD can lead to changes in jaw and tongue positions, causing airway narrowing. Bruxism,
or teeth grinding, can exacerbate TMD symptoms, while sleep apnea is a risk factor for developing it [11] . Pain disrupts
sleep, leading to poor sleep quality, exacerbated by sleep disturbances. Both sleep apnea and TMD share common risk
factors, such as obesity, stress, and hormonal imbalances. Diagnosing sleep apnea in TMD patients is crucial for
developing an effective treatment plan. Diagnostic steps include a comprehensive evaluation, sleep studies, and imaging
studies. Comprehensive treatment plans can help manage sleep apnea and TMD effectively[12].

3.2. Associations between tooth wear and dental sleep disorders:

Tooth wear is a multifactorial condition that results in the loss of dental hard tissues, including enamel, dentine, and
cementum. It can be mechanical or chemical, with intrinsic mechanical wear (attrition) occurring due to chewing and/or
bruxism, while extrinsic mechanical wear (abrasion) is a result of other factors such as oral hygiene procedures and
habits like nail- or pen-biting. Intrinsic mechanical tooth wear is a physiological process, while extrinsic chemical wear,
also known as dental erosion, is the result of gastric acid and an acidic diet or environments containing airborne acid
[13,14].

Diagnosing tooth wear requires a comprehensive approach due to its multifactorial origin and manifestation. The Tooth
Wear Evaluation System was recently described to implement a systematic approach to diagnosis and management of
the condition. However, distinguishing between different sub-forms (qualification) is difficult, and there is no consensus
at this time on the qualification of tooth wear. There are over one hundred different evaluation systems for tooth wear,
making comparison of research findings difficult[15,16].0ro-facial pain is a multifactorial condition with a prevalence
of around 5.3%-22% [17] . When tooth wear is differentiated between chemical wear and mechanical wear, it can

concluded that chemical wear can cause oro-facial pain (dental pain/hypersensitivity), while mechanical wear does not
cause oro-facial pain (dental pain/hypersensitivity). Regarding tooth wear and TMD pain, Schierz et al. [18]
demonstrated an odds ratio of 1.11, concluding that there was no statistically significant or clinically relevant
relationship between tooth wear and the risk of TMD pain.

Oral moistening disorders cover all disorders related to abnormal quantities or composition of saliva, including oral
dryness (hyposalivation and xerostomia) and oral wetness (hypersalivation, sialorrhea, and ptyalism). Saliva is of
paramount importance for maintaining oral health, and in-depth knowledge among healthcare professionals is of great
importance. Oral dryness is a multifactorial condition with a prevalence varying from 10% to 80%. Pathological causes
of oral dryness include oral origin, dental pain, neurological disorders, exogenous poisoning, medications, and several
serious infectious diseases [19,20,21].

Two reviews revealed a possible direct association between oral dryness and tooth wear, namely with mechanical tooth
wear (when less saliva causes less lubrication) and chemical tooth wear (when less saliva results in less buffer capacity).
Other direct associations were oral dryness with oro-facial pain (causing irritation of the soft tissues of the oral cavity)
and sleep bruxism (compensating the oral dryness)[22,23]. Oral dryness is indirectly associated with oro-facial pain
(dental pain/hypersensitivity through tooth wear), and regarding the indirect association between oral dryness and
temporomandibular pain (through sleep bruxism), opposite findings revealed [24] .

Understanding the etiology of tooth wear, oral moistening disorders, and tooth wear is crucial for effective diagnosis,

treatment, and prevention. By addressing the complex interplay between these conditions, healthcare professionals can
better support patients and their families in managing their oral health.
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3.3. Gastroesophageal reflux disease (GERD) and tooth wear

Gastroesophageal reflux disease (GERD) is a prevalent condition in the Western world, with a prevalence of 10% to
40%. It increases with age and BMI, with men being more affected than women. GERD can be considered physiological
when occurring after a meal without further complaints and during pregnancy, but becomes pathological when a
mechanical impairment of the esophagogastric junction is present and complaints develop. GERD is considered a
multifactorial disease, with factors such as obesity, age, and trauma instigating it[25,26,27].

A systematic review from the gastroenterological community concluded that there is a strong association between
GERD and intrinsic chemical tooth wear, and the severity of tooth wear seems to be correlated with the severity of GERD
symptoms|[28].

Obstructive sleep apnoea syndrome (OSAS) is the most common type of sleep-related breathing disorders caused by
transient obstruction of the upper airway. OSAS is characterized by repetitive interruptions in breathing during sleep,
despite the effort to breathe, and is usually associated with a reduction in blood oxygen saturation. Factors that increase
vulnerability for the disorder include higher age, male sex, obesity, family history, menopause, craniofacial
abnormalities, and certain health behaviors like cigarette smoking and alcohol usage[29,30].

A direct association between tooth wear and OSAS cannot be hypothesised. Only one publication described a possible
indirect association between tooth wear and OSAS, finding a positive association between tooth wear severity and OSAS
severity. The authors suggest that tooth wear assessment can be a tool to identify patients at risk for having OSAS[31].

The possible association between GERD and tooth wear has been previously described, concluding a strong association
between GERD and chemical intrinsic tooth wear. The coexistence of GERD and OSA may result in patients with OSA
showing more intrinsic chemical tooth wear compared to healthy individuals due to the associated GERD activities
causing more chemical tooth wear [32,33].

3.4. Common Sleep Disorders Linked to TM]J Dysfunction

Several sleep disorders are frequently associated with TM] dysfunction describe in Tablel

Table 1 Sleep Disorder and its description

Sleep Disorder | Description

Insomnia Difficulty falling asleep or staying asleep throughout the night. TM] pain can significantly disrupt
sleep architecture, leading to insomnia.

Sleep Apnea A condition characterized by repeated pauses in breathing during sleep. TM] issues can
contribute to sleep apnea by affecting the upper airway.

Bruxism Teeth grinding or clenching, often occurring unconsciously during sleep. Bruxism is a common
symptom of TM] dysfunction and can exacerbate jaw pain.

3.5. Symptoms and Signs

Individuals with TM] dysfunction and sleep disorders may experience a combination of the following symptoms:

TM] pain or stiffness, particularly in the jaw and around the ear

Headaches

Earaches

Clicking or popping sounds in the jaw joint

Difficulty opening or closing the mouth

Sleep disturbances like insomnia, frequent awakenings, or unrefreshing sleep
Excessive daytime sleepiness

Snoring
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e  Dry mouth upon waking
e Treatment Approaches

Fortunately, effective treatment options are available for both TM] dysfunction and sleep disorders. A multidisciplinary
approach often yields the best results described in Table 2 [ 24,27,28.30].

Table 2 Treatment Approach for both TM] dysfunction and sleep disorders

Treatment Approach Description

Dental interventions Night guards, orthodontic treatment, or even jaw surgery in severe cases can help manage
TM] dysfunction.

Sleep medicine Treatments like CPAP (continuous positive airway pressure) or oral appliances can

address sleep apnea and improve sleep quality.

Pain management Over-the-counter pain relievers, muscle relaxants, or physical therapy can help alleviate
pain associated with TM] dysfunction.

Stress management | Practices like meditation, yoga, or biofeedback can be helpful in managing stress, which
techniques can improve sleep and reduce TM] pain.

4. Case study and Discussion

Lee YH etal compared sleep quality between patients with chronic temporomandibular disorder and healthy controls.
Results showed that patients had significantly higher Pittsburgh Sleep Quality Index scores and more prevalent poor
sleep (56.9%) than healthy controls (22.2%). Chronic temporomandibular disorder patients had a higher likelihood of
obstructive sleep apnea and higher excessive daytime sleepiness. Age, female sex, total Epworth sleepiness scale score,
and headache attributed to temporomandibular disorder were the most powerful predictors of poor sleep in patients.
The study concluded that chronic temporomandibular disorder patients had significantly impaired sleep quality [34].

This paper reviews the literature on the possible associations between tooth wear and dental sleep disorders such as
sleep-related oro-facial pain, oral moistening disorders, gastroesophageal reflux disease (GERD), obstructive sleep
apnoea syndrome (OSAS), and sleep bruxism. A PubMed search yielded 706 reports, suggesting several associations
between tooth wear and these disorders. The findings suggest that tooth wear is associated with dental pain and
hypersensitivity, oral dryness, GERD, OSAS, and sleep bruxism. Further research is needed to confirm these associations
[35].

A study in South Korea found that primary sleep disorders are a significant risk factor for temporomandibular disorders
(TMD). The study, based on the National Health Insurance Service-National Health Screening Cohort, found that patients
with sleep disorders had a 44% higher risk of TMD compared to non-sleep disorder participants. The incidence rate of
TMD was nearly twice as high in participants with sleep disorders compared to those without. The study suggests that
patients with sleep disorders should be monitored for potential co-occurrence of TMD-related symptoms [36] .

This systematic review aims to provide a comprehensive synthesis of literature on the relationship between obstructive
sleep apnea (0OSA) and painful temporomandibular disorders (TMDs). After a literature search using Scopus and
PubMed, 5 articles were included. Cross-sectional studies showed higher OSA prevalence among TMD patients, and one
cohort study suggested OSA as a risk factor for TMD. The role of TMD in OSA development remains unknown due to lack
of high-quality evidence [37] .

This systematic review aimed to determine if there is scientific evidence linking patients with temporomandibular joint
osteoarthritis (TM]-0A) with increased sleep disorders or impaired sleep quality. After analyzing 770 studies, 7 articles
were included in the qualitative synthesis, and a total of 772 patients diagnosed with TM]-OA were included. The results
showed that there is insufficient evidence to suggest that patients with TM] OA are associated with increased sleep
disorders or poorer sleep quality[38] .
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This study examined the impact of chronic pain conditions, such as temporomandibular disorders, on sleep quality. It
found that patients with mixed joint-muscle temporomandibular disorder pain and myalgia had significantly higher
Pittsburgh Sleep Quality Index scores than those with arthralgia. Poor sleepers were more prevalent in these groups.
Psychological distress, headaches, and self-reported sleep problems were associated with increased Pittsburgh Sleep
Quality Index scores. The study suggests that a comprehensive treatment approach is necessary to ensure good sleep
for patients with temporomandibular disorders[39] .

Previous studies have reported the co-occurrence of pain and OSA, with OSA patients experiencing hyperalgesia due to
fragmented sleep and hypoxemia. This can lead to increased pain sensitization, inflammation, and spontaneous pain.
However, the role of OSA in the development of OSA remains unclear. Sleep disturbances, particularly during slow-wave
non-rapid eye movement (NREM) sleep, can cause myalgia, chronic fatigue, and impair descending pain-inhibition
pathways. Chronic TMD patients show altered HPA axis feedback mechanisms, increasing pain intensity and pain-
related jaw disability[40]. Nocturnal oxygen desaturation in OSA patients can increase analgesic sensitivity to opioids
and increase the expression of pro-inflammatory cytokines, such as interkeukin-6 and tumor necrosis factor-a.
However, the therapeutic effects of OSA treatment on painful TMD remain unclear due to complicated pain modulating
mechanisms. There is no sufficient evidence proving the association between OSA and painful TMD, and studies using
PSG are scarce. More longitudinal prospective cohort studies using full-channel overnight PSG data, TMD diagnosis
based on DC/TMD criteria, and quantitative sensory testing are required to elucidate this topic[41].

Sleep quality disturbances are common among patients with TM]D, with over half experiencing disturbances. Studies
have found that patients with TM]-OA tend to have lower sleep quality levels, but there is no clear relationship between
sleep quality and TM]-OA. Sleep quality and OA are closely related, with increased pain associated with OA during the
day being related to poor sleep at night, increasing the risk of worsening pain. A systematic review found that patients
with poor sleep quality had an OR of 4.45 for developing TM]D. Studies have shown that higher levels of pain associated
with OA are correlated with higher PSQI scores, indicating poor sleep quality[42]. Poor sleep quality is also correlated
with increased fatigue and odds of hip pain exacerbations. Sleep problems are related to central sensitization, which
may amplify pain in patients with TM]D. More research is needed to evaluate the relationship between TMJ-OA and
sleep quality. The clinical consequences of the entities presented by the patient should be the focus of management,
rather than the entities themselves[38,43].

Sleep bruxism (SB) is the most common pathology related to TM]-0A, with three studies analyzing its relationship.
However, none of the studies found an association between bruxism and degenerative changes in the TM].
Polysomnography is the Gold Standard for definitive diagnosis of sleep bruxism. Obstructive sleep apnea (0SA) is
associated with OA in 12% of patients, but the results should be taken with caution. A UK cohort of over 175,000 patients
with OA found a positive and significant association between sleep disorders and OA[44] . OSA is associated with OA in
patients with hip or knee OA, leading to increased pain, disability, and decreased quality of life. However, this positive
association between OSA and OA was not found in the results. To find a relationship between TM] pathologies and sleep
disorders, it is necessary to isolate the object of the study, have homogeneous groups, and establish an adequate follow-
up period. Factors affecting sleep include stress, work, family life, sedentary lifestyle, obesity, anxiety, and the light
received during sleep[28,45].

The study reveals that sleep quality and clinical factors are dependent on the source of TMD pain and symptom severity.
Painful TMD is observed in patients with myalgia, arthralgia, and mixed TMD pain, as well as aggravated psychological
pain. Poor sleepers account for 70.9% of patients with painful TMD, with higher proportions in myalgia and mixed TMD
pain groups[34,46]. The PSQI global score is higher in myalgia and mixed TMD pain groups. Sleep quality deteriorates
as symptom severity increases, and the central mechanism of muscle pain and its relationship with psychological
distress remains unclear. The study found that mixed TMD pain had the longest symptom duration and the highest PSQI
global score among the three painful TMD groups. Chronic TMD pain can be closely linked to poor sleep quality in
patients with painful TMD, and patients with mixed origins develop psychological distress and are at increased risk of
sleep problems and central amplification of pain[47].

5. Conclusion

TM] dysfunction and sleep disorders can significantly impact a person's quality of life. Recognizing the
interconnectedness of these conditions is crucial for effective diagnosis and treatment. A multidisciplinary approach
that combines dental interventions, sleep medicine, pain management, and stress management techniques can help
individuals achieve better sleep, improved TM] function, and a healthier overall well-being.

53



International Journal of Biological and Pharmaceutical Sciences Archive, 2024, 08(01), 048-056

Compliance with ethical standards

Disclosure of conflict of interest

No conflict of interest to be disclosed.

References

Olmos SR. Comorbidities of chronic facial pain and obstructive sleep apnea. Curr Opin Pulm Med 2016;22:570.

Doufas AG, Tian L, Davies MF, Warby SC. Nocturnal intermittent hypoxia is independently associated with pain
in  subjects suffering  from sleep-disordered  breathing. = Anesthesiology = 2013;119:1149-
62. https://doi.org/10.1097 /ALN.0b013e3182a951fc.

Lam KK, Kunder S, Wong ], Doufas AG, Chung F. Obstructive sleep apnea, pain, and opioids: is the riddle solved?
Curr Opin Anaesthesiol 2016;29:134-40. https://doi.org/10.1097/AC0.0000000000000265.

Ratnavadivel R, Chau N, Stadler D, Yeo A, McEvoy RD, Catcheside PG. Marked reduction in obstructive sleep apnea
severity in slow wave sleep. ] Clin Sleep Med 2009;5:519-24.

Bonnet MH, Arand DL. Clinical effects of sleep fragmentation versus sleep deprivation. Sleep Med Rev
2003;7:297-310. https://doi.org/10.1053/smrv.2001.0245.

Choy EH. The role of sleep in pain and fibromyalgia. Nat Rev Rheumatol 2015;11:513-
20. https://doi.org/10.1038 /nrrheum.2015.56.

de Feijter M, Katimertzoglou A, Tiemensma ], Ikram MA, Luik Al. Polysomnography-estimated sleep and the
negative feedback loop of the hypothalamic-pituitary-adrenal (HPA) axis. Psychoneuroendocrinology
2022;141:105749. https://doi.org/10.1016/j.psyneuen.2022.105749.

Jo KB, Lee Y], Lee IG, Lee SC, Park ]Y, Ahn RS. Association of pain intensity, pain-related disability, and depression
with hypothalamus-pituitary-adrenal axis function in female patients with chronic temporomandibular
disorders. Psychoneuroendocrinology 2016;69:106-15. https://doi.org/10.1016/j.psyneuen.2016.03.017.

Doufas AG, Tian L, Padrez KA, Suwanprathes P, Cardell JA, Maecker HT, et al. Experimental pain and opioid
analgesia in  volunteers at  high risk for  obstructive sleep apnea. @ PLoS  One
2013;8:e54807. https://doi.org/10.1371/journal.pone.0054807.

Fang D, Kong LY, Cai ], Li S, Liu XD, Han ]S, et al. Interleukin-6-mediated functional upregulation of TRPV1
receptors in dorsal root ganglion neurons through the activation of JAK/PI3K signaling pathway: roles in the
development of bone cancer pain in a rat model. Pain 2015;156:1124-
44. https://doi.org/10.1097 /j.pain.0000000000000158.

Yokoe T, Minoguchi K, Matsuo H, Oda N, Minoguchi H, Yoshino G, et al. Elevated levels of C-reactive protein and
interleukin-6 in patients with obstructive sleep apnea syndrome are decreased by nasal continuous positive
airway pressure. Circulation 2003;107:1129-34. https://doi.org/10.1161/01.cir.0000052627.99976.18.

Kawasaki Y, Zhang L, Cheng JK, Ji RR. Cytokine mechanisms of central sensitization: distinct and overlapping role
of interleukin-1beta, interleukin-6, and tumor necrosis factor-alpha in regulating synaptic and neuronal activity
in the superficial spinal cord. ] Neurosci 2008;28:5189-94. https://doi.org/10.1523/JNEUROSCI.3338-07.2008.

Ji RR, Nackley A, Huh Y, Terrando N, Maixner W. Neuroinflammation and central sensitization in chronic and
widespread pain. Anesthesiology 2018;129:343-66. https://doi.org/10.1097 /ALN.0000000000002130.

Roithmann, C.C.; Silva CAG da Pattussi, M.P.; Grossi, M.L. Subjective sleep quality and temporomandibular
disorders: Systematic literature review and meta-analysis. J. Oral Rehabil. 2021, 48, 1380-1394. [Google Scholar]
[CrossRef]

Martinez, R.; Reddy, N.; Mulligan, E.P.; Hynan, L.S.; Wells, ].; Benlidayi, L.C. Sleep quality and nocturnal pain in
patients with hip osteoarthritis. Medicine 2019, 98, e17464. [Google Scholar] [CrossRef]

54


https://doi.org/10.1097/ALN.0000000000002130

[16]

[17]

[18]

[19]

International Journal of Biological and Pharmaceutical Sciences Archive, 2024, 08(01), 048-056

Fu, K,; Makovey, ].; Metcalf, B.; Bennell, K.L.; Zhang, Y.; Asher, R.; Robbins, S.R.; Deveza, L.A,; Cistulli, P.A.; Hunter,
D.J. Sleep Quality and Fatigue Are Associated with Pain Exacerbations of Hip Osteoarthritis: An Internet-based
Case-crossover Study. ] Rheumatol. 2019, 46, 1524-1530. [Google Scholar] [CrossRef]

Fertelli, T.K.; Tuncay, F.O. Fatigue in individuals with knee osteoarthritis: Its relationship with sleep quality, pain
and depression. Pak. ]. Med. Sci. 2019, 35, 1040-1044. [Google Scholar] [CrossRef] [Green Version]

Fernandez-de-las-Penas, C.; Svensson, P. Myofascial Temporomandibular Disorder. Curr Rheumatol Rev. 2016,
12, 40-54. [Google Scholar] [CrossRef] [PubMed]

Manfredini, D.; Ahlberg, J.; Aarab, G.; Bracci, A.; Durham, |.; Ettlin, D.; Gallo, L.M.; Koutris, M.; Wetselaar, P.;
Svensson, P.; et al. Towards a Standardized Tool for the Assessment of Bruxism (STAB)-Overview and general
remarks of a multidimensional bruxism evaluation system. J. Oral Rehabil. 2020, 47, 549-556. [Google Scholar]
[CrossRef] [PubMed]

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 17, T70-
T92. https://doi.org/10.1016/].jpain.2016.01.001 (2016).

Havelin, ]. et al Central sensitization and neuropathic features of ongoing pain in a rat model of advanced
osteoarthritis. J. Pain 17, 374-382. https://doi.org/10.1016/j.jpain.2015.12.001 (2016).

Mense, S. Pathophysiologic basis of muscle pain syndromes: An update. Phys. Med. Rehabilit. Clin. North Am. 8,
23-53. https://doi.org/10.1016/S1047-9651(18)30342-5 (1997).

Gil-Martinez, A., Paris-Alemany, A., Lopez-de-Uralde-Villanueva, I. & La Touche, R. Management of pain in patients
with  temporomandibular disorder (TMD): challenges and solutions.]. Pain Res11l, 571-

587. https://doi.org/10.2147/]PR.S127950 (2018).

Means-Christensen, A. ]., Roy-Byrne, P. P, Sherbourne, C. D., Craske, M. G. & Stein, M. B. Relationships among pain,
anxiety, and depression in primary care. Depress Anx. 25, 593-600. https://doi.org/10.1002/da.20342 (2008).

Yang, S. & Chang, M. C. Chronic pain: Structural and functional changes in brain structures and associated negative

affective states. Int. J. Mol. Sci. 20, 3130. https://doi.org/10.3390/ijms20133130 (2019).

Jank, R., Gallee, A., Boeckle, M., Fiegl, S. & Pieh, C. Chronic pain and sleep disorders in primary care. Pain Res.
Treat https://doi.org/10.1155/2017/9081802 (2017).

Taylor D], Mallory L], Lichstein KL, Durrence HH, Riedel BW, Bush A]. Comorbidity of chronic insomnia with
medical problems. Sleep. 2007;30(2):213-218. doi: 10.1093/sleep/30.2.213 [PubMed] [CrossRef] [Google
Scholar]

Haack M, Scott-Sutherland ], Santangelo G, Simpson NS, Sethna N, Mullington JM. Pain sensitivity and modulation
in primary insomnia.Eur ] Pain. 2012;16(4):522-533. doi: 10.1016/j.ejpain.2011.07.007 [PMC free
article] [PubMed] [CrossRef] [Google Scholar]

Terzi R, Yilmaz Z. Evaluation of pain sensitivity by tender point counts and myalgic score in patients with and
without obstructive sleep apnea syndrome.Int | Rheum Dis. 2017;20(3):340-345. doi: 10.1111/1756-
185X.12629 [PubMed] [CrossRef] [Google Scholar]

Khalid I, Roehrs TA, Hudgel DW, Roth T. Continuous positive airway pressure in severe obstructive sleep apnea
reduces pain sensitivity. Sleep. 2011;34(12):1687-1691. doi: 10.5665/sleep.1436 [PMC free article] [PubMed]

[CrossRef] [Google Scholar]

Matre D, Knardahl S, Nilsen KB. Night-shift work is associated with increased pain perception. Scand | Work
Environ Health. 2017;43(3):260-268. doi: 10.5271/sjweh.3627 [PubMed] [CrossRef] [Google Scholar]

Pizza F, Ferri R, Poli F, Vandi S, Cosentino FI, Plazzi G. Polysomnographic study of nocturnal sleep in idiopathic
hypersomnia without long sleep time. ] Sleep Res. 2013;22(2):185-196.doi: 10.1111/j.1365-2869.2012.01061.x
[PubMed] [CrossRef] [Google Scholar]

Chun MY, Cho BJ, Yoo SH, Oh B, Kang JS, Yeon C. Association between sleep duration and musculoskeletal pain:
the Korea National Health and Nutrition Examination Survey 2010-2015. Medicine. 2018;97(50):e13656. doi:
10.1097/MD.0000000000013656 [PMC free article] [PubMed] [CrossRef] [Google Scholar]

55


https://doi.org/10.1016/j.jpain.2016.01.001
https://doi.org/10.1016/j.jpain.2015.12.001
https://doi.org/10.1016/S1047-9651(18)30342-5
https://doi.org/10.2147/JPR.S127950
https://doi.org/10.1002/da.20342
https://doi.org/10.3390/ijms20133130
https://doi.org/10.1155/2017/9081802
https://pubmed.ncbi.nlm.nih.gov/17326547
https://doi.org/10.1093%2Fsleep%2F30.2.213
https://scholar.google.com/scholar_lookup?journal=Sleep&title=Comorbidity+of+chronic+insomnia+with+medical+problems&volume=30&issue=2&publication_year=2007&pages=213-218&pmid=17326547&doi=10.1093/sleep/30.2.213&
https://scholar.google.com/scholar_lookup?journal=Sleep&title=Comorbidity+of+chronic+insomnia+with+medical+problems&volume=30&issue=2&publication_year=2007&pages=213-218&pmid=17326547&doi=10.1093/sleep/30.2.213&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3627385/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3627385/
https://pubmed.ncbi.nlm.nih.gov/22396081
https://doi.org/10.1016%2Fj.ejpain.2011.07.007
https://scholar.google.com/scholar_lookup?journal=Eur+J+Pain&title=Pain+sensitivity+and+modulation+in+primary+insomnia&volume=16&issue=4&publication_year=2012&pages=522-533&pmid=22396081&doi=10.1016/j.ejpain.2011.07.007&
https://pubmed.ncbi.nlm.nih.gov/26258423
https://doi.org/10.1111%2F1756-185X.12629
https://scholar.google.com/scholar_lookup?journal=Int+J+Rheum+Dis&title=Evaluation+of+pain+sensitivity+by+tender+point+counts+and+myalgic+score+in+patients+with+and+without+obstructive+sleep+apnea+syndrome&volume=20&issue=3&publication_year=2017&pages=340-345&pmid=26258423&doi=10.1111/1756-185X.12629&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3208846/
https://pubmed.ncbi.nlm.nih.gov/22131606
https://doi.org/10.5665%2Fsleep.1436
https://scholar.google.com/scholar_lookup?journal=Sleep&title=Continuous+positive+airway+pressure+in+severe+obstructive+sleep+apnea+reduces+pain+sensitivity&volume=34&issue=12&publication_year=2011&pages=1687-1691&pmid=22131606&doi=10.5665/sleep.1436&
https://pubmed.ncbi.nlm.nih.gov/28259894
https://doi.org/10.5271%2Fsjweh.3627
https://scholar.google.com/scholar_lookup?journal=Scand+J+Work+Environ+Health&title=Night-shift+work+is+associated+with+increased+pain+perception&volume=43&issue=3&publication_year=2017&pages=260-268&pmid=28259894&doi=10.5271/sjweh.3627&
https://pubmed.ncbi.nlm.nih.gov/23061443
https://doi.org/10.1111%2Fj.1365-2869.2012.01061.x
https://scholar.google.com/scholar_lookup?journal=J+Sleep+Res&title=Polysomnographic+study+of+nocturnal+sleep+in+idiopathic+hypersomnia+without+long+sleep+time&volume=22&issue=2&publication_year=2013&pages=185-196&pmid=23061443&doi=10.1111/j.1365-2869.2012.01061.x&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6320184/
https://pubmed.ncbi.nlm.nih.gov/30558063
https://doi.org/10.1097%2FMD.0000000000013656
https://scholar.google.com/scholar_lookup?journal=Medicine&title=Association+between+sleep+duration+and+musculoskeletal+pain:+the+Korea+National+Health+and+Nutrition+Examination+Survey+2010%E2%80%932015&volume=97&issue=50&publication_year=2018&pages=e13656&pmid=30558063&doi=10.1097/MD.0000000000013656&

[34]

[35]

[36]

[38]

International Journal of Biological and Pharmaceutical Sciences Archive, 2024, 08(01), 048-056

Lee YH, Auh QS, An |JS, Kim T. Poorer sleep quality in patients with chronic temporomandibular disorders
compared to healthy controls. BMC Musculoskelet Disord. 2022 Mar 14;23(1):246. doi: 10.1186/s12891-022-
05195-y. PMID: 35287633

Wetselaar P, Manfredini D, Ahlberg ], Johansson A, Aarab G, Papagianni CE, Reyes Sevilla M, Koutris M, Lobbezoo
F. Associations between tooth wear and dental sleep disorders: A narrative overview. ] Oral Rehabil. 2019
Aug;46(8):765-775. doi: 10.1111/joor.12807. Epub 2019 May 12. PMID: 31038764; PMCID: PMC6852513.

Kim SJ, Park SM, Cho H]J, Park JW. The Relationship Between Primary Sleep Disorders and Temporomandibular
Disorders: An 8-Year Nationwide Cohort Study in South Korea. Int ] Gen Med. 2021 Oct 25;14:7121-7131. doi:
10.2147/1JGM.S331387. PMID: 34729021; PMCID: PMC8555531.

Kang, ]. H., & Lee, ]. K. (2022). Associations between obstructive sleep apnea and painful temporomandibular
disorder: a systematic review. Journal of the Korean Association of Oral and Maxillofacial Surgeons/Journal of
the Korean Association of Oral and Maxillofacial Surgeon/Daehan Gu’gang Ag’anmyeon Oe’gwa Haghoeji, 48(5),
259-266. https://doi.org/10.5125 /jkaoms.2022.48.5.259

Romero, E. a. S., Martinez-Pozas, 0., Garcia-Gonzalez, M., De-Pedro, M., Gonzalez-Alvarez, M. E., Esteban-Gonzalez,
P., Cid-Verdejo, R., & Villafafie, J. H. (2022). Association between Sleep Disorders and Sleep Quality in Patients
with Temporomandibular Joint Osteoarthritis: A Systematic Review. Biomedicines, 10(9), 2143.
https://doi.org/10.3390/biomedicines10092143

.Lee, YH., Auh, QS. Comparison of sleep quality deterioration by subgroup of painful temporomandibular disorder
based on diagnostic criteria for temporomandibular disorders. Sci Rep 12, 9026 (2022).
https://doi.org/10.1038/s41598-022-12976-x

Larson M], Adams RS, Ritter GA, etal. Associations of Early Treatments for Low-Back Pain with Military Readiness
Outcomes. ] Altern Complement Med. 2018;24(7):666-676. doi: 10.1089/acm.2017.0290 [PMC free article]
[PubMed] [CrossRef] [Google Scholar]

Andersen ML, Araujo P, Frange C, Tufik S. Sleep Disturbance and Pain: a Tale of Two Common Problems. Chest.
2018;154(5):1249-1259. doi: 10.1016/j.chest.2018.07.019 [PubMed] [CrossRef] [Google Scholar]

Fiorillo L, Musumeci G. TM] Dysfunction and Systemic Correlation. ] Funct Morphol Kinesiol. 2020;5(1):20. doi:
10.3390/jfmk5010020 [PMC free article] [PubMed] [CrossRef] [Google Scholar]

Tartar JL, Fins Al, Lopez A, et al. Sleep restriction and delayed sleep associate with psychological health and
biomarkers of stress and inflammation in women. Sleep Health. 2015;1(4):249-256. doi:
10.1016/j.s1eh.2015.09.007 [PubMed] [CrossRef] [Google Scholar]

Irwin MR, Olmstead R, Carroll JE. Sleep Disturbance, Sleep Duration, and Inflammation: a Systematic Review and
Meta-Analysis of Cohort Studies and Experimental Sleep Deprivation. Biol Psychiatry. 2016;80(1):40-52. doi:
10.1016/j.biopsych.2015.05.014 [PMC free article] [PubMed] [CrossRef] [Google Scholar]

Peirce JM, Alvifia K. The role of inflammation and the gut microbiome in depression and anxiety. ] Neurosci Res.
2019;97(10):1223-1241. doi: 10.1002/jnr.24476 [PubMed] [CrossRef] [Google Scholar]

Fang H, Tu S, Sheng ], Shao A. Depression in sleep disturbance: a review on a bidirectional relationship,
mechanisms and treatment. ] Cell Mol Med. 2019;23(4):2324-2332.doi: 10.1111/jcmm.14170 [PMC free article]
[PubMed] [CrossRef] [Google Scholar]

Ekici O. Association of stress, anxiety, and depression levels with sleep quality in patients with
temporomandibular disorders. Cranio. 2020;1-9. doi: 10.1080/08869634.2020.1861886 [PubMed] [CrossRef]
[Google Scholar]

56


https://doi.org/10.5125/jkaoms.2022.48.5.259
https://doi.org/10.3390/biomedicines10092143

