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Abstract  

Temporomandibular disorders (TMD) are common conditions characterized by 

pain and dysfunction in the temporomandibular joint and associated structures. Sleep 

disturbances frequently coexist with TMD, can exacerbate pain, and lead to a decreased 

quality of life. The objectives of the present thesis were to provide an overview of the 

relationship between sleep and chronic pain (Chapters 1 & 2), to explore the contribution 

of sleep and psychological factors to daily fluctuations in TMD pain (Chapter 3), and to 

assess the potential effects of non-invasive brain stimulation for reducing TMD intensity 

and other TMD-related outcomes (Chapter 4), including sleep problems.  

 In the present thesis, two narrative reviews were conducted. The first one is a 

review of studies that have examined the association between sleep and various types of 

chronic pain conditions, including TMD. The review offered a wider scope by highlighting 

some of the biological and psychological factors that might underlie the association 

between sleep and pain as a way to offer mechanistic insights. Results showed that 

multiple factors, including endogenous pain modulation, inflammation, cyclic alternating 

pattern (CAP), affect, mood, and pain catastrophizing, contribute to the complex interplay 

between sleep and TMD-related pain. The second review was focused specifically on 

TMD and had primarily a clinical scope by identifying potential areas of study and avenues 

for interventions. The review offered a thorough description of various objective and 

subjective sleep measures that can be used, and the potential clinical utility of these 

measures for the screening and management of TMD patients.. This review showed that 

micro-longitudinal studies focused on sleep, pain and other possible related factors such 

as pain catastrophizing are currently lacking.  
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  In Chapter 3 of this thesis, we conducted a micro-longitudinal study assessing if 

day-to-day variations in sleep quality and pain catastrophizing contribute significantly to 

within-day pain fluctuations, an underexplored outcome in the TMD literature. We found 

that poorer sleep quality and higher pain catastrophizing increased the likelihood of 

experiencing clinically meaningful increases in pain over the course of the day. These 

results highlight the need of targeted interventions that address sleep disturbances and 

pain catastrophizing in this population, such as hybrid cognitive behavioral therapy or 

alternative treatment options. Non-invasive brain stimulation techniques, specifically 

repetitive transcranial magnetic stimulation (rTMS), have also shown promise as a 

potential treatment for chronic pain, but to date little research has explored the effects of 

rTMS on painful TMD.  In Chapter 4, we conducted a randomized, double-blind, sham-

controlled study to explore the effects of TMS among TMD individuals. We found that a 

single session of active rTMS can provide immediate analgesic (i.e., pain reduction) 

effects in a safely manner. However, longer-term benefits may require multiple sessions.  

In conclusion, this thesis provides several insights into the complex interplay 

between sleep and pain problems among patients with painful TMD. Findings from the 

present thesis could also inform the assessment and management of pain, sleep, and 

other comorbidities among patients with TMD.   
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Résumé  

Les troubles temporo-mandibulaires (TTM) sont des affections courantes 

caractérisées par une douleur ainsi que par un dysfonctionnement de l'articulation 

temporo-mandibulaire et des structures associées. Les troubles du sommeil, coexistant 

fréquemment avec les TTM, peuvent exacerber la douleur et entraîner une diminution de 

la qualité de vie. Les objectifs de la présente thèse étaient de fournir une vue d'ensemble 

de la relation entre le sommeil et la douleur chronique (chapitres 1 et 2), d'explorer 

l’impact du sommeil et des facteurs psychologiques sur les fluctuations quotidiennes de 

la douleur liée aux TTM (chapitre 3) et d'évaluer les effets potentiels de la stimulation 

cérébrale non invasive dans la réduction de l'intensité des TTM et d'autres conséquences 

associées aux TTM, y compris les difficultés de sommeil (chapitre 4).  

Dans la présente thèse, deux revues narratives ont été réalisées. La première 

contenait une revue des études ayant examiné l'association entre le sommeil et 

différentes conditions de douleur chronique, y compris les TTM. L’objectif était de mettre 

en évidence certains facteurs biologiques et psychologiques pouvant sous-tendre 

l'association entre le sommeil et la douleur, afin d'offrir des perspectives sur les 

mécanismes et les facteurs potentiellement impliqués. Les résultats ont montré que de 

multiples facteurs, dont la modulation endogène de la douleur, l'inflammation, l'alternance 

cyclique, l'affect, l'humeur et la pensée catastrophique liée à la douleur, contribuent à 

l’interaction complexe entre le sommeil et la douleur liée aux TTM. La seconde revue 

narrative portait spécifiquement sur les TTM et avait une visée clinique dont l’objectif était 

d’identifier des domaines d'étude et des pistes d'intervention potentielles à considérer. 

Ce travail a offert une description approfondie de diverses mesures objectives et 
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subjectives du sommeil pouvant être utilisées, et de l'utilité clinique potentielle de ces 

mesures pour le dépistage et la prise en charge des patients souffrant TTM. Cette revue 

a démontré que les études micro-longitudinales axées sur le sommeil, la douleur et 

d'autres facteurs connexes, dont la pensée catastrophique liée à la douleur, sont limitées, 

voire inexistantes à l’heure actuelle dans la littérature.  

Dans le chapitre 3 de cette thèse, nous avons mené une étude micro-longitudinale 

pour évaluer si les variations quotidiennes de la qualité du sommeil et de la pensée 

catastrophique liée à la douleur contribuent de manière significative aux fluctuations de 

la douleur au cours d'une journée, ce qui a été peu exploré dans la littérature sur les TTM. 

Nous avons constaté qu'un sommeil de moins bonne qualité et un plus grand niveau de 

pensée catastrophique liée à la douleur augmentent la probabilité d'une intensification 

d’une douleur cliniquement significative au cours de la journée. Ces résultats soulignent 

la nécessité d'élaborer des interventions ciblant les troubles du sommeil et la pensée 

catastrophique liée à la douleur au sein de cette population, notamment la thérapie 

cognitive et comportementale hybride ou d'autres options thérapeutiques alternatives. À 

cet effet, les techniques non invasives de stimulation cérébrale, en particulier la 

stimulation magnétique transcrânienne répétitive (SMTr), ont montré des résultats 

prometteurs en tant que traitement potentiel de la douleur chronique. Par ailleurs, à ce 

jour, peu de recherches ont exploré les effets de la SMTr sur la douleur associée aux 

TTM.  Au chapitre 4, nous avons mené une étude randomisée, en double aveugle et 

contrôlée par placebo pour explorer les effets de la SMTr chez les personnes avec de 

TTD. Nous avons constaté qu'une seule séance de SMTr active peut avoir des effets 

analgésiques immédiats (c.-à-d. réduction de la douleur), et ce, sans effet secondaire. 
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Cependant, plusieurs séances peuvent s’avérer nécessaires afin d’obtenir un maintien 

des effets bénéfiques à plus long terme.  

En conclusion, cette thèse fournit plusieurs informations sur l'interaction complexe 

entre les problèmes de sommeil et de douleur chez les patients avec de TTM. Les 

résultats de cette thèse pourraient permettre d’améliorer l'évaluation ainsi que la gestion 

de la douleur, du sommeil et d'autres comorbidités observées chez les patients avec de 

TTM.  
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1. General introduction 

1.1. Pain 

Pain has been recently redefined as “An unpleasant sensory and emotional 

experience associated with, or resembling that associated with, actual or potential tissue 

damage,” by the International Association for the Study of Pain (IASP) (1). Based on the 

duration of pain symptoms, pain has been classically categorized as "acute" if symptoms 

last less than 3 or 6 months, or "chronic" if symptoms last more than 3 or 6 months (2, 3). 

While acute pain is usually provoked by a disease or injury and can serve as a useful 

biologic purpose, chronic pain outlasts the normal time of healing, serves no biologic 

purpose, and it is considered a disease in itself (3). Indeed, the World Health Organization 

(WHO) currently includes chronic pain as a diagnosis in its own (4), and access to pain 

management has been considered has a basic human right (5).  

Pain is considered a major health problem. In Canada, it has been reported that 

7.6 million people (1 in 5) live with chronic pain, and the total direct and indirect cost of 

chronic pain in 2019 has been calculated to be around $38.2 billion to $40.3 billion (6). 

Globally, an epidemiological study assessing estimates of chronic pain prevalence across 

56 countries reported that the prevalence of chronic pain standardized by age and sex 

reported was 27.5%, and that women, older persons, and rural residents were 

significantly more likely to report pain (7). In addition, chronic pain can lead to poorer 

health outcomes, as it is frequently comorbid to, and in some cases a risk factor for 

several physical and mental health conditions (8, 9). Therefore, it is clear that pain has 

become a societal burden, affecting not only individuals' physical and emotional well-

being but also straining healthcare systems and economies worldwide. 
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1.2. Not all pains are alike 

As noted by Okeson, “Pain is an experience that cannot be shared. It is wholly 

personal, belonging to the sufferer alone” (10). This sentence, written by one of the most 

recognized orofacial pain specialists, captures the essence of this unique and personal 

concept, which has different meaning and connotation across different individuals. The 

subjective nature of pain poses a significant challenge in healthcare, as clinicians must 

rely on patients' personal descriptions and self-assessments to diagnose and treat pain 

effectively. Consequently, the quest for better pain management strategies and 

treatments becomes all the more critical, as it aims to alleviate this deeply personal 

suffering and improve the lives of those affected by it. One crucial step in addressing 

chronic pain is the classification of pain types, as it allows for a more precise 

understanding of its underlying causes and potential treatment approaches.  

Besides the abovementioned pragmatic classification based on pain duration 

(acute vs chronic), different classification systems have been proposed and used over 

the years. One is based on neurobiological mechanisms, such as the one proposed by 

Woolf (11), who states that pain can be broadly divided into three main categories. (A) 

Nociceptive pain, representing the sensation related to the detection of potentially tissue-

damaging noxious stimuli, being protective in nature. (B) Inflammatory pain, associated 

with tissue damage and the involvement of the immune system, promoting repair by 

producing pain hypersensitivity until healing begins. (C) Pathological pain, considered as 

a disease state caused by damage to the nervous system (neuropathic) or by its abnormal 

function (dysfunctional).  
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Another classification system is the one from the International Classification of 

Diseases (ICD-11) developed by the IASP Task Force (2). The ICD-11 classification 

system is a comprehensive system that is more readily applicable in clinical settings. This 

classification is multilayered and gives priority to pain etiology, followed by underlying 

pathophysiological mechanisms, and finally the body site (12). The ICD-11 classification 

includes "chronic primary pain syndromes" in which pain is conceived as a disease in its 

own. Diagnostic entities within this category are subdivided into chronic widespread pain 

(e.g., fibromyalgia), complex regional pain syndromes, chronic primary headache and 

orofacial pain (e.g., chronic migraine or temporomandibular disorder), chronic primary 

visceral pain (e.g., irritable bowel syndrome), and chronic primary musculoskeletal pain 

(e.g., non-specific low-back pain). Chronic "secondary pain syndromes" are linked to 

other diseases as the underlying cause, for which pain may initially be regarded as a 

symptom (e.g., chronic cancer pain, chronic posttraumatic and postsurgical pain, chronic 

neuropathic pain, chronic headache and orofacial pain, chronic visceral pain, and chronic 

musculoskeletal pain).  

1.3. Temporomandibular disorders (TMD) 

TMD is an umbrella term referring to different disorders that affect the 

temporomandibular joint (TMJ) and/or muscles of mastication (13), and it has its own 

subsection in the ICD-11, under the category “chronic headache and orofacial pain” (2). 

Signs or symptoms of TMD include pain and tenderness in or around the ear, the jaw 

joint, or the muscles of the jaw, face or temples. Other symptoms include mechanical 

problems and difficulty when opening or closing the mouth, clicking, popping, crunching 

or grinding noise when chewing, yawning or moving the jaw. Painful TMD can be broadly 
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divided in articular, when the pain is originated in the TMJ, and muscular, when the origin 

of pain is in the muscles of mastication. However, a combination of both is quite frequent. 

TMD is the most common chronic orofacial pain condition after odontogenic pain, and the 

second most commonly occurring musculoskeletal condition, affecting around 12% of the 

general population and up to 36% of adults aged 20–49 years (14, 15). Females are 

usually more affected than males, and although it can present at any age, it is most 

common in young and middle-aged adults (15, 16). Chronic painful TMD is considered a 

burdensome condition, as it can significantly impact patients’ function, quality of life, and 

psychological well-being (17, 18).  

The exact pathophysiological mechanisms of painful TMD are currently unclear, 

although it is thought to be a combination of peripheral and central mechanisms (19-22). 

These include non-mutually exclusive mechanisms related to neurological, endocrine, 

and inflammatory pathways. Reduced activity of Catecholamine-O-methyltransferase 

(COMT) has also been linked to both pain and TMD, suggesting a role in their 

manifestation. Additionally, weaker associations have been observed between chronic 

painful TMD and autonomic function, inflammatory markers, and endogenous pain 

modulation. The development and persistence of painful temporomandibular disorder 

(TMD) are influenced by various predisposing, initiating, and perpetuating factors (19-22). 

Predisposing factors include baseline health status, social context, psychological 

distress, and orofacial clinical features. Specifically, comorbid conditions, nonspecific 

orofacial symptoms such as fatigue, and pain interference with normal work have 

emerged as significant predictors. Moreover, factors like oral parafunctions, limited mouth 

opening, painful muscle sites on palpation, somatic awareness, and older age can 
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contribute to TMD onset. Incident jaw injuries, baseline migraine symptoms, and 

headache frequency are among the initiating factors strongly associated with subsequent 

TMD incidence.  

TMD frequently coexist with other painful trigeminal conditions such as migraine 

and tension type headache and with other extra-trigeminal ones such as fibromyalgia, 

being often categorized as one of the “chronic overlapping pain conditions”(23-26).  TMD 

patients also present several sleep related complains (27), including sleep disorders (e.g., 

insomnia or sleep apnea) (28) and other sleep quality issues leading to reports of non-

restorative/recuperative sleep, wake time tiredness, fatigue, and lack of energy (29-31).  

1.4 The evolution of pain models 

Another important aspect in the understanding and eventually management of pain 

has been the development of theoretical models that can help explain mechanisms 

involved in the perception of pain. The most widely acknowledged are: the Intensity 

Theory, the Cartesian Dualism Theory, the Specificity Theory, the Pattern Theory, the 

Gate Control Theory, the Neuromatrix Model, and  the Biopsychosocial Model (32). The 

sections below will offer a brief overview of these models, with a particular focus on the 

Gate Control Theory and the Biopsychosocial Model, as these models are now widely 

acknowledged and have had a direct impact on the way chronic pain is assessed and 

managed. 

1.4.1. Classic theories of pain 

One of the first theories of pain was the Intensity Theory attributed to the ancient 

philosopher Plato, which posits that pain is not a unique experience but rather an emotion 
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that arises in response to intense and lasting stimuli. Later on, in the 19th century, 

experiments, including tactile and electrical stimulations, were conducted to investigate 

pain thresholds and the role of dorsal horn neurons, providing valuable insights into pain 

processing (32). 

Subsequently, Rene Descartes introduced the Cartesian Dualistic Theory, which 

proposed that pain could result from physical or psychological injury independently, 

without interaction between the two (33), hence making physical and psychological pain 

mutually exclusive entities (34). Descartes also suggested a connection between pain 

and the soul, locating it in the pineal gland. However, this theory fell short in explaining 

the various factors contributing to pain and the variability in pain experiences among 

individuals.  

Another theory is the Specificity Theory, proposed by Charles Bell. This theory 

outlined that different sensations were processed through distinct pathways, and 

recognized the intricate structure of the brain and the presence of separate 

somatosensory modalities (35). Nonetheless, it could not account for factors beyond 

physical nature or explain why pain sometimes persists after the initial injury has healed. 

The Pattern Theory was introduced by John Paul Nafe, suggesting that sensations were 

encoded in the brain as patterns or sequences of signals. While initially popular, this 

theory was later debunked with the discovery of specific receptors for each sensation 

(32). 

1.4.2. Recent theories: Gate Control and Neuromatrix 
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In 1965, Patrick Wall and Ronald Melzack, proposed a new theory for the 

explanation and visualization of pain modulation, coined “The Gate Control” theory (36), 

which marked a significant departure from earlier views of pain. In essence, it introduced 

the idea that pain perception is not solely a result of physical injury but is influenced by 

complex interactions within the nervous system. According to this theory, when a painful 

stimulus occurs, such as touching a hot surface, sensory information must pass through 

a metaphorical "gate" within the spinal cord before reaching the brain. This gate can either 

allow or block the pain signal from reaching the brain. The state of this gate is not fixed 

and can be influenced by various factors. These include the intensity of the stimulus, 

cognitive factors like attention or distraction, and emotional factors such as anxiety or 

fear. Importantly, the Gate Control Theory highlights the profound role of psychological 

factors in pain perception. For instance, a distracted or relaxed individual might partially 

or completely close the gate, reducing the perception of pain. Conversely, negative 

emotional states like stress or anxiety can open the gate wider, allowing more pain signals 

to reach the brain and making pain feel more intense. Additionally, this theory has 

implications for chronic pain specifically. When the gate becomes dysfunctional, it can 

allow pain signals to persist even after the initial injury has healed. This may be due to 

changes in the spinal cord's neural pathways or alterations in the brain's processing of 

pain signals. Therefore, the Gate Control Theory revolutionized pain understanding by 

highlighting the intricate interplay between sensory, emotional, and cognitive factors (37). 

Ronald Melzack's Neuromatrix Model, introduced almost three decades after the 

Gate Control Theory, further advanced the understanding of pain perception (38). This 

model shifted the focus from peripheral injury as the primary source of pain to the central 
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nervous system itself. In this model, specific components within the central nervous 

system are responsible for creating the unique "neurosignature" of pain. These 

components include the spinal cord, brainstem, thalamus, limbic system, insular cortex, 

somatosensory cortex, motor cortex, and prefrontal cortex. It suggests that input from the 

periphery can initiate or influence the neurosignature but cannot create one on its own. 

The Neuromatrix Model also introduces the concept of pain memory. It postulates that the 

central nervous system stores memories of pain experiences, which can influence an 

individual's response to subsequent painful stimuli. When similar circumstances occur in 

the future, these stored memories allow for the re-experience of the same sensation. Like 

the Gate Control Theory, the Neuromatrix Model acknowledges the impact of cognitive 

and emotional factors on pain perception. For instance, hyperactivity of the stress 

response can heighten pain perception. However, it primarily focuses on the biological 

and neurological aspects of pain, leaving out sociological factors that can also 

significantly influence pain experiences. 

1.4.3 Biopsychosocial model of pain 

The Biopsychosocial Model represents the most comprehensive approach to 

understand the etiology of pain. It recognizes that pain is not solely a biological 

phenomenon resulting from physical injury but is instead the product of intricate 

interactions between biological, psychological, and sociological factors (39, 40). Each 

individual experiences pain and is influenced by these factors uniquely, to modulate a 

patient’s report of symptoms and subsequent disability. Within this model, biological 

factors influence nociception, the body's ability to sense and signal tissue damage, 

including genetic predispositions and physiological processes related to pain. 
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Psychological factors are equally influential, including an individual's emotional state, 

cognition, beliefs, and coping strategies. For instance, negative affect (i.e., feelings of 

emotional distress, encompassing anxiety, sadness, fear, anger, guilt and shame, 

irritability, and other unpleasant emotions) (41), positive affect (i.e., experiences  of 

positive moods such as joy, interest, and alertness) (41), or pain catastrophizing (i.e., 

exaggerated negative orientation toward actual or anticipated pain experiences) (42) can 

play a critical role in pain perception and modulation. Social factors are integral to the 

Biopsychosocial Model as well. These include societal and cultural beliefs about pain and 

suffering, social support networks, socioeconomic status, and environmental factors. 

Additionally, the model acknowledges the large inter-individual differences in pain 

behavior, such as facial pain expressions, seeking medical help, or avoiding certain 

activities.  

1.4.3.1. Sleep and its place in the Biopsychosocial Model of pain 

Sleep is defined as a behavioral and physiological quiescence accompanied by 

closed eyes, recumbent posture, limited muscular activity and a reduced response to 

sensory stimuli, which can be easily reversed (43). Sleep is essential for many vital 

functions including development, energy conservation, brain waste clearance, modulation 

of immune responses, cognition, performance, vigilance, disease, and psychological 

state (44). Therefore, disturbed sleep can significantly affect health and well-being of a 

given individual.  

Sleep disturbances and chronic pain often coexist, with insomnia and obstructive 

sleep apnea (OSA) being the most commonly diagnosed sleep conditions (45, 46). 

Individuals with chronic pain present poorer and more disturbed sleep than healthy 
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controls, with reduced sleep quality and efficiency, longer sleep onset latency, and 

increased wake after sleep onset (46). Previous hypotheses have emphasized a 

bidirectional relationship between sleep and pain, with poor sleep increasing pain and 

pain disturbing sleep. However, the influence of poor sleep on chronic pain has received 

more robust empirical support lately (47). Although this link is widely reported, different 

pathways have been proposed, and the mechanisms underlying this relationship have 

yet to be fully elucidated. Given the biological, psychological and social implications of 

sleep, it can be stated that sleep holds a pivotal place in the Biopsychosocial Model of 

pain as it intersects with multiple aspects of an individual's pain experience (40).   

1.4.3.2 Chronic pain treatment modalities based on the Biopsychosocial 

Model  

Given the complexity of chronic pain and its etiology, a multidisciplinary approach 

guided by the biopsychosocial model is commonly used for the assessment and 

management of patients with chronic pain conditions (40). This frequently includes 

education and a combination of disciplines such as physical and occupational therapy, 

pharmacotherapy, and psychology, which should be adapted in a tailored manner 

according to patients’ specific chronic pain disorders, characteristics, and preferences. 

For example, The Patients Experience Evidence Research (PEER) Simplified Guideline 

developed by the Canadian Pain Taskforce recommends physical activity as the 

foundation of a treatment plan for patients with chronic low back pain and osteoarthritis, 

with psychological therapy (e.g., cognitive behavioural therapy and mindfulness) and 

medications such as nonsteroidal anti-inflammatory drugs (NSAIDs) or certain 

antidepressants with analgesic properties as add-on options (48).  Nevertheless, it is 
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recognized that in many cases these treatment options provide limited pain relief, and 

other pharmacological options such as opioids and cannabinoids, which has been vastly 

promoted, have not led to the expected benefits. Importantly, some of the harms 

associated with opioids have been found to exceed their benefits (48-52). Additionally, 

the presence of opioid misuse behaviors associated with prescribed opioids has been 

widely acknowledged in the literature (49, 53), potentially leading to serious adverse 

health-related consequences, including overdose and death (54, 55). Therefore, given 

that pain management remains elusive in a substantial proportion of patients, and that 

some pharmacological options are associated with considerable side effects, the 

development of new treatment avenues for patients with chronic pain  is highly needed.  

1.5.1 Therapeutic use of repetitive transcranial neuromodulation and 

repetitive transcranial magnetic stimulation (rTMS) for chronic pain 

Neuromodulation techniques including non-invasive brain stimulation, are 

interventions based on external physical agents (e.g., images, sounds or ultrasounds, 

electric currents) that are delivered to the nervous system for therapeutic purposes in a 

safe manner (56). One of such techniques is repetitive transcranial magnetic stimulation 

(rTMS), which can increase or decrease neuronal activity through electric changes 

produced indirectly via magnetic fields (57). rTMS is delivered through a magnetic coil 

placed over the head that can be focalized to different areas of the brain, and in broad 

terms, different effects can be obtained depending on what area is stimulated and what 

frequency is used (58). For example, low frequencies (≤ 1Hz) can induce neuronal 

inhibitory function, whereas high frequencies (≥ 5Hz) are typically associated with 
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increased cortical excitability. Repeated stimulation to the left prefrontal cortex is usually 

associated with antidepressant and mood stabilizer effects, while repeated stimulation of 

the primary motor cortex (M1) can produce analgesic effects (59). The mechanisms 

behind the analgesic effects of rTMS are not fully elucidated, but it is thought that rTMS 

can enhance pain inhibition by stimulating brain areas involved in pain modulation, such 

as the periaqueductal grey, insula, anterior, cingulate cortex, or basal ganglia, among 

others (60, 61). Different preclinical and clinical studies have also reported the 

involvement of opioidergic, GABAergic, serotonergic, and glutamatergic pathways, and it 

seems that rTMS can also modify N-Methyl-D-aspartic acid (NMDA) receptors and induce 

long-term potentiation and depression-like mechanisms (60, 61).  

Therefore, rTMS has emerged as an alternative option to manage chronic pain 

disorders, including neuropathic pain, fibromyalgia, and some orofacial pain and 

headache disorders (62, 63). In previous years, evidence-based guidelines have been 

developed for its therapeutic use among clinical populations (59).  

1.5.2. Therapeutic use of repetitive transcranial magnetic stimulation (rTMS) 

for sleep problems 

rTMS is gaining a lot of attention as an alternative management option for sleep 

disorders, as it can affect cortical and subcortical pathways by reducing cortical arousal 

levels and by balancing autonomic function via downregulation of hypothalamic–pituitary–

adrenal (HPA) and hypothalamic–pituitary–thyroid (HPT) axes. rTMS has also been found 

to promote the release of melatonin, BDNF, and GABA, which are critical for the sleep–
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wake cycle. In a 2021 systematic review encompassing 28 studies across various 

neuropsychological conditions, the impact of repetitive Transcranial Magnetic Stimulation 

(rTMS) on sleep quality and disturbances was investigated(64). Among these studies, five 

focused on insomnia, involving a total of 303 participants. The collective findings indicated 

a global enhancement in both objective and subjective measures of sleep quality. Notably, 

improvements were observed in sleep efficiency, non-rapid eye movement (NREM) stage 

3, rapid eye movement (REM) sleep cycles, and indirect sleep markers related to the HPA 

and HPT axes. While lacking a sham control, one study suggested a correlation between 

improved subjective sleep quality and increased expression of brain-derived neurotrophic 

factor (BDNF) and gamma-aminobutyric acid (GABA) levels [6]. 

Most studies in this review targeted the dorsolateral prefrontal cortex, 

predominantly the left hemisphere, employing stimulation frequencies, such as 1 Hz. 

Reports indicated significantly reduced recurrence rates of sleep disturbances at 3 

months in the active rTMS group compared to sleep medication and psychotherapy 

groups [7]. The reported side effects were either minor, such as mild headaches and neck 

pain, or not reported. 

A subsequent systematic review, incorporating an additional 5 studies on rTMS for 

primary insomnia, recently published, included data from 211 more patients (65). Overall, 

these studies stimulated the same cortical areas at similar frequencies as those in the 

previous review, but with a higher number of sessions (e.g., 10 or 12), resulting in more 

lasting effects—improvements persisted up to 1-month post-treatment. Additionally, one 

study reported that improved sleep variables correlated with reduced functional 
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connectivity between the right insula and the left medial frontal gyrus (66). Another study 

found a significant increase in GABA and creatine concentration in the left dorsolateral 

prefrontal cortex, measured with 1H-magnetic resonance spectroscopy, associated with 

sleep improvements (67). Noteworthy findings from both reviews included the positive 

impact of dorsolateral prefrontal cortex (DLPFC) and motor cortex (M1) stimulation at 

higher frequencies on sleep quality in neuropsychiatric conditions like depression, chronic 

pain, anxiety, or Parkinson’s disease. Moreover, in healthy subjects with sleep 

deprivation, stimulation over various cortical areas at higher frequencies (5 Hz and 10 Hz) 

and over the DLPFC promoted concentration, beneficial cognitive effects, and improved 

task performance. 

In summary, potential mechanisms contributing to the improvement of insomnia 

involve reducing the hyperarousal state, regulating the HPA and HPT axis to induce 

dopamine and pineal melatonin release, increasing concentrations of brain serotonin and 

noradrenaline, and elevating serum levels of GABA and BDNF—key neurotransmitters in 

the sleep–wake cycle (64, 68). 

TMS has also explored in other prevalent sleep disorders such as sleep apnea, 

restless leg syndrome (RLS), and sleep bruxism(68, 69). In sleep apnea, research is more 

inconsistent compared to insomnia, partly due to the complexity and differences in 

underlying mechanisms. TMS has been explored as a method to recruit upper airway 

dilator muscles in patients with obstructive sleep apnea (OSA), aiming to improve 

inspiratory inflow during sleep without causing awakenings. While some studies observed 

cortical motor facilitation over the genioglossus and increased inspiratory patterns with 



31 
 

single TMS pulses, the mechanical properties of the upper airways did not significantly 

change with rTMS. High-frequency rTMS during sleep did not show improvements in 

upper airway mechanical properties, raising questions about the therapeutic potential of 

rTMS in sleep apnea. As OSA can be categorized into four different endotypes, TMS 

might be more effective in addressing specific endotypes related to muscle tone and 

hyperarousal compared to other OSA subtypes. Regarding RLS, both high-frequency and 

low-frequency rTMS applied over specific cortical areas have shown transient beneficial 

effects in RLS patients, improving subjective motor and sensory symptoms.(65) Emerging 

data also suggest that rTMS may contribute to restoring imbalances in neural circuitry, as 

measured by functional magnetic resonance imaging (fMRI) or motor-evoked potentials 

(MEP).(65, 70). Finally, evidence regarding rTMS and sleep bruxism (SB) is anecdotal 

with only one open-label study showing a decrease in muscle soreness and night jaw-

closing muscle electromyographic (EMG) activity during sleep recorded with a portable 

EMG when M1 of the masseter muscles was stimulated (71). 

1.6. Gaps in knowledge  

Although advances have been made in our understanding of the basic (i.e., 

biological) mechanisms underlying chronic pain, including TMD pain, many questions 

remain unaddressed regarding the factors that contribute to the day-to-day experience of 

pain. A considerable amount of work has focused on exploring how biological (72-74) and 

psychological (75, 76) factors contribute to inter-individual differences in pain, but less is 

known on the role of sleep. As noted earlier, sleep is intricately woven into the 

Biopsychosocial Model of pain, influencing various facets of an individual's pain 

experience. Yet, the directionality of the association between sleep and pain problems is 
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complex and unclear, and the mechanisms underpinning such association remain not 

fully elucidated (77). A further understanding of the association between sleep and pain, 

as well as their underlying mechanisms, can help to gain a deeper insight of its diagnosis 

and guide the development of targeted interventions and treatments in order to reduce 

the societal burden of chronic pain and sleep disorders. Additionally, in spite of the current 

evidence highlighting the importance of sleep in TMD (29-31), the association and 

possible interplay between sleep problems and pain among these patients is not well-

understood. A comprehensive literature review is helpful to identify gaps in knowledge 

regarding the factors that might underlie the association between sleep and TMD pain.  

Such a review can allow the assessment of the existing body of research, pinpoint areas 

where information is limited or conflicting, and recognize the specific aspects of the sleep-

TMD relationship that require further investigation. Thus, research can be directed toward 

designing new studies and targeted interventions for patients with TMD pain. 

 There is also a need to better understand the factors that contribute specifically to 

TMD pain, and how targeting these factors could be relevant for the diagnosis, prognosis, 

and management of patients with TMD. In this population (i.e., TMD), the bulk of studies 

has revolved around exploring factors contributing to the overall intensity of TMD-related 

pain in a cross-sectional manner (i.e., singe time point assessment), or in macro-

longitudinal designs. Given that TMD pain might fluctuate on a daily basis, these studies 

are limited and provide little insights into the within-day or day-to-day contributors to TMD 

pain. Little is also known on other important characteristics of TMD pain, such as abrupt 

day-to-day pain fluctuations, often termed "pain flares", which can be debilitating, and 

result in a sense of lack of control in patients’ lives  (78, 79). As noted previously, within 
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the biopsychosocial model, psychological variables such as affect (i.e., positive or 

negative affect), pain catastrophizing, and other factors such as sleep are critical in 

shaping the pain experience, but it remains unclear whether these factors play a role in 

the within-day or day-to-day fluctuations in pain that may be potentially experienced by 

TMD patients. There is empirical evidence linking poor sleep and heightened pain 

catastrophizing with an increased likelihood of experiencing pain fluctuations in conditions 

such as hip osteoarthritis and fibromyalgia (80, 81), but the contribution of these factors 

to daily TMD pain fluctuations has yet to be explored. There is reason to believe that sleep 

quality and other psychological variables such as pain catastrophizing and affect (positive 

and/or negative) could similarly be associated with within-day pain fluctuations among 

TMD patients.  

Finally, despite the use of all the standard care treatment options, the difficulty in 

managing TMD makes clinical care very challenging in a high proportion of patients. In 

this context, the development and investigation of other treatment avenues becomes 

highly significant. In that context, the exploration of rTMS in TMD patients emerges as 

alluring due to its promising analgesic potential and limited side effects (82, 83). Although 

preliminary evidence supports the analgesic benefits of rTMS among patients with 

neuropathic pain and fibromyalgia (62, 63), it remains unclear whether rTMS could lead 

to immediate or longer-term analgesic benefits among patients with chronic TMD pain.   

1.7. Thesis objectives  

The overarching goal of this thesis was to further understand the association 

between sleep and pain among patients with TMD, and to explore the potential effects of 

rTMS for reducing TMD pain and other TMD-related outcomes in this population. In the 
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context of the present thesis, two chapters were based on a review of the literature in this 

area, and other two chapters relied on experimental study designs. The specific 

objectives of the present thesis were: 

I) To review the association between sleep and chronic pain, with a specific focus 

on describing the directionality of the "sleep-pain" association and putative underlying 

mechanisms (Chapter 1). 

II) To review the association between sleep and TMD pain, with a specific focus on 

describing objective and subjective sleep measures and identifying potential areas of 

study and intervention (Chapter 2). 

III) To examine the contribution of sleep quality and psychological factors to within-

day pain fluctuations in patients with TMD (Chapter 3). 

IV) To assess the potential effects of rTMS on pain and other TMD-related 

outcomes (i.e., sleep) in patients with TMD (Chapter 4).  
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Abstract: Sleep disturbances and chronic pain are considered public health 

concerns. They are frequently associated, and the direction of its relationship and 

possible mechanisms underlying it are frequently debated. The exploration of the sleep-

pain association is of great clinical interest to explore in order to steer potential therapeutic 

avenues, accommodate the patient’s experience, and adapt the common practice of 

health professionals. In this review, the direction between sleep-pain in adult and pediatric 

populations will be discussed. Moreover, possible mechanisms contributing to this 

relationship as endogenous pain modulation, inflammation, affect, mood and other states, 

the role of different endogenous substances (dopamine, orexin, melatonin, vitamin D) as 

well as other lesser-known such as cyclic alternating pattern (CAP) among others, will be 

explored. Finally, directions for future studies on this area will be discussed, opening up 

to the addition of tools such as brain imaging (e.g., fMRI), electrophysiology and non-

invasive brain stimulation techniques. Such resources paired with artificial intelligence are 

key to personalized medicine management for patients facing pain and sleep interacting 

conditions. 

 

INTRODUCTION 

Sleep is a complex physiological and behavioral process that partially allows the 

individual to isolate from the external environment, which is thought to be essential for the 

psychological and physical recuperation, memory consolidation, emotional modulation, 
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performance, and learning 1,2. Sleep can be broadly separated into two main phases: non-

rapid eye movement (NREM) and rapid eye movement (REM). Each of these phases is 

categorized by different physiological, behavioral, neurochemical and electrophysical 

attributes. According to electroencephalogram (EEG) parameters, NREM sleep can be 

further subdivided into 3 different stages: N 1 and N 2, characterized by lower arousal 

thresholds and often referred to as “light sleep”; and N 3 (formerly 3 and 4, now merged 

into a single stage) or “deep sleep”, characterized by higher arousal thresholds and 

dominance of slow-wave brain activity. While NREM sleep is associated with stable 

decrease of mental and physical activity, heart rate, blood pressure, and breathing 1,3, 

REM or “paradoxical” sleep, which follows the NREM phase in the sleep cycle, is 

characterized by an increase of mental activity while muscles remain paralyzed or 

inactive. During REM phase, EEG patterns are more variable and physiological 

parameters such as heart rate, blood pressure or breathing frequency are unstable. 

Dreams occur in all sleep stages but REM is characterized by more vivid or creative 

dreams 4. In healthy adults, sleep onset usually occurs within 20-30 minutes of going to 

bed. A typical night of sleep encompasses 3 to 5 NREM to REM ultradian cycles (90 

minutes on average, except for the first cycle which lasts about 120 minutes), where 

lighter sleep turns into deep sleep, which is then followed by a REM phase. As the night 

advances, duration and frequency of stage N 3 decreases, stage 2 becomes more 

predominant, and REM phases become longer 5.  

It has been reported that sleep difficulties (initiating and maintaining sleep, and 

experiencing inadequate sleep) can affect approximately 20-30% of the Western 

population on a daily to weekly basis6, and as much as 45% according to a survey 
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performed in Australia7. Sleep loss impairs cognition, decision-making, psychomotor 

function, mood, and immune function 8,9. In addition, poor sleep quality is considered a 

risk factor for cardiovascular disease, dementia, obesity, diabetes, depression, pain and 

mortality, among others10-15. These physical and psychological changes can significantly 

affect health, well-being, and quality of life, sometimes leading to suicidal ideation16-19. 

Moreover, inadequate sleep leads to a significant decrease in productivity and a 

substantial financial and nonfinancial costs, becoming an important social and economic 

burden 20(Figure 1.1). 

Figure 1.1. Consequences of chronic sleep-pain interaction.  

            

Pain was defined by the International Association for the Study of Pain (IASP) as 

“an unpleasant sensory and emotional experience associated with actual or potential 

tissue damage, or described in terms of such damage” 21. Although this definition is 
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probably the most frequently used, there is not a clear consensus about its utilization, and 

recent efforts have been made in updating and reaching a more comprehensive definition 

of pain. Lately, the following definition was proposed: “Pain is a distressing experience 

associated with actual or potential tissue damage with sensory, emotional, cognitive, and 

social components”22. In fact, pain is recognized as a very complex process generated 

by neural activity in a network composed of several different structures in the brain, called 

neuromatrix, where its different components may be associated with the anticipation of 

pain, the discrimination of pain, or with the unpleasant affective manifestations of pain 

23,24. Broadly speaking, pain can be classified into three main categories: Nociceptive; 

Inflammatory; and Pathological. I) Nociceptive, considered a normal physiological 

response and an early-warning protective system in order to minimize contact with 

damaging or noxious stimuli. II) Inflammatory, when the immune system gets activated 

by tissue injury or infection, and pain assists in the healing of the injury by discouraging 

physical contact and movement, thereby promoting recovery. As they are adaptive and 

protective in nature, these two types of pain are considered functional. The third pain 

category is III) Pathological, which is maladaptive as opposed to protective. It can be 

further subdivided in a) Neuropathic, resulting from a lesion in the peripheral or central 

nervous systems; or b) Dysfunctional, when there is no such damage or inflammation 

(fibromyalgia, temporomandibular disorders, or irritable bowel syndrome).  

Pain is considered as “acute” when lasting for a duration that does not exceed the 

expected healing period (usually nociceptive or inflammatory), or as “chronic” when pain 

outlast or recur beyond the expected 3-to-6 month healing period (often pathological)  

25,26. It is reported that chronic pain affects nearly 20% of people worldwide, and that 15% 
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to 20% of all physician visits are intended to address pain-related issues 27. Annual 

estimates of the direct and indirect costs linked to chronic pain reach 635 billions dollars 

strictly in the US28, which represents a staggering economic and social burden. Beyond 

costs, chronic pain has a significant impact on patients’ well-being and quality of life, 

affecting their mood, coping resources, expectations, sleep quality, physical function, and 

daily activities, being highly related with disability and suicidal risk29-31 (Figure 1.1). Given 

the considerable suffering associated with pain, access to pain treatment is considered a 

basic human right by the World Health Organization 32,33.  

In this review, an overview of studies that have examined the relationship between 

sleep and pain will be provided. The direction of this relationship will be discussed and 

the potential mechanisms underlying this relationship will be addressed. Finally, directions 

for future studies in the area of sleep and pain will be discussed. Given the broad nature 

of our objectives, and in order to capture a higher number of study types including 

preliminary evidence, a narrative review was conducted.  

THE RELATIONSHIP BETWEEN SLEEP AND PAIN: WHAT DIRECTION? 

 Numerous cross-sectional studies have shown a high comorbidity between 

chronic pain and sleep impairments. A recent meta-analysis estimated a  pooled 

prevalence of sleep disorders in 44% of adult chronic pain patients; insomnia (72%), 

restless leg syndrome (32%) and obstructive sleep apnea (32%) being the most common 

diagnoses 34. The latter investigation also established that adult patients with chronic pain 

had worse measures for sleep onset latency and efficiency, time awake after onset and 

recurrent awakenings (large effects) when compared to controls. Moreover, chronic pain 

patients also exhibit worse scores on sleep-related measures such as total sleep time, 
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light sleep duration (NREM 1), number of stage shifts, respiratory-related events and 

periodic limb movements, even though the effect sizes were small to medium 34. Although 

the association between poor quality and chronic pain seems obvious, its directionality 

has been debated for several years. Earlier, it was thought to be bidirectional, where sleep 

impairments were thought to exacerbate pain and pain was thought to contribute to sleep 

instability or disturbances. However, recent qualitative analyses of longitudinal (less time 

points, usually far apart in time) and micro-longitudinal (more time points, close in time) 

studies point towards a stronger and more consistent unidirectional effect of sleep 

causing pain exacerbation in adult populations, especially in experimental and acute pain 

models35-39. For instance, it has been shown that sleep deprivation protocols can induce 

hyperalgesic responses (i.e., abnormally increased sensitivity to pain) that correlate with 

electrophysiological measures (e.g., decrease in laser evoked potentials) in healthy 

individuals39,40, and that some of those responses can be reversed by napping or short 

sleep, regardless of vigilance status 41. Recent comprehensive literature reviews and a 

commentary have been published lately on the bidirectionality of sleep-pain in 

adults35,42,43. For more information on this topic, the reader may refer to them. 

Among pediatric populations, the bidirectionality of this relationship is also unclear. 

A systematic review of 56 studies that included different pain conditions supported a 

bidirectional relationship between sleep and pain intensity, where besides sleep problems 

predisposing to pain, studies based on behavioral assessments and PSG generally 

detected a relationship between intense pain and disrupted sleep 44. In addition, the 

majority of these studies indicated that even after controlling for confounding variables, 

intense pain was found to be predictive of disrupted sleep patterns, and more frequent 
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headaches predicted sleep disorders symptoms such as parasomnias, sleep walking, and 

bruxism44. Nevertheless, findings from recent studies are more contradictory. On one 

hand, in keeping with evidence from the adult population, a more linear relationship 

between pain intensity and sleep disturbances was observed in several investigations. In 

a study, 67 children between the ages of 10 and 17 diagnosed with acute musculoskeletal 

pain (<1 month duration) underwent 8 nights of sleep monitoring actigraphy and 

completed pain diaries twice a day. Generalized linear models were used in order to test 

nighttime sleep as a predictor of morning pain, and evening pain as a predictor of 

nighttime sleep. The authors found that shorter sleep duration and poorer sleep quality 

predicted higher morning pain intensity. In contrast, evening pain did not predict nighttime 

sleep, suggesting that sleep deficiency, as opposed to late-night pain, is more related to 

next-day pain 45. Furthermore, another study conducted in 60 children (10-18-year-olds) 

who underwent a major surgery used a multi-methods sleep assessment (electronic 

diaries, subjective ratings, validated questionnaire measures, and ambulatory actigraphy 

monitoring; therefore, objective and subjective assessments). Findings indicated that at 

an individual level, sleep quality and efficiency were significantly reduced at 2 weeks after 

the surgery, and that poorer sleep quality was associated with greater next-day pain 

intensity 46. In contrast, two studies conducted with sickle cell disease children (n=88 aged 

8–17 years; n=30 African American 8–18 years) showed a bidirectional relationship, 

where poor subjective sleep quality and efficiency during the night were related to worse 

pain intensity the next day, and intense pain was related to poor sleep subjective sleep 

quality and efficiency that night 47,48. 
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The sections above highlight the complexity of the sleep-pain relationship as well 

as the potential factors that might underlie the direction and magnitude of this relationship. 

Caution in the interpretation of these studies is necessary as many of them did not control 

for confounding variables such as pain comorbidities or mood disorders, which are known 

to account for some of the sleep quality variability49. Another factor that should receive 

attention is the role of expectation and placebo/nocebo effects during sleep, as studies 

have shown that: i) analgesic expectations induced before sleep produced a reduction in 

cortical arousals evoked by noxious stimuli during REM sleep50; ii) induction of analgesic 

expectations before sleep leaded to a reduced nocturnal pain perception, subjective sleep 

disturbances, and activated brain processes that modulate incoming nociceptive signals 

differentially according to sleep stage 51; iii) REM sleep appears to moderate the 

relationship between pain relief expectations and placebo analgesia52; and iv) although 

nocebo effects (expectations of higher pain levels) can increase sensitivity to electrically 

induced pain,  they do not explain sleep restriction-related hyperalgesia, as they appear 

to be mediated by different cortical mechanisms than sleep restriction53. 

The possible variation between subjective or objective sleep measures needs to 

be considered as well, as it has been suggested that each of them may measure different 

aspects of sleep 54,55, and finally, more refined methodological modelling approaches to 

capture directionality are warranted for future investigations. 

POSSIBLE MECHANISMS UNDERLYING THE SLEEP AND PAIN 

RELATIONSHIP 

Sleep is an active process; it is not coma neither anesthesia. In fact, processing of 

sensory inputs could be preserved under particular circumstances56. Brain-evoked 
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potentials to painful laser stimuli, which reflect cortical activity, have been recorded during 

all sleep stages 57. Research has shown that nociceptive stimuli can interrupt sleep (more 

easily in stage 1 or 2 when compared to deep sleep or REM), and produce significantly 

more arousals than non-nociceptive ones 56,58,59. Moreover, electroencephalographic 

(EEG) thalamic signals seem to vary according to the nature of the awakenings (i.e., 

"spontaneous" vs “nociceptive-induced”)60. 

Although the link between sleep and pain is widely established, the mechanisms 

underlying this relationship have yet to be fully elucidated. Different reports have pointed 

towards the potential role of endogenous pain modulation, inflammatory markers, affect, 

mood and other states such as emotional distress or catastrophizing as possible 

mediators. Moreover, we will also discuss the potential importance of different 

endogenous substances, and the role of other mechanisms brain such as brain 

anatomical areas or cyclic alternating pattern (Figure 1.2). 
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Figure 1.2. Possible mechanisms underlaying the sleep-pain relationship in sleep 

and awake models. 

  

Abbreviations. IL-6: interleukin 6; CRP: C reactive protein. NAc: nucleus accumbens; 

A2A: Adenosine 2 receptor; PAG: periaqueductal grey; EEG: electroencephalogram; 

EMG: electromyogram; 25OHD: 25-hydroxyvitamin D. Legend: Putative mechanisms 

include 1) increased pain facilitation and decreased pain inhibition in females, secondary 

hyperalgesia in males, and decreased pain habituation in both sexes; 2) Increased 

specific pro-inflammatory markers and non-specific related to blood pressure, 

sympathetic arousal, and coagulation; 3) Increased brain region specific activity and 

decreased dopamine subtype receptor and brain region specific activity; 4) Increased 
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negative affect, anxiety, depression and catastrophizing and decreased positive affect; 5) 

Increased sleep instability as measured by cyclic alternating markers, frequency and 

duration; 6) Increased release of endogenous substances such as orexin A and cortisol, 

and decreased release of melatonin and Vitamin D. 

Endogenous pain modulation (EPM). EPM can be defined as the array of 

actions of several central nervous system (CNS) mechanisms that affect nociceptive 

signal processing. Deficient EPM, can be represented by increased pain facilitation or 

impaired pain inhibition. Pain facilitation can be measured through temporal summation 

paradigms, by delivering suprathreshold noxious stimuli repeatedly in frequencies ≥ 0.33 

Hz that lead to increased pain perception61, and it is considered a clinical correlate of the 

wind-up phenomenon62. Pain inhibition can be assessed through conditioned pain 

modulation (CPM), offset analgesia, or a combination of both. CPM paradigms are the 

clinical equivalent of “pain inhibits pain” testing in animal models, which triggers diffuse 

noxious inhibitory controls, and it is usually induced by presenting two noxious stimuli in 

distant body sites simultaneously or sequentially 63. Alternatively, offset analgesia is 

another paradigm that represents a temporal filtering of nociceptive information, where a 

disproportionately large decrease of pain perception after a brief, temporary increment of 

thermal pain stimulus occurs 64,65. The presence of increased pain facilitation and 

impaired pain inhibition has been implicated in the development and maintenance of 

various chronic pain conditions, including musculoskeletal, visceral, and neuropathic pain  

66-71. In addition, it has been suggested that EPM testing can be used to predict pain onset 

and also pain treatment outcomes72-74.   
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The effects of sleep on EPM mechanisms have been investigated in different 

studies. Although both pain facilitation and inhibition mechanisms have been found to be 

altered in in an insomnia population (n=17) when compared to controls75, it has been 

suggested that pain inhibition could be more affected by sleep disruption than pain 

facilitation. Females were also found to be more susceptible to sleep deprivations effects 

in EPM than males 37,76,77. A cross-over balanced study (i.e., one night of total sleep 

deprivation was contrasted with one night of habitual sleep) showed that the endogenous 

capacity to inhibit pain was only reduced in sleep-deprived females, further pointing 

towards a sex-dependent effect of total sleep deprivation on descending pain pathways77. 

In another study conducted among healthy females in which partial sleep deprivation was 

induced by forced awakenings, a significant loss of pain inhibition and an increase in 

spontaneous pain was observed, suggesting that sleep continuity disturbance can impair 

EPM inhibitory function78. On the contrary, other studies have shown absent-to-mild 

effects of partial sleep restriction and sleep alterations in CPM and temporal summation 

measures, the latter findings being at odds with previous findings. However, no sex-

specific effect was assessed 79,80.  

Although conjectural, a recent study conducted among 79 healthy adults showed 

that the association between sleep disruption and central sensitization (pain amplification 

by central nervous system [CNS] mechanisms) involved distinct action mechanisms 

according to sex. In males, sleep disruption induced secondary hyperalgesia, whereas 

sleep disruption increased temporal summation in females 81. Another study followed 14 

healthy individuals undergoing both a 3-week protocol involving restricted sleep with 

limited recovery (5 nights of 4 hours sleep per night followed by 2 nights of 8 hours sleep 
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per night) and a control protocol involving 3 consecutive weeks of normal sleep (8 hours 

sleep per night). Spontaneous pain, heat-pain thresholds, cold-pain tolerance and 

habituation, and temporal summation were measured at multiple points during each 

protocol. Compared to participants exposed to the control protocol, participants in the 

sleep-restriction protocol experienced mild increases in spontaneous pain, decrease in 

time of heat-pain thresholds, decreased pain habituation, and increased temporal 

summation in the last 2 weeks of sleep restriction. These results suggest that exposure 

to chronic insufficient sleep may increase vulnerability to chronic pain by altering 

processes of pain habituation and sensitization 82. Interestingly, other study showed that 

one night of sleep deprivation resulted in an attention‐dependent enhancement of 

habituation to noxious laser stimuli, which could be interpreted as a homeostatic self‐

protective mechanism produced by sleep deprivation 40,83. 

Subjective sleep quality has been related to CPM efficacy in both fibromyalgia and 

acute low back pain patient populations 84,85. Moreover, in a PSG study of patients 

experiencing chronic TMD pain, decreased sleep efficiency was significantly associated 

with diminished pain inhibition or CPM efficacy 86. Likewise, self-reported sleep 

disturbances in chronic rheumatoid arthritis patients were related to reduced CPM 

efficacy 87. In sum, alterations in EPM appears to be a potent mechanism underlying the 

sleep and pain relationship. However, longitudinal studies are needed to ascertain the 

importance of EPM in new onset and chronification of pain. Moreover, the effects of sleep 

in other EPM testing such as offset analgesia could provide different lines of valuable 

research 88,89.  
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Inflammation. Inflammation itself, as in many other chronic pain conditions, has 

been an essential constituent in the relationship between sleep and pain 90.  Pro-

inflammatory cytokines (i.e., IL-1, IL-6 and TNF-) are known to be part of the 

development of inflammatory and neuropathic pain 91 and are primarily involved in the 

regulation of sleep through the central nervous system 92. The immune system is also 

characterized by variations modulated by the sleep-wake cycle. For example, some 

immune cells are at their lowest point in the morning, while others reach their peak level 

at night 93-95. An increase of cytokines secretion has been observed in a context of sleep 

deprivation 93,96, and morning IL-6 concentrations were negatively associated with 

impaired sleep quality among healthy adults 97. Interestingly, a meta-analysis of cohort 

studies and experimental sleep deprivation models indicated that sleep disturbance and 

long sleep duration, excluding short sleep duration, were associated with increases in 

markers of systemic inflammation (CRP and IL-6)98. It has been reported that sleep 

deprivation can also exert important effects on the host defense including immune 

memory (i.e., the ability of the immune system to respond more rapidly and effectively to 

pathogens that have been encountered previously), thus increasing the risk for 

infections99. Chronic sleep deficiencies, as seen in insomnia, could increase low-grade 

inflammation (i.e., the chronic production, but in a low-grade state, of inflammatory 

factors) through different mechanisms, such as intestinal dysbiosis, impairment of HPA 

axes, circadian sleep disruption, obesity, or physical inactivity among others. On the other 

hand, inflammation/immune response can affect sleep as well, through cytokines, 

prostaglandins, or other sleep regulatory substances, such as components and/or 

decomposition products of pathogens65,72. 
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Autonomic activation and resistance to insulin are other theorized mechanisms 

involved in the sleep inflammation pathway92,100. It has been shown that blood pressure, 

sympathetic products and pro-coagulatory markers were increased in healthy participants 

after sleep deprivation100, and that the experience of acute and physical stress force along 

with the increase of blood pressure trigger inflammatory mediators 101,102. Alternatively, 

resistance to insulin  and reduction of glucose metabolism have been linked to impaired 

vascular function and increased inflammation 103,104. Thus, parameters such as 

sympathetic activation, stress, metabolism and sex, need to be accounted when making 

assumptions about this relationship. 

In sum, the sections above highlight the importance of inflammation in the sleep 

and pain relationship, as sleep alterations may lead to an alteration of the immune 

response that could worsen chronic pain disorders, and inflammation products could 

dysregulate sleep mechanisms.  

Affect, mood, and other states. Negative affect (NA) is a personality variable that 

involves the experience of negative emotions such as anger, contempt, disgust, guilt, fear 

and also poor self-concept, while positive affect (PA) is characterized by emotions such 

as enthusiasm, energy, confidence, activeness, and alertness. Although NA and PA are 

negatively correlated, they are not completely opposite constructs105, being actually 

psychometrically different106. The relationship of these affective states and sleep has 

been firmly demonstrated, with some studies showing the effect of sleep disruption on 

PA/NA and vice-versa107,108. The same concept has also been observed with chronic 

pain109. Higher NA is thought to increase arousal and hypervigilance to pain, causing 

sensitization to pain, avoidance, and functional disability110. On the contrary, it is believed 
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that higher PA attenuates both the perception of pain and the negative affective response 

to pain, increasing the resilience of the individual, whereas the absence of PA exposes 

vulnerable patients to poor pain-related outcomes111,112.  

NA/PA are considered some of the most important mediators in the sleep and pain 

relationship in non-clinically depressed samples. A cross-sectional study conducted in 

213 children and adolescents presenting with chronic pain indicated that 74% of children 

reported altered sleep and that poor sleep quality was significantly associated with 

increased pain, disability, higher NA, and decreased PA. NA (but not PA) was considered 

as a mediator of the relationship between poor sleep and increased pain, and both NA 

and PA mediated the relationship between poor sleep and increased functional disability 

113. In the latter study affect did not modulate the relationship between poor sleep and 

increased pain. Another cross-sectional study was conducted in 948 mid‐to late‐life 

individuals with chronic pain. Mediation analyses revealed that sleep disturbance 

indirectly predicted pain interference via NA and PA, and that both of these 

neurotransmitters mediated the total sleep time and pain interference relationship114. A 

longitudinal study conducted in 220 patients with fibromyalgia involved completion of 

electronic diary records for 21 consecutive days assessing both pain levels and 

subsequent activity interference and levels of PA and NA. Multilevel structural equation 

modeling showed that pain and PA mediated the relation between sleep quality and 

activity interference, that early-morning reports of poor sleep quality the previous night 

predicted elevated levels of pain and lower levels of PA at late-morning. In turn, PA levels 

measured at the late-morning time point also predicted elevated end-of-day activity 

interference. PA levels were also found to be a stronger mediator than pain between sleep 
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quality and subsequent activity interference, while NA was not a significant mediator in 

this study115.  

These reports highlight NA and PA as essential contributing factors to consider if 

we are to understand the relationship between sleep and pain. Further longitudinal 

research on this matter, incorporating objective sleep measures and perhaps also 

neuroimaging, may help to further clarify the exact role of NA and PA in this relationship. 

The pivotal role played by affect as a mediator of the sleep and pain association also has 

important clinical implications. More specifically, there is reason to believe that treatment 

interventions designed to improve sleep quality might improve patients’ affective states 

(i.e., by lowering negative affect and/or enhancing positive affect), which in turn could 

lead to reductions in pain. Treatment studies involving cognitive-behavioral treatment 

approaches designed to improve sleep quality, chronic pain, or both, have proven 

effective in improving sleep symptoms, patients’ affective states and pain-related 

outcomes 116-118. 

Other comorbidities frequently associated with deteriorated sleep and chronic pain 

are mood disorders such as anxiety and depression. Studies have shown that depressive 

symptoms partially mediate the relationship between insomnia/short sleep and chronic 

pain development, and that anxiety symptoms partially mediated the relationship between 

insomnia symptoms and incidence of pain119,120. Additionally, elevated emotional distress 

and greater catastrophizing have also been considered mediators of the association 

between sleep disturbance and chronic pain intensity 121. When referred to pain, 

catastrophizing has been defined as the tendency to magnify the threat value of pain 

stimulus and to feel helpless in the context of pain, and by a relative inability to inhibit 
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pain-related thoughts in anticipation of, during or following a painful encounter122. A cross-

sectional study conducted in 214 participants with TMD showed that pain catastrophizing 

was associated with greater sleep disturbance, and that a significant portion of the 

variance of clinical pain severity and pain-related interference attributed to pain 

catastrophizing, especially through rumination, was mediated by sleep disturbances123. 

However, another longitudinal study conducted in 50 consecutive chronic non-malignant 

pain patients, concluded that pain was the mediator in the relationship between sleep and 

pain catastrophizing 124. Nevertheless, one should note that the tested models did not 

include pain as an antecedent to poor sleep quality or catastrophizing as a moderator. 

Endogenous substances (dopamine, orexin, melatonin, vitamin D). 

Dopamine (DA) is a neurotransmitter and also a hormone involved in several functions of 

the body. In the brain, DA is well known for playing a major role in the sleep-wake cycle, 

in the reward motivation system, and for its involvement in movement control. In the sleep-

wake cycle, more DA is associated with more time awake, and less DA with a sleep 

inductor state.  It is currently thought that dopamine neurons are a heterogeneous 

population of neurons that respond to both appetitive and aversive stimuli to mediate 

motivated behavior125.  

Release of dopamine after an acute painful stimulus acts as a salience cue and is 

critical for approach or avoidance behavior. It has been theorized that chronic pain may 

lead to significant impairment of the mesolimbic dopaminergic system (i.e., reward 

pathways), which in turn could interfere with motivation125. Moreover, animal models 

showed that acute sleep deprivation is associated with downregulated D2/3 receptors 

activity, which could at least partially explained reduced alertness after sleep 
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deprivation126. Downregulation of D2/3 receptors activity may also affect other systems 

where DA is involved, including the reward motivation and pain modulation systems 127. 

DA has also been related with antinociceptive effects and with motivated behavior despite 

chronic pain 127-129, and some authors have hypothesized that this “lack” of DA may lead 

to a decreased protection towards pain, which then facilitates nociception 127. For 

instance, in fibromyalgia patients, one of the most common chronic pain conditions, a 

dysfunction of the dopaminergic system has been observed130. Moreover, patients with 

Parkinson's disease, a neurodegenerative disease where DA projections are 

progressively abolished, also present frequent pain and sleep complaints131. 

Orexin, also known as hypocretine, is a neuropeptide involved in the regulation of 

arousal, wake-sleep cycle, and appetite among others, which has become very popular 

in recent years for its involvement in multiple central nervous system processes. Two 

types of orexin peptides (Orexin 1 and 2) and two types of receptors, orexin receptor 1 

(OX1R) and orexin receptor 2 (OX2R) have been identified. The orexinergic system has 

different projections to various areas in the CNS, and the latter system is thought to be 

involved in different physiological functions and conditions such as feeding and 

metabolism, cardiovascular homeostasis, hormone secretion, reproduction, sleep/wake 

cycle, reward and addiction, anxiety and stress, seizures, and recently pain modulation 

132-134. To date, the bulk of evidence on the various roles of orexin in pain comes from 

animal models and suggests a contribution of the orexin system to neuropathic and 

visceral nociception, headaches, orofacial pain, rheumatoid arthritis, and stress-induced 

analgesia among others. It appears that that the effects of orexin-A on pain is more potent 

than orexin-B, and that these orexin subtypes can regulate thermal, mechanical and 
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chemical antinociceptive effects at spinal and supraspinal levels135. Despite having their 

main cell bodies located in the hypothalamus, regions such as the cerebral cortex, basal 

ganglia, NAc, hippocampus, hypothalamic and thalamic nuclei, dorsal and medial raphe, 

locus coeruleus (LC) and regions involved in pain modulation, such as periaqueductal 

gray (PAG) and reticular formation, also receive projections from the orexin system. 

However, the exact action mechanism of this system in nociception and pain modulation 

is not fully understood.  

Other important substance is melatonin (5-methoxy-N-acetyltryptamine), a 

neurohormone secreted in the pineal gland and regulated by the suprachiasmatic 

nucleus. It is synchronized to the light/dark cycle of the environment and is involved in 

circadian rhythms, which control its timing, quantity, and quality. Melatonin acts through 

melatonin 1 (MT1) and MT2 receptors in mammals, located in the hypothalamus, 

thalamus, anterior pituitary, dorsal horn of the spinal cord, spinal trigeminal tract, and 

trigeminal nucleus136,137. Besides participating in circadian rhythms, melatonin is also 

involved in other physiological functions, such as mood states and pain regulation. 

Additionally, melatonin has been related to the pathogenesis of a number of 

neurodegenerative diseases including Alzheimer’s disease, Parkinson’s disease and 

Huntington’s disease 136,137. It appears that melatonin also has free-radical activity and 

interacts with different pathways involved in pain, including N-methyl-D-aspartate (NMDA) 

and GABA, opioid, extracellular signal-regulated kinase (ERK/MAPK), and nitric oxide 

systems. Thus, melatonin could decrease pain improving sleep through circadian rhythms 

normalization, but also in an independent manner through its action on melatonin 

receptors and several neurotransmitter systems 138. Animal models have also 
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demonstrated that the suppression of melatonin secretion due to sleep deprivation can 

increase glial activation and aggravate neuropathic pain 139. Moreover, disrupted 

melatonin secretion has been related to clinical symptoms in major depression and 

fibromyalgia patients 140.  

Vitamin D is another essential substance that can be obtained through sunlight 

exposure or diet, available in different types. Vitamin D plays a major role in calcium 

metabolism and bone mineralization among others 141. Its status is based on the serum 

levels of 25-hydroxyvitamin D (25OHD), the metabolite found in the human body in higher 

concentration. Vitamin D is also related to the sleep-wake cycle and with the nociceptive 

process, mainly due to its role on inflammation142-144. Different studies have speculated 

about the importance of vitamin D in sleep disorders, as it appears that vitamin D 

receptors have been found in different sleep-awake cycle areas such as the 

hypothalamus, and that lower levels of 25OHD have been correlated with shorter sleep 

duration, less sleep efficiency, and with the presence of sleep disorders such as 

obstructive sleep apnea (OSA) in adults and pediatric patients, restless leg syndrome or 

narcolepsy143. In an OSA study, along with clinical symptoms, 25OHD levels increased 

with continuous positive airways pressure (CPAP) treatment, mainly in an obese group145. 

Vitamin D and its modulating role on the immune system and the inflammatory cascade 

has been emphasized, suggesting possible neuro-immunomodulatory properties143. As 

with sleep conditions, lower levels of 25OHD (frequently defined as lower than 20ng/mL) 

have been found in fibromyalgia, rheumatoid arthritis, osteoarthritis, or sickle cell disease 

among others 143,144. Decreased 25OHD has also been associated with a higher 
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consumption of opioids in a cancer pain population, and with exacerbated central 

sensitivity in a chronic musculoskeletal pain sample 146,147.  

Finally, attention should also be directed towards the role of other 

neurotransmitters such as serotonin, noradrenaline or oxytocin, which are commonly 

implicated in sleep and chronic pain pathways148,149.    

Anatomical brain areas. A recent study, using a controlled laboratory sleep 

deprivation model in 21 healthy subjects, evaluated the acute effects of experimental 

sleep disruption on pain-related activation of the nucleus accumbens (NAc) with 

functional MRI (fMRI). The NAc is a brain area involved in pain modulation and reward 

motivation, receiving multiple dopaminergic inputs from different brain structures also 

involved with pain and cognition. The results of this study demonstrated that sleep 

disruption can attenuate NAc function and increase reward-related connectivity with the 

anterior midcingulate cortex (aMCC), a region commonly associated with the use of 

cognitive resources to regulate pain 150. Furthermore, there is evidence showing that 

sleep deprivation increases pain by increasing NAc adenosinergic A2A activity and by 

decreasing NAc dopaminergic D2 activity, and that chronic sleep restriction increases 

pain sensitivity over time in the PAG area (primary control center for descending pain 

modulation) and NAc in a dependent manner 151,152.  

Other recent fMRI study investigated thermal pain thresholds in 25 healthy 

participants undergoing one night of sleep and one night of sleep deprivation 153. After a 

PSG night of normal sleep or sleep deprivation (enforced wakening period with non-

stressful activities), thermal pain thresholds were assessed outside the fMRI scanner, 

which was followed by an in-scanner thermal pain sensitivity task. The latter involved a 
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pseudo-randomly ordered sequence of painful hot, and non-painful warm stimuli. The 

authors observed that sleep deprivation significantly increased pain reactivity within the 

right primary somatosensory cortex (the pain was induced over the left side of the body) 

and that the extent of sleep deprivation amplified somatosensory pain reactivity positively, 

which significantly predicted the lowering of pain thresholds. Moreover, following sleep 

deprivation, significant decreases in activity were observed in the thalamus and other 

brain areas involved in decision-making such as the striatum, insula, and NAc. The 

reduction of thalamic activity also significantly and negatively predicted lowering of pain 

thresholds across individuals. Authors concluded that sleep loss triggering hyperalgesia 

involves complex brain processes, as the impact of insufficient sleep on pain likely 

involves both an amplification of primary cortical pain processing, potentially due to 

thalamic disinhibition, and a shift in affective valuation and decision-making involving the 

insula and NAc153. 

Cyclic Alternating Pattern (CAP). As mentioned above, sleep is an active 

process, where the individual is not completely isolated from external and internal stimuli. 

During NREM sleep, a process called CAP is present154. CAP is considered a 

visualization method and a physiological phenomenon that represent the balance 

between sleep quietness and sleep arousal. Thus, there are frequent brief brain, heart, 

and muscle reactivations or microarousals called “windows” that last 3 to 15 seconds. 

These windows occur approximately 5 to 15 times per hour, allowing the individual to 

reposition or to recognize any harmful situation155.  The sleep arousal is part of a 

protective “flight or fight mechanism” that remains present during NREM sleep to preserve 

body integrity (sleep positioning, adjustments in heart rate, etc.) and to react to 
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threatening event. This process does not occur in an “abrupt binary way”, as it appears 

that it may represent to some extent a transition between wakefulness and sleep, in order 

to preserve the continuity of sleep over the possibility to react in life-threatening situations 

60. CAP is divided into two phases: an active and a quiet phase. The active A phase is 

further subdivided in A1 (high dominance of slow-wave sleep/ promotor of sleep 

restoration), in A2 (a transition phase) and A3 (an arousal-dominant phase that is 

essential for our survival).  The high rate of A2 and A3 phase represents sleep 

fragmentation, which is associated with higher number of arousals and decreased sleep 

efficiency154,155.  During the quiet phase, corresponding to the B phase,  sleep is very 

stable and quiet 156.  CAP phases are in the minute’s domains and their rate rise with age 

or in presence of disease. Therefore, it seems that CAP represents a possible “window” 

for arousal, and in fact, CAP is considered by many as a marker of sleep instability155. 

Despite the fact that CAP has not been widely investigated in chronic pain 

populations, some studies have been conducted among patients with fibromyalgia. These 

patients have been found to present 50% more cyclic arousal shifts (heart, EEG and EMG 

changes) during their sleep, and that CAP rate and duration were significantly increased 

in these patients when compared to controls. This activity pattern suggests a possible 

autonomic dysfunction and an alteration in sleep microstructure. It is to note that these 

results have yet to be reproduced in other studies. CAP was also associated with less 

sleep efficiency and more clinical symptoms such as pain intensity, and recent 

speculations suggested that sleep may cause the same effect as a stressing test in 

chronic pain patients 157,158. Moreover, CAP has also been strongly associated with the 

onset of sleep bruxism159. More investigations about this marker in pain populations could 
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better illustrate its role in the sleep and pain relationship, perhaps clarifying the relative 

weight of this possible mechanism. 

 

Other sleep-pain mediators. Other identified mediators for the relationship 

between impaired sleep and higher pain intensity are fatigue, activation of HPA axis 

measured through cortisol160,161, and although inconclusive, several authors have 

identified the need to further investigate the role of physical activity, frequently associated 

with sleep disturbances and chronic pain162,163. Caffeine, alcohol or nicotine intake, other 

comorbidities, and the use of medications such as opioids can also have direct influence 

on sleep quality and pain instability164,165.  

 

FUTURE DIRECTIONS  

Although more longitudinal, micro-longitudinal and mediation studies using 

subjective and objective outcomes have emerged in the past few years, additional studies 

using brain imaging (e.g., fMRI), electrophysiology, or human adaptation of other 

techniques (e.g., optogenetics, chemogenetics) will be needed to shed light on the neural 

underpinnings underlying the sleep and pain association166,167. The use of non-invasive 

techniques, such as transcranial magnetic stimulation (TMS) or transcranial direct current 

stimulation (tDCS) may also be of great value to further investigate the mechanisms 

underlying the sleep-pain association. Research will be needed to determine whether 

non-invasive techniques such as TMS or tDCS could represent an effective therapeutic 

alternative for patients with pain with comorbid sleep problems. For instance, both 
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techniques have been used to treat different chronic pain and sleep conditions 168-172, and 

TMS was also used to assess cortical excitability of OSA, restless leg syndrome (RLS), 

and chronic insomnia patients 173,174.  Finally, novel modeling techniques will be needed 

to thoroughly assess potential relationships between sleep and pain phenotypes. 

Machine learning, for instance, is a mathematical approach that can help to identify 

patterns or clusters in variables in order to characterize phenotypes and observe more 

precise characteristics of vulnerability among patients. For example, it could be used to 

evaluate: a) the influence of pain and use of management strategies (medication, CBT, 

etc.) on sleep, which is not solidly confirmed with usual statistical method; and b) to further 

assess the impact of poor sleep or sleep disturbances on next-day functioning, pain, or 

quality of life 175,176. Such tools could reveal to be a major addition to personalized 

medicine diagnosis and treatment for patients facing pain and sleep conditions. 
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Transition to Chapter 2 

Chapter 1 provides a comprehensive review of the bidirectional relationship 

between sleep and pain, including its mechanisms and multifaceted nature. Our review 

found consistent evidence indicating that poor sleep quality can subsequently lead to 

increased pain intensity and decreased pain tolerance. However, evidence indicating that 

chronic pain leads to altered sleep patterns and/or sleep problems is less consistent. The 

mechanisms contributing to the sleep-pain relationship are complex and include 

alterations in endogenous pain modulation, increased inflammation, and endogenous 

substances such as dopamine, orexin, melatonin, and vitamin D. Mechanisms that have 

received less attention, such as the cyclic alternating pattern (CAP), also appear to play 

a role in the sleep and pain association. Finally, psychological factors such as affect/mood 

and pain catastrophizing also play an important role in the co-occurrence of sleep and 

pain problems.  

Given that the sleep and pain association might not unfold equally across all pain 

conditions, Chapter 2 of the present thesis reviewed the literature on sleep and 

temporomandibular disorders (TMD), the most common orofacial pain condition after 

odontogenic pain. Specifically, we will examine how TMD affects sleep quality and 

patterns, as well as how sleep disturbances can exacerbate TMD symptoms. The review 

also offered a thorough description of objective and subjective sleep measures that could 

be used in future studies.  Finally, the potential clinical utility of our review findings for the 

screening and management of TMD patients was discussed. 
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ABSTRACT: Sleep complaints are frequently reported by patients with 

temporomandibular disorders (TMD). This review aims to offer dental practitioners and 

allied specialties a basic understanding of sleep quality, measured it subjectively and 

objectively, and common sleep disturbances that are present in TMD patients. Guidance 

in identifying and managing patients with TMD and comorbid sleep related complaints will 

be provided as well. Dentists should be able to screen sleep disorders such as insomnia, 

sleep disordered breathing (apnea, snoring), or sleep bruxism, and to refer patients to the 

appropriate specialist when necessary Individualized management and a multidisciplinary 

approach must be pursued when managing patients with TMD and comorbid sleep 

disturbances and/or sleep disorders, such as insomnia or obstructive sleep apnea.  

 

 

Keywords: “polysomnography” “pain” “temporomandibular joint disorders” “sleep apnea 

syndromes” “surveys and questionnaires” “comorbidity”.  
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INTRODUCTION 

Patients with painful temporomandibular disorders (TMD) also present several 

sleep related complains 1. They may feel that their sleep is not restorative/recuperative 

as expressed by wake time tiredness, fatigue, and lack of energy with an important impact 

on mood. Poor sleep in vulnerable subjects can contribute to the presence and 

maintenance of pain, while pain also may interfere with sleep onset or maintenance. 

Although the directionality of the sleep-pain relationship is still debated, both sleep and 

pain (including TMD) have important consequences in the individual’s well-being and in 

the socioeconomic system 2.  

The objective of this narrative review is to guide dentists identifying and managing 

TMD patients with sleep related complaints. Given the clinical nature of our objectives 

and in order to enhance clinical accessibility and explore emerging areas, a narrative 

review was conducted. Dentists need to screen sleep disorders such as insomnia, sleep 

disordered breathing (apnea, snoring), and sleep bruxism. In some cases, dentists may 

also check for the impact of other conditions such as periodic limb movement syndrome. 

Possible management options in situations where sleep disturbances and TMD co-exist 

will be described as well. Sleep bruxism will not be covered in this review, as it will be 

addressed in another article from this journal issue.   

For more information about the impact of sleep on other orofacial pain disorders, a series 

of recent comprehensive reviews may also be consulted 3-5. 

 

WHAT IS PAIN 
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Pain has been defined by the International Association for the Study of Pain (IASP) 

as “an unpleasant sensory and emotional experience associated with actual or potential 

tissue damage, or described in terms of such damage” 6. When pain lasts beyond what 

is considered a normal expected healing period, it is categorized as chronic (often 

delimited as more than 3 or 6 months). To be noted that a consensus is not yet reached 

on the very accurate definition of pain, and other definitions such as the following: “Pain 

is a distressing experience associated with actual or potential tissue damage with 

sensory, emotional, cognitive, and social components” have also been proposed 7. 

Orofacial pain is a type of pain present in the face or in the oral cavity thus 

comprehending different painful disorders affecting teeth, nerves, and musculoskeletal 

structures. TMD is an umbrella term referring to different disorders that affect the 

temporomandibular joint (TMJ) and/or muscles of mastication8. Signs or symptoms of 

TMD include pain and tenderness in or around the ear, the jaw joint, or the muscles of the 

jaw, face or temples. Other symptoms include mechanical problems when opening or 

closing the mouth, such as difficulty to open the mouth, and clicking, popping, crunching 

or grinding noise when chewing, yawning or moving the jaw. Painful TMD can be broadly 

divided in articular, when the pain is originated in the TMJ, and muscular, when the origin 

of pain is in the muscles of mastication. However, a combination of both is quite frequent. 

After pain of dental origin, TMD are the most frequent orofacial pain disorders, affecting 

up to 12% of the general population9.  

The exact pathophysiological mechanisms of painful TMD are currently unclear, 

although it is thought to be a combination of peripheral and central mechanisms10-13. TMD 

frequently coexist with other painful trigeminal conditions such as migraine and tension 
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type headache and with other extra-trigeminal ones such as fibromyalgia, being often 

categorized as one of the “chronic overlapping pain conditions”14-17. Patients with chronic 

TMD usually present psychosocial issues, which include mood disorders or different sleep 

disturbances (Figure 2.1) 18,19. 

Figure 2.1. Sleep disorders/issues that can be associated with temporomandibular 

disorders (TMD) 

 

WHAT IS SLEEP 

Behaviorally, sleep is defined as the quiescence accompanied by closed eyes, 

recumbent posture, limited muscular activity and a reduced response to sensory stimuli, 

which can be easily reversed. Sleep can be divided into two main phases: non-rapid eye 

movement (NREM) and rapid eye movement (REM). Each of those is categorized by 

different behavioral, physiological, neurochemical and electrophysical attributes20,21. 
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NREM sleep can be further subdivided into 3 different stages according to 

electroencephalogram (EEG) parameters, being stage N1 and N2 considered as “light 

sleep” (lower arousal thresholds), and N3 (formerly 3 and 4, now merged in one stage) 

as “deep sleep” (higher arousal thresholds and dominance of slow wave sleep). NREM 

sleep is associated with decreased mental and physical activity, heart rate, blood 

pressure, and breathing frequency among others, which is stable across the stages 20,21. 

On the other hand, REM or “paradoxical” sleep, which follows the NREM phase in the 

sleep cycle, is characterized by an increase of mental activity while muscles maintained 

paralyzed or inactive. During REM phase, EEG patterns are more variable and 

physiological parameters such as heart rate, blood pressure or breathing frequency are 

more instable. It is in this phase where dreams more frequently occur 22.  

In healthy adults, sleep onset usually occurs after 20-30 minutes of going to bed. 

A typical night of sleep encompasses 3 to 5 NREM to REM ultradian cycles (90 minutes 

on average, being 120 minutes the first one), where lighter sleep turns into deep sleep, 

which is then followed by a REM phase, for a total of 6-9 average hours of sleep. As the 

night advances, stage N 3 decreases, stage 2 becomes more predominant, and REM 

phases become longer 23. During these cycles, there are frequent brief brain, heart, and 

muscle reactivations or microarousals called “windows” that last 3 to 15 seconds. Those 

occur approximately 5 to 15 times per hour, allowing the individual to reposition or to 

recognize any harmful situation24.  

Sleep is an active process, it is not coma neither anesthesia.  During sleep, a cyclic 

alternating pattern (CAP) is present. CAP is a visualization method and a physiological 

phenomenon that represents the balance between sleep quietness and sleep arousal. 
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The sleep arousal is part of a protective “fight or flight” mechanism that remains present 

during NREM sleep to preserve body integrity (sleep positioning, adjustments in heart 

rate, etc.) and to react to threatening events. CAP is divided in 2 phases: active and quiet. 

The active (A) phase is further subdivided in A1 (high dominance of slow wave sleep, 

promotor of sleep restoration), in A2 (a transition phase) and A3 (an arousal dominant 

phase, essential for survival). The high rate of A2 and A3 phase represents sleep 

fragmentation. The quiet phase (B), is the one during which sleep is very stable and quiet 

25.  CAP phases are in the minute’s domains and their rate rise with age or in presence 

of different conditions. For example, more active phases are observed in fibromyalgia 26, 

and CAP has been associated to the onset of sleep bruxism27. 

Sleep deprivation 

Sleep deprivation, which can be briefly defined as lack of sleep or too short sleep, 

can occur due to bad habit, poor sleep hygiene, age, or disorder/disease. It can be also 

induced experimentally by total prevention or partial restriction of sleep, done by retarding 

sleep onset or waking a subject in the night for a given period.  

Sleep deprivation is present in around 20% of the general population and it may 

be associated to sleep disorders such as insomnia or sleep apnea 28.  Studies have 

shown that sleep deprivation can affect memory, mood, physical activity, immune system, 

metabolism, and increase the risk of motor vehicle accidents, cardiovascular diseases, or 

dementia among others29-31, and sleep disturbances are frequently associated with 

pain32.  
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Importantly, the intake of alcohol and tobacco, two of the most commonly used 

psychoactive substances in the community, can disrupt sleep through different 

mechanisms. For example, it is thought that alcohol disrupts sleep architecture, triggers 

insomnia, contributes to abnormalities of circadian rhythms, and also increases breathing-

related sleep events such as snoring and oxygen desaturation33. Additionally, tobacco 

smoking, probably due to nicotine, has been also associated with disrupted sleep 

architecture, and it is considered a risk factor for sleep disordered breathing 34,35. 

Stimulant medications such as methylphenidate or amphetamine can led to longer sleep 

latency, worse sleep efficiency, and shorter sleep duration36, and opioids, which can be 

used to treat pain, may exacerbate sleep disturbances and increase sleep apnea 

episodes 37. 

 

Sleep and pain interaction 

In healthy individuals, sleep restriction has been shown to be associated with the 

development of clinical somatic pain-related complaints 38, and to produce hyperalgesic 

effects such as decreased pressure pain tolerance 39 40, heat pain thresholds 41, and 

withdrawal latency 42. Sleep disturbances have also been associated with alterations in 

endogenous pain modulation, with sex specificity to be confirmed 43-45.  In fact, a recent 

study showed increased secondary hyperalgesia in males and significantly increased 

temporal summation in females, suggesting that different pain mechanism and pathways 

may be associated to sex 43.  
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The interaction between sleep and pain has been frequently reported, following a linear 

model in acute pain states and a bidirectional model in chronic ones. In that way, pain 

episodes can disrupt or alter sleep, and sleep disturbances can increase, predispose or 

perpetuate pain sensation. Although this bidirectional or circular interaction can be 

dominant in chronic pain cases 4, its directionality remains debated, as there is more 

evidence pointing towards poor sleep increasing pain and not the other way around2.  

Sleep complains are present in around 80% of chronic pain disorders 46, and reports of 

insomnia can be as high as 30-40% in patients with chronic pain 47. Polysomnography 

(PSG) studies have reported the important coexistence of sleep disorders/disturbances 

in chronic pain populations 48, and sleep continuity parameters have also been identified 

as risk factors for clinical pain 49-51. A recent systematic review and meta-analysis revealed 

that deterioration in sleep was associated with worse self-reported physical functioning 

(medium effect size) while improvement in sleep was associated with better physical 

functioning (small effect size) 52. 

 

SUBJECTIVE SLEEP QUALITY IN TMD 

Subjective sleep quality has been defined as tiredness on waking and throughout 

the day, feeling rested and restored on waking, and as the number of awakenings 

experienced in the night 53. This component is usually measured through questionnaires, 

which are easily administered and cost-effective, thus facilitating the feasibility of this 

measurement. In TMD and orofacial pain patients, up to 8 questionnaires have been used 

to report subjective sleep quality. Some of the most commonly used ones include the 
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Pittsburgh Sleep Quality Index (PSQI), the Epworth Sleepiness Scale (ESS), the 

Insomnia Severity Index (ISI), and the Sleep Assessment Questionnaire 54.   

The PSQI, a questionnaire formed by 18 items measuring general sleep quality in the last 

month, is the most commonly used tool to measure sleep quality55. The PSQI is a valid 

and reliable instrument that has been employed in different clinical and non-clinical 

populations56. It has 7 different components, which measure different aspects of sleep 

such as overall sleep quality, sleep onset latency, sleep duration, sleep efficiency, sleep 

disturbances, use of sleep medication, and physical dysfunction. A cut-off of >5 is used 

to differentiate poor sleepers, with sensitivity of 89.6% and specificity of 86.5%.  

When compared to pain-free controls, TMD patients exhibited poorer sleep quality 

and were mainly categorized as poor sleepers, with mean scores ranging from 6.69 to 

13.7 in different TMD populations 57-65. These scores and findings are similar than the 

ones obtained in other painful conditions such as fibromyalgia or rheumatoid arthritis 66,67. 

In addition, poorer sleep quality has been positively correlated with clinical pain intensity 

and psychological distress in TMD patients 57. In the Orofacial Pain Prospective Risk 

Assessment (OPPERA) study, which is the largest study designed to identify risk factors 

for TMD in pain-free participants (n=2453 filled PSQI), TMD incidence was twice as high 

in participants whose baseline subjective sleep quality was poor (demographically 

adjusted Hazard Ratio = 2.04; 95% Confidence Interval, 1.55–2.70) 68. In addition, tertiary 

analysis of OPPERA data showed that subtle sleep quality impairments were noted on 

PSQI beforehand in participants developing TMD (n=220) 69,70. 

Additionally, it is important to highlight fatigue, which is an important marker of poor 

sleep or non-recuperative process, in patients with sleep disturbances. Fatigue is a 
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frequent complaint in chronic pain and in TMD patients that deserve attention in its 

diagnosis and management 71,72. Only a few tools are currently available to assess the 

presence of fatigue, and it is important that clinicians differentiate fatigue as a general 

somatic and behavioral complaint from chronic fatigue syndrome in TMD patients 73,74. 

OBJECTIVE SLEEP QUALITY IN TMD 

Objectively, sleep quality can be defined as sufficient duration, high efficiency, and 

low fragmentation (i.e., not too many stage shifts, body movements, breathing 

disturbances, drop in oxygen), as well as proper staging of sleep, which are measured 

through polysomnographic evaluation (PSG) 75. 

PSG evaluation comprehends a series of biophysiological changes, including 

EEG, eye movements, muscle activity, heart rhythm, and respiratory function 75. PSG, 

which is the gold standard to diagnose sleep disorders such as sleep disordered 

breathing or periodic limb movement, involves costlier equipment and resources, 

including overnight stay of the person being studied when it is done in the sleep laboratory 

(type 1 recording), therefore limiting its research applicability. PSG is not an ideal perfect 

method since the sleep laboratory is not a “natural milieu” and the electrode montage may 

disrupt sleep. Additionally, it should be considered that the obtained information 

represents a “snapshot” or a one-night picture.  An alternative method is the use of 

portable monitor devices or home recording, (multi channels down to one channel; type 

2 to 4 respectively). The major gain of this modality is that patients sleep in their natural 

environment, allowing as well to record multiple nights in order to improve the precision 

of the test. Importantly, subjective sleep quality usually correlates poorly with objective 
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sleep quality parameters, suggesting that each of them could measure different 

dimension of sleep 76. 

There are different studies investigating objective parameters of sleep quality in 

different populations of TMD patients (Table 2.1).  

Table 2.1. Studies evaluating objective sleep parameters in TMD patients. 

Study Sample  Objective Method Main findings  

Camparis et al. 

2006 77 

20 with SB and MFP 

20 with SB without 

MFP 

Compare bruxism and sleep 

parameters 

PSG, 1 night No differences in bruxism episodes and 

sleep variables  

Rossetti et al. 

2008 78 

30 MFP 

30 matched controls 

Evaluate association between 

RMMA-SB and MFP 

PSG, 1 night Significant associations were observed 

between RMMA-SB and MFP, as well 

as between daily clenching (self-report) 

and MFP 

Smith et al. 

2009 80 

53 MFP  Characterize sleep disorder 

rates in TMD and evaluate 

possible associations between 

sleep disorders and laboratory 

measures of pain sensitivity 

PSG, 2 

consecutive 

nights 

17% presented sleep bruxism, 36% 

insomnia disorder and 28.4% sleep 

apnea  

Edwards et al. 

2009 79 

53 MFP (same sample 

as above) 

Assess whether individual 

differences in sleep continuity 

and/or architecture were 

related to diffuse noxious 

inhibitory controls (DNIC) 

PSG, 2 

consecutive 

nights 

Higher sleep efficiency and longer total 

sleep time were positively associated 

with higher conditioned pain 

modulation 

Dubrovsky et 

al. 2014 84 

124 MFP cases and 46 

controls 

Evaluate measures 

of sleep and respiratory distur

bance in a large representative 

sample of TMD cases in 

comparison with matched 

controls 

PSG, 2 

consecutive 

nights 

TMD cases presented significant 

increase in stage N1 sleep, mild but 

significant elevations in arousals 

associated with all types 

of respiratory events and in RERAs 

when compared to controls. 

MFP predicted a lower sleep efficiency, 

more frequent awakenings, and higher 

RERA index among TMD cases. 

De Siqueira et 

al. 2017 81 

10 SB/MFP patients 

with widespread pain 

Investigate whether the 

presence of 

concomitant widespread pain 

PSG, 1 night Group with widespread pain presented 

lower sleep efficiency 
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10 SB/MFP patients 

without widespread 

pain 

could influence 

sleep characteristics 

of patients with SB and MFP 

 

TMD: temporomandibular disorders; MFP: myofascial pain; SB: sleep bruxism; RMMA: rhythmic masticatory muscle activity; RERA: 

respiratory effort related arousal.  

 

Some of them did not find any difference in sleep parameters between TMD 

patients and pain-free controls, although the relatively small sample and the somewhat 

restrictive inclusion criteria calls for caution in the interpretation of their results 77,78. Other 

studies using uncontrolled samples also found sleep characteristics within normal range 

79-81, yet one of them reported a positive significant correlation between sleep efficiency 

and endogenous pain inhibitory function measured by a conditioned pain modulation 

paradigm79. 

The largest study using PSG in TMD patients until the present date, revealed 

interesting differences between 124 females with myofascial TMD and 64 matched pain-

free controls who underwent two nights of PSG recording82-84. In a series of reports, the 

authors pointed three main findings. In regards sleep parameters, the authors found that 

respiratory effort related arousals (RERA), which are arousals from sleep without 

concomitant oxygen desaturations that do not technically meet the definitions 

of apneas or hypopneas but do disrupt sleep, were significantly increased in TMD 

patients and also statistically independent from sleep fragmentation measures. These 

findings leaded the authors to speculate about the possible existence of an upper airway 

resistance in their sample, which have also been proposed in other pain conditions such 

as fibromyalgia 85,86. Other findings include the presence of higher N1 sleep stage, a 

https://en.wikipedia.org/wiki/Apnea
https://en.wikipedia.org/wiki/Hypopnea
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tendency towards a great number of awakenings, and greater number of stage N1 shifts 

in TMD patients when compared to controls, thus showing more sleep instability84. They 

also found that more awakenings and less sleep efficiency was associated with more pain 

intensity during the following day, and that poor sleep quality reports were better attributed 

to depressive symptoms rather than pain intensity or objective sleep quality measures 

obtained through PSG 87.  

Additionally, the authors also reported that sleep background electromyography 

(EMG), defined as masseter muscle EMG activity occurring outside of sleep bruxism or 

other defined motor event periods, was significantly higher in TMD cases when compared 

to controls and also positively associated with higher levels of clinical pain intensity83. 

They hypothesize that elevated sleep background EMG may lead to fatigue and pain, 

suggesting it as a possible risk factor for pain maintenance in TMD. Relatively similar 

findings were also observed in other study using portable EMG devices during several 

nights 62.  

Although this study can be considered as a reference in sleep and TMD, caution 

in the representability of these results is warranted, as the selected sample is very 

specific, and the primary objective of the study was different 82-84. 

In summary, although interpretation of the results needs to consider smaller and/or 

very restrictive samples, PSG studies highlight the presence of sleep disorders and the 

importance of sleep fragmentation, disruptions, RERAs, and also background muscular 

activity in TMD patients.  
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INSOMNIA AND TMD 

Insomnia is a disorder defined as difficulty to initiate or maintain sleep, when sleep 

onset does not occur after 30 min for at least 3 times per week for 3 or more months, or 

if spontaneous awakenings occur during the night without the ability to resume sleep 88. 

The presence of insomnia can cause fatigue, lack of attention, mood alterations, and 

gastrointestinal symptoms among others, being also considered a risk factor for coronary 

heart disease and depression 89,90.  

Insomnia occurs in approximately 10% of the general population 91 and up to 72% 

of people with chronic pain 48. It has been shown that pain can increase the risk of 

insomnia and vice versa 92,93, and that insomnia is associated with a reduction in pain 

tolerance in patients with chronic pain 40.  A recent study showed that 1/3 of patients 

seeking care at an orofacial pain unit (mixed orofacial pain conditions, including TMD) 

presented sleep disturbances, where 37% of the studied patients (352 out of 952) 

responded positively to a screening question for insomnia and/or hypersomnia, being the 

majority of them categorized as moderate to severe insomnia 1. This is in line with findings 

from a prior PSG study performed in TMD patients (n=53), which revealed that 36% of 

them suffered from insomnia, being 26% of those cases primary insomnia (not attributable 

to a medical, psychiatric, or environmental cause) 80. Moreover, it was also shown that 

primary insomnia diagnosis was associated with reduced mechanical and thermal 

thresholds in the masseter muscles and in the forearm in TMD patients 80, and that 

increases in the severity of symptoms of insomnia are prospectively associated with next 

month daily increases of pain 94. These findings suggest that insomnia, which is a 

common disorder in chronic pain and orofacial pain populations, is an important and 
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prevalent comorbidity in TMD and can have an influence in pain and affect importantly 

patient’s quality of life. Therefore, insomnia should be suspected and screened in patients 

suffering from TMD. 

 

SLEEP BREATHING DISORDERS AND TMD 

Sleep-related breathing disorders is another term used to describe several chronic 

conditions in which partial or complete cessation of breathing occurs many times 

throughout the night, mainly resulting in fatigue or daytime sleepiness, which interferes 

with a person’s ability to function. Symptoms may include snoring, pauses in breathing 

described by bed partners, and disturbed sleep 95. The most common sleep breathing 

disorder is obstructive sleep apnea (OSA), which is defined clinically by the presence of 

at last 5 respiratory events per hour of sleep (including apneas, hypopneas, and 

respiratory effort related arousals) accompanied by daytime sleepiness, loud snoring, 

witnessed breathing pauses, or awakenings due to gasping, or by the presence of at least 

15 respiratory events without the presence of signs and symptoms 88,96. Although the 

respiratory disturbance index (RDI) may be more comprehensive, the main metric for the 

diagnosis of OSA is still the apnea hypopnea index (AHI). OSA prevalence ranges from 

9% to 38% when an AHI of ≥5 is used as a threshold, being more frequent in men and in 

obese people, and increasing considerably with age 95,97. The presence of untreated OSA 

has been related with higher risk of cardiovascular diseases, metabolic syndrome, or 

diabetes among others 98. 



100 
 

OSA is estimated to be a common comorbidity in general chronic pain populations, 

with a pooled prevalence of up to 37%, and also in TMD where its frequency has been 

recognized as 28.6%80. In addition, in the OPPERA study, high likelihood of OSA has 

been associated with the incidence of first onset TMD in the prospective cohort study 

(n=2604, adjusted hazard ratio = 1.73; 95% confidence interval, 1.14, 2.62), and also with 

chronic TMD in the case-control one (n= 1716, adjusted odds ratio = 3.63; 95% 

confidence interval, 2.03, 6.52) 68.  

Other sleep-related breathing disorder is upper airway resistance syndrome 

(UARS), which is less prevalent than OSA and is characterized by episodes of increased 

RERAs and sleep disruption but without meeting apnea/hypopnea definition 99. As OSA, 

UARS can cause fatigue, daytime sleepiness and sleep fragmentation 99, and it has been 

associated with the presence of other conditions such as irritable bowel syndrome, 

insomnia or depression 100. Despite UARS can be considered as a different syndrome 

than OSA, its acceptance as a different syndrome remains controversial. However, it 

appears that UARS has a bigger impact on subjective sleep quality and fatigue than mild 

OSA 101, reason why its presence needs to be investigated in TMD patients.  

 

SCREENING OF SLEEP DISORDERS IN TMD 

Given the prevalence of sleep disorders and their association with negative pain-

related outcomes, the screening of sleep disorders and the identification of subjective 

sleep disturbances is pivotal to the management of patients with TMD. Recently, an 
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algorithm based on clinical interview and a physical evaluation was proposed to identify 

sleep disorders in chronic orofacial pain patients 3,102.  

During the clinical anamnesis, the importance of evaluating sleep complains 

(problems in sleep initiation and/or maintenance, sleepiness during the day, snoring, 

witnessed apneas, etc.), comorbidities and lifestyle habits (diagnosed sleep disorders, 

caffeine or tobacco intake, exacerbating or initiating factors, etc.) and sleep routine (sleep 

environment, bedtime routine, etc.) are highlighted and warranted.  

During the physical exam, extraoral examination looking for signs of daytime 

sleepiness (droopy eyelids, repetitive yawning, irritability, etc.) or risk factors for OSA 

(increased neck circumference, nasal examination, retrognathia/micrognathia, etc.) 

should be also accompanied by an intraoral exam assessing other risk factors for OSA 

(soft palate, uvula, Mallampati score, tongue, nose obstruction-deviation, etc.) and by a 

systemic diagnostic work-up evaluating blood pressure, heart rate, or body mass index.  

The identification of a possible sleep disorder by the dentist should be followed by 

a referral to a sleep physician for evaluation and possible PSG assessment.  

 

MANAGEMENT OF SLEEP DISORDERS IN TMD 

When treating sleep disorders in chronic pain, patients can have benefit from 

strategies targeting the sleep disorder or also from treatments that can help to manage 

both sleep and pain. Ideally, an individualized management approach should be 

implemented considering several aspects and characteristics of the individual, such as 

morphology, comorbidities, existing treatments and medications, or genetics (Figure 2.2).  
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Figure 2.2. Management avenues for primary insomnia and obstructive sleep apnea 

(OSA) concomitant to temporomandibular disorders (TMD). 

 

 

Figure 2.2 abbreviations. CBT: cognitive behavioral therapy; CBT-I: cognitive behavioral 

therapy for insomnia; CBT-P: cognitive behavioral therapy for pain; TCAs: tryciclic 

antidepressants; SNRIs: serotonin and norepinephrine reuptake inhibitors; TMS: 

transcranial magentic stimulation; tDCS: transcranial direct current stimulation; CPAP: 

continuous positive airway pressure; OAs: oral appliances. 

Insomnia. Currently, the first treatment option for the management of chronic 

insomnia is cognitive behavioral therapy focused on insomnia (CBT-I). CBT-I is a 

structured program that helps to identify and replace thoughts and behaviors that cause 
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or worsen sleep problems with habits that promote sleep, usually including sleep hygiene, 

sleep restriction, and relaxation 103. CBT-I has been shown to be effective in the long term 

for different sleep parameters such as sleep onset or efficiency, and also in a small 

manner for pain outcomes 104 also in TMD 105. CBT can also be focused on pain (CBT-

P), and hybrid models of CBT for both sleep and pain have been proposed as a synergic 

management plan 106,107. CBT is a safe, non-invasive modality with good long-term 

outcomes, but it can suppose a high initial cost requiring as well high level of compliance, 

which limits its implementation. 

Another approach, especially for short-term periods of time, is the use of 

pharmacological interventions. Their effects are usually immediate and can have lower 

cost than CBT, but may be accompanied by side effects, drug-drug interactions, short-

term efficacy and a risk of addiction 3. Medications that can be used to treat sleep but with 

less evidence of their effects on pain are the atypical antidepressant trazodone, the 

hypnotic agent zolpidem, or the orexin receptor antagonist suvorexant 108-110.  Evidence 

indicates that benzodiazepines such as diazepam or clonazepam, can be beneficial for 

improving sleep and reducing pain outcomes in chronic pain populations including TMD 

111. The use of tricyclic antidepressants (TCAs) in low doses such as amitriptyline or 

nortriptyline has shown to be effective in reducing pain levels in TMD 112 and also in 

improving sleep quality in different chronic pain populations113,114. Anticonvulsant 

medications such as pregabalin and gabapentin may also be good options for managing 

pain and sleep 114,115 in chronic pain and in TMD. Other medications that may be effective 

in improving sleep and pain in TMD are the muscle relaxant cyclobenzaprine 58, melatonin 

116, and the selective serotonin and norepinephrine reuptake inhibitors (SSRNI) 
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duloxetine 114,117. In general, opioid should be avoided as much as possible, due to the 

risk of addiction, central sleep apnea and deleterious effect on insomnia 118,119. 

Combination of CBT-I and short-term pharmacotherapy, hypnosis, physical 

exercise, music therapy, yoga, mindfulness, or traditional Chinese medicine are other 

alternatives to improve pain and sleep disturbances in chronic pain 3,103. Other alternative 

strategies may include the use of non-invasive neurostimulation techniques such as 

transcranial magnetic stimulation (TMS) and transcranial direct current stimulation, which 

have shown promising results in chronic insomnia as a main treatment and as an adjuvant 

therapy, and also in chronic pain including orofacial pain conditions 120-123.  

Sleep breathing disorders. Depending on the AHI, OSA’s severity can be 

classified into mild (AHI>5 but <15), moderate (AHI>15 but <30) and severe (AHI>30). 

For all of them, the gold standard treatment is the continuous positive airways pressure 

device (CPAP), which has been proved to reduce AHI as well as morbidity and mortality 

associated with it 124,125. There is also small evidence about CPAP efficacy reducing 

experimental pain sensitivity, perhaps as an indirect improvement of OSA. However, this 

was not the case in chronic pain populations 126,127. Adherence to the CPAP treatment 

remains challenging, and in these cases, other treatment options are available 128.  

In a recent meta-analysis, exercise therapy (general exercise to oropharyngeal 

programs) was found to be the second most effective treatment option in reducing AHI. 

These findings highlight the use of exercise therapy not only as an adjuvant therapy but 

also as a first option in indicated cases 125. Moreover, physical exercise can improve sleep 

quality and pain related outcomes in chronic pain populations, thus becoming a very 

relevant option in TMD patients with sleep disturbances129,130. 
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Oral appliances (OA) are indicated in mild and moderate cases of OSA and in 

cases where patients are unable to tolerate CPAP. OAs also become a good option in 

cases where OSA and sleep bruxism (SB) co-exist, as it can also help to decrease 

bruxism effects. As OA work moving the jaw forward in order to open the airway, its use 

can produce jaw discomfort, bite changes, and sometimes aggravate TMD cases 131. 

Therefore, if indicated, more conservative advancements and TMD symptoms monitoring 

while using is preferable. Nevertheless, they are considered as a good alternative to 

CPAP, having higher adherence and being preferred by OSA patients 132.  

Other treatment alternatives include other behavioral therapies such as weight 

loss, positional therapy, or alcohol avoidance, adjunctive therapies such as bariatric 

surgery or medications, surgical options such as orthognathic surgery and 

uvulopalatopharyngoplasty, and more experimental ones as upper airways stimulation or 

TMS 128,133. 

Additional consideration in patients where SB (frequently comorbid with TMD) 

coexists with OSA, is the election of oral devices to manage SB. Empirically, it appears 

that mandibular flat planes in maximal intercuspation rather than in a retruded position 

may be a reasonable alternative do diminish the risk of airway obstruction.  

Moreover, the dentist should know that a personalized management of OSA, 

individualizing treatments according to different phenotypes/traits is now considered the 

best management strategy for these patients 134 (Lavigne et al. 2019 JDR under review). 

A multidisciplinary approach where dentists collaborate with physicians, health 

psychologists, and physical therapists among others emerges as an ideal approach to 

manage TMD patients OSA and also with sleep disturbances. 
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CONCLUSIONS 

Sleep disturbances are present in TMD patients when measured subjectively and 

objectively. Dentists need to screen for behavioral and somatic sleep related problem 

(e.g., sleepiness, fatigue, mood instability) that may guide them to identify sleep disorders 

such as insomnia, sleep apnea and sleep bruxism.  In presence of a suspected sleep 

disorder, the collaboration with sleep physician is mandatory. Individualized management 

and a multidisciplinary approach must be pursued when managing patients with TMD and 

comorbid sleep disturbances and/or sleep disorders, such as insomnia or OSA. 
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Transition to Chapter 3 

The review conducted in Chapter 3 indicated that individuals with TMD who 

subjective report experiencing sleep problems also show objective indicators of sleep 

disturbances. These patients commonly report difficulties falling asleep, staying asleep, 

and experiencing restorative sleep, while also presenting several sleep disorders such as 

insomnia, sleep apnea, or restless leg sydrome.  The bulk of previous work in this area, 

however, has been conducted based on cross-sectional study designs, with limited 

generalizability, so our understanding of daily sleep and pain problems among patients 

with TMD remains limited. Further studies, especially those employing dynamic 

assessment methods, are thus needed.  The use of ecological momentary assessment 

(EMA) or daily diaries in microlongitudinal studies can help to address some of these 

knowledge gaps. By collecting data in real-time, EMA can capture fluctuations in sleep 

quality, pain intensity, and other relevant psychological variables.This approach can help 

to identify patterns and associations that may not be apparent with traditional 

retrospective or cros-sectional assessment. Pain fluctuations, or changes in pain intensity 

that occur within and across days, are important outcomes currently underexplored in the 

TMD literature that can also be explored.Therefore, in Chapter 3, we will use daily diaries 

to examine the contribution of day-to-day sleep quality and psychological factors identified 

in prior reviews from this thesis (i.e., affect, catastrophizing)to within-day pain fluctuations 

in patients with TMD.  
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Short running title: Contributors of pain fluctuations in TMD 

Abstract: We assessed the impact of day-to-day sleep quality and psychological 

variables (catastrophizing, negative affect, positive affect) to within-day pain fluctuations 

in 42 females with painful temporomandibular disorders (TMD) using electronic diaries. 

More specifically, we examined the contribution of these variables to the likelihood of 

experiencing pain exacerbations defined as: 1.1) an increase of 20 points (or more) in 

pain intensity on a 0-100 visual analogue scale (VAS) from morning to evening, and/or 

1.2) a transition from mild-to-moderate pain over the course of the day; and pain 

decreases defined as: 1.3) a decrease of 20 points (or more) in pain intensity (VAS) from 

morning to evening, and/or 1.4) a reduction from moderate to mild pain over the day. 

Results indicated significantly main effects of sleep on both pain exacerbation outcomes 

(both p's < .05), indicating that nights with better sleep quality were less likely to be 

followed by clinically meaningful pain exacerbations on the next day. Results also 

indicated that days characterized by higher levels of catastrophizing were associated with 

a greater likelihood of pain exacerbations on the next day (both p's < .05). Daily 

catastrophizing was the only variable significantly associated with within-day pain 

decrease indices (both p's < .05). None of the other variables were associated with these 

mailto:alberto.herrerobabiloni@mail.mcgill.ca
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outcomes (all p's > .05). These results underscore the importance of addressing patients' 

sleep quality and psychological states in the management of painful TMD. 

Perspectives: These findings highlight the significance of sleep quality and pain 

catastrophizing in the experience of within-day pain fluctuations among individuals with 

TMD. Addressing these components through tailored interventions may help to alleviate 

the impact of pain fluctuations and enhance the overall well-being of TMD patients. 

Keywords: “orofacial pain”; “chronic pain”; “Psychosocial Functioning”; “Pain 

Measurement”; “Pain flare”. 
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1. Introduction  

Temporomandibular disorders (TMD) is an umbrella term encompassing different 

conditions that affect the temporomandibular joint and/or masticatory muscles,80 and 

when painful, it is considered the most common orofacial pain disorder after odontogenic 

pain.69 Painful TMD are often accompanied by mechanical problems, disability, and poor 

mental health.61, 80 

To date, the vast majority of studies on TMD have primarily focused on 

investigating factors contributing to TMD pain intensity,27, 59, 87 while other important 

phenotypes that characterize the daily chronic pain experience, such as pain fluctuations, 

remain less investigated. Fluctuations in the intensity of pain can be debilitating, resulting 

in a sense of lack of control,72, 49  which alters patients’ mental health and daily function.12, 

17, 82,  One way to categorize pain fluctuations is based on the magnitude of changes in 

pain intensity, with any increase or decrease of 20 points (or more) in pain on the 0-100 

visual analogue scale (VAS) being viewed as a clinically meaningful change.22, 26, 50 

Another relevant operationalization of pain fluctuations is to assess within-day transitions 

from "mild" (<40/100) to "moderate" pain (≥40/100),84 and within-day transitions from 

"moderate" (≥40/100) to "mild" (<40/100) pain. Although this categorization relies on 

patients' numeric (i.e., 0-100) reports of pain intensity, the categorical classification of 

patients based on "mild", "moderate", and "severe" pain intensity is slightly different. This 

type of classification/assessment is commonly seen in clinical settings84  and clinical trials 

of chronic pain treatments.21  

Whereas previous studies have explored the day-to-day determinants of TMD pain 

intensity,1, 48, 96 little is known on the determinants of pain fluctuations among patients with 
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TMD. Factors such as weather,13 menstrual cycle, hormonal changes,85, 98 and disability44 

have been linked to fluctuations in TMD pain intensity, but the influence of person-specific 

factors that can vary on a day-to-day basis (e.g., sleep quality) or within-day basis (e.g., 

psychological states) have remained largely unexplored. Moreover, studies have 

indicated a higher prevalence and heightened susceptibility of temporomandibular 

disorder (TMD) in females across different age demographics.63, 66, 76 which is believed to 

stem from a variety of components encompassing hormonal, psychosocial, and 

anatomical factors. Sleep quality and psychological variables such as pain 

catastrophizing and affect (e.g., negative affect and positive affect) are some of the most 

well-established determinants of chronic pain, including TMD.2, 23, 27, 37, 45, 66 There is 

evidence linking poor sleep and high pain catastrophizing with increased likelihood of 

experiencing pain exacerbations in patients with hip osteoarthritis,33, 34 and higher levels 

of pain catastrophizing were associated with within-day pain increases in patients with 

fibromyalgia.94 Moreover, results from  ecological momentary assessment (EMA) studies 

have consistently shown within-person associations between affective states and pain 

intensity. For instance, within-person elevations in negative affect (NA) or decreases in 

positive affect (PA) have been associated with heightened pain intensity.32 Therefore, 

there is reason to believe that sleep and psychological variables could be associated with 

within-day pain fluctuations in patients with TMD.  

Thus, the main objective of the present study was to examine the contribution of 

day-to-day sleep quality and psychological variables (pain catastrophizing and affect) to 

within-day pain fluctuations. More specifically, we examined the contribution of these 

variables to the likelihood of experiencing pain exacerbations defined as: 1.1) an increase 
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of 20 points (or more) in pain intensity on a 0-100 visual analogue scale (VAS) from 

morning to evening, and/or 1.2) a transition from mild-to-moderate pain over the course 

of the day; and pain decreases defined as: 1.3) a decrease of 20 points (or more) in pain 

intensity on a 0-100 VAS from morning to evening, and/or 1.4) a reduction from moderate 

to mild pain over the course of the day. The decision to incorporate various operational 

methods for evaluating pain increases and decreases was based on the assessment of 

concept consistency, clinical significance, and applicability. 

2. Methods  

2.1. Participants 

The study procedures were approved by The Human Subjects Research Ethics 

Board of Hôpital du Sacré-Cœur de Montréal. Written informed consent was obtained 

from every participant.  Participants included in this study met the following inclusion 

criteria: a) females (due to the increased prevalence of TMD in females when compared 

to men, similarly to other TMD studies.63, 66, 76); b) between 18 and 65 years of age;  c) 

diagnosed with painful TMD, defined as chronic myalgia (>6 months) with/without 

accompanying arthralgia per DC/TMD criteria.80 The DC/TMD is a set of standardized 

criteria developed by an international group of researchers and clinicians to provide a 

consistent approach to diagnosing TMD.80 It was published in 2014 and includes both 

Axis I and Axis II criteria. While Axis I focuses on the “physical” aspects of TMD and their 

categorization into muscular disorders, joint disorders and disc displacements, Axis II 

considers psychosocial factors that may contribute to TMD and includes assessment 

tools for measuring pain-related disability, psychological status, and psychosocial 

functioning. Diagnoses were confirmed by a trained dentist/orofacial pain specialist (AHB) 
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during the baseline visit (see 2.2.1); d) pain present at least 15 days during the last month; 

e) access to internet and electronic devices. Patients were excluded from the study if they 

reported f) presence of any dental or orofacial pain disorder not meeting the above 

definition; g) if they were on non-stable pharmacological treatment (e.g., reporting a 

change in medication in the last month); c) having alcohol or substance use problems; d) 

reporting any lifetime presence of major neurological or psychiatric disorders. 

Recruitment was conducted in Montreal and surroundings from 2021 to 2022 via referrals 

from orofacial pain clinics and from the general population using social media and 

posters. Participants received a financial compensation for transport and for their 

involvement in the study. 

2.2. Study procedures 

 Patients initially underwent a phone screening interview to assess eligibility criteria 

(see 2.1). Patients meeting eligibility criteria then presented for a baseline visit at the 

hospital (see 2.2.1) and were then asked to complete daily diaries for 7 consecutive days 

(see 2.2.2).    

2.2.1. Baseline hospital visit  

During the baseline visit, participants completed different questionnaires 

assessing sociodemographic (i.e., age, education, marital status, ethnicity, employment), 

anthropometric (i.e., height, weight), and orofacial pain characteristics (i.e., pain location, 

pain duration, pain intensity, pain unpleasantness, pain interference). These 

questionnaires were part of Axis I of the DC/TMD Questionnaire package.80 The Gracely 

Box Scale was used to assess pain unpleasantness 36 and the Fibromyalgia Survey 
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Questionnaire (FSQ)41 was used to assess the presence of widespread pain. Finally, a 

health history questionnaire was used to assess any clinical/medical comorbidities, such 

as other pain comorbidities ( i.e., migraine headache, tension-type headache, chronic 

fatigue syndrome, chronic pelvic pain, chronic low‐back pain, vulvodynia, vulvar 

vestibulitis syndrome, irritable bowel syndrome, interstitial cystitis, neuropathic pain, 

osteoarthritis, rheumatoid arthritis, whiplash), sleep comorbidities (i.e., obstructive sleep 

apnea, restless leg syndrome), and other clinical/medical comorbidities such as  

premenstrual dysphoric disorder, tinnitus, and post‐traumatic stress disorder) similarly to 

other studies.62-64  

As for psychosocial variables assessment, instruments from the DC/TMD Axis II 

were used.80 Those included validated scales such as the Jaw Function Limitation Scale 

20‐items (JFLS-20;68) for jaw limitation, the Patient Health Questionnaire‐9 (PHQ‐9;56) for 

depression, the Generalized Anxiety Disorder‐7 (GAD‐7; 89) for anxiety, and the Patient 

Health Questionnaire‐15 (PHQ‐15;57) for somatization. In addition, the Perceived Stress 

Scale (PSS; 14) for perceived levels of stress, the Pittsburgh Sleep Quality Index (PSQI; 

11) for sleep quality, the Pain Catastrophizing Scale (PCS; 91) for pain catastrophizing, 

and the Positive and Negative Affect Scale (PANAS; 100) for positive and negative affect 

were used.  

Finally, medication intake, caffeine intake, and menstrual cycle were registered.63 

Menstrual cycle phase (if any) was determined as previously described into the following 

categories: menstrual, follicular, periovulatory, luteal and premenstrual.77 Caffeine intake 

in the last 24 h was divided into three categories: low (< 100 mg/day), moderate (101–

200 mg/day) or high (> 201 mg/day).79 Participants were asked to report all prescription 
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drugs currently taken and quantified using the Medication Quantification Scale (MQS).39 

As cannabis was not part of the scale, this was asked separately.  

At the end of the baseline visit, participants were instructed on how to use 

RedCap,74 an electronic data capture software that can be used on any computer, 

smartphone or tablet, in order to complete electronic diaries.  

2.2.2. Daily diaries 

Participants filled out diaries for 7 consecutive days, twice a day. Diaries were filled 

out in the morning and in the evening, at randomized hours, within pre-specified time 

blocks (i.e., from 6:00am to 12:00pm; and from 6:00pm to 12:00am). Diaries were date- 

and time-stamped to ensure validity and compliance with the diary protocol. The items of 

the diaries were: 

2.2.2.1 Daily pain-related measures: Participants were asked to rate the average 

level of pain intensity since their last diary entry using a visual analogue scale (VAS) that 

ranged between 0 (no pain) to 100 (extreme pain). This item was an adaptation of the 

standard VAS item used in the BPI assessing pain intensity.92  

2.2.2.2. Daily sleep quality: Sleep quality was assessed only in the morning entry, 

using a VAS that ranged from 0 (worst possible sleep quality) to 100 (best possible sleep 

quality). VAS to assess sleep is known to be a reliable method and is commonly used 

due to its simplicity in a variety of research and clinical settings.67, 70, 104 

2.2.2.3. Daily pain catastrophizing: Pain catastrophizing was assessed using a 

diary version of the Pain Catastrophizing Scale (PCS).19, 31 Patients were asked to report 

on different thoughts and emotions related to helplessness, rumination, and magnification 
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associated with pain. Participants were asked to provide reports of catastrophizing since 

their last diary entry, using a scale ranging from 0 (very slightly or not at all) to 4 

(extremely). Studies have supported the reliability and the validity of the daily Pain 

Catastrophizing Scale as a measure of daily pain catastrophizing.19 In this study, the 

within-person internal reliability coefficient of items used to assess catastrophic thinking 

was α = 0.725. 

2.2.2.4. Positive and negative affect measures: Participants were asked to 

report the extent to which they experienced five positive emotions (i.e., enthusiastic, 

excited, alert, determined, and inspired) and five negative emotions (i.e., afraid, upset, 

nervous, scared, distressed) since their last diary entry on a scale ranging from 1 (not at 

all) to 5 (extremely). This measure is a diary adaptation of the Positive and Negative Affect 

Scale (PANAS)100, which reliability and validity has been supported in several chronic 

pain studies.9, 20, 30 As in other studies, items were averaged to create a measure of 

positive affect (PA) and negative affect (NA) score. 9, 20, 30, 31 In the present study, the 

within-person internal reliability coefficients of items assessing positive and negative 

affect were α = 0.713 and α = 0.770 for PA and NA, respectively. 

2.3. Data reduction and analyses 

Data analysis was performed using IBM-SPSS v.25 (SPSS Inc, Chicago, IL). 

Descriptive statistics were presented as means and standard deviations for continuous 

variables and percentages for categorical variables. All study analyses were conducted 

with an alpha level for significance (p value) set to 0.05 

2.3.1. Within-day pain increases 
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To address the first component of our main objective, a clinically meaningful within-

day pain exacerbation index was computed. This index was computed for each participant 

and for each of the diary days based on absolute () changes in patients’ reports of pain 

intensity. A clinically meaningful within-day pain exacerbation (= 1) was indicated when 

patients reported any increase of 20 points (or more) in pain intensity on the 0-100 visual 

analogue scale (VAS) from morning to evening. No clinically meaningful within-day pain 

exacerbation (= 0) was indicated if the change in pain intensity was  20 points on the 

VAS. This cutoff is consistent with previously established operationalizations of clinically 

meaningful changes in clinical pain intensity among chronic pain populations.22, 26, 50 

Another within-day pain exacerbation index was computed based on patients’ 

transitions from “mild” to “moderate” pain levels over the course of the day. More 

specifically, transitions were coded as = 1 if jaw pain intensity was rated as mild (< 40) in 

the morning and moderate or severe (> 40) in the evening. Transitions were coded as = 

0 if patients experiencing mild pain in the morning did not transition to moderate or severe 

pain in the evening. 

2.3.2. Within-day pain decreases 

To address the second component of our main objective, a clinically meaningful 

within-day pain decrease index was computed. This index was computed, for each 

participant and for each of the diary days, based on  changes in patients’ reports of pain 

intensity. A clinically meaningful within-day pain decrease (= 1) was indicated when 

patients reported any decrease of 20 points (or more) in pain intensity on the 0-100 VAS 
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from morning to evening. No clinically meaningful within-day pain decrease (= 0) was 

indicated if the change in pain intensity was < 20 points on the VAS. 

Another within-day pain decrease index was computed based on patients’ 

transitions from “moderate” to “mild” pain levels over the course of the day. More 

specifically, transitions were coded as = 1 if jaw pain intensity was rated as moderate or 

severe (≥ 40) in the morning and mild (< 40) in the evening. Transitions were coded as = 

0 if patients experiencing moderate or severe pain in the morning did not transition to mild 

pain in the evening. 

2.3.3. Daily contributors to pain fluctuations 

In order to examine the association between independent variables (IVs: daily 

sleep quality, pain catastrophizing, negative affect, positive affect) and dependent 

variables (i.e., within-day pain exacerbations, within-day pain decreases), multilevel 

logistic regression analyses were used given the binary outcomes as well as the 

hierarchical (i.e. nested) data structure of this study, in which repeated daily measures 

(Level 1 units) were nested within days (Level 2 units), which were also nested within 

participants (Level 3 units). For variables that were collected twice daily (i.e., pain 

catastrophizing, negative affect, and positive affect) Level 2 scores were obtained by 

computing an average of the two Level 1 values. 

Multilevel logistic regression models were performed using Level 2 units for the 

IVs (i.e., sleep, catastrophizing, negative affect, positive affect) using within-day pain 

increase indices as outcomes. The same models were performed separately using within-

day pain decreases indices as outcomes. In order to account for possible floor and ceiling 
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effects, all multilevel models included morning pain intensity as covariate. All multilevel 

models followed a sequential procedure,54, 78, 99 which first involved specifying a random 

intercept and fixed effects for independent variables (IVs). The main effects of person-

level (i.e., Level 3) variables such as patients’ demographic characteristics (e.g., age, 

ethnicity, education, body mass index, marital status, employment status), pain condition 

characteristics (e.g., number of pain locations, comorbidity index, etc.), menstrual cycle, 

medication and caffeine intake were all examined separately on main study outcomes. 

For those significantly associated with main outcomes, their influence was subsequently 

tested by creating cross-level interaction terms between main IVs (i.e., daily sleep quality, 

pain catastrophizing, negative affect, positive affect and Level 3 (person) characteristics. 

Any significant 2-way interaction effect would suggest that the association between IVs 

and the outcome is moderated (i.e., influenced) by the Level 3-person characteristic.46, 47  

All multilevel models described above were carried out using maximum-likelihood 

(ML) estimation and included a first-order autoregressive variance covariance matrix 

(AR1) to account for the autocorrelation between repeated measures. As recommended, 

all independent variables were centered before being entered in multilevel models.24 With 

the ability of MLM to account for randomly missing Level 1 data 46, 86, all 42 study 

participants were included in multilevel analyses without the need for any data imputation 

procedures. Across all assessment time points, compliance with the diary protocol was 

very high, with an overall completion rate of 97.74%. When combining the variables that 

were assessed twice daily (i.e., pain intensity, negative affect, positive affect, and 

catastrophizing) and daily (i.e., sleep), there was a total of 2,650 data points, and a total 
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of 2,590 data points were observed. Analyses indicated that patients with and without 

missing data did not differ significantly on any of the main study variables (all p’s > .05). 

3. Results  

Descriptive statistics for the study are presented in Table 3.1.  

 

 

 

Table 3.1. Descriptive characteristics at baseline  

 Mean (± SD) or frequency (%) 

Demographic variables  

Age (y) 26.60 ± 8.38 
BMI (kg/m2) 22.31 ± 2.88 
Marital status (single, %) 26 (62%) 
Education (University bachelor or above, %) 28 (66.7%) 
Employment (students, %) 28 (66.7%) 
Ethnicity 
White 

 
28 (66.7%) 

African American 
Asian 
Native American 
Others 

  2 (4.8%) 
  7 (16.7%) 
  3 (7.1%) 
  2 (4.8%) 

 

Pain characteristic variables  

 

Average pain intensity (0-100) 45.0 ± 12.90 
Concomitant TMJ arthralgia  27 (64.3%) 
Concomitant HA attributed to TMD 26 (61.9%) 
GBS pain unpleasantness (0-20) 6.33± 3.58 
BPI pain interference (0-100) 20.92 ± 20.95 
Pain duration (months) 77.7±116.73 
Comorbidity index (0‐18) 1.07 ± 1.31 

FSQ (0-31) 10.88 ± 4.29 
GCPS grade I  
GCPS grade II  
GCPS grade III 
GCPS grade IV 

17 (40.48%) 
20 (47.62%) 
3 (7.14%) 
2 (4.42%) 

 

Psychosocial variables  

 

PANAS-NA (10-50) 11.31 ± 3.84 
PANAS-PA (10-50) 16.02 ± 3.67 



140 
 

JFLS‐20 (0-10) 1.84 ± 1.08 

PHQ‐9 (0-27) 6.00 ± 4.80 

GAD‐7 (0‐21) 6.00 ± 4.54 

PHQ‐15 (0‐30) 10.00 ± 6.74 

PSS (0‐40) 16.07 ± 6.68 

PSQI (0‐21) 5.90 ± 3.06 

 

Other potential confounders  

 

 
Menstrual cycle phase 
No menses 
Menstrual  
Follicular  
Periovulatory 
Luteal 
Premenstrual  

 
 
7 (16.66%) 
10 (23.81%) 
5 (11.90%) 
5 (11.90%) 
7 (16.66%) 
8 (19.05%) 

Caffeine intake last 24 h 
None 
Low 
Moderate  
High  

 
10 (23.81%) 
12 (28.57%) 
15 (35.71%) 
5 (11.90%) 

MQS score  2.48 ± 4.27 
 

 

Note: the current use of cannabis was not reported by any of the participants. 

Abbreviations: BMI: body mass index; BPI: brief pain inventory; FSQ: Fibromyalgia survey questionnaire; 

GAD: general anxiety disorder; GBS: Gracely box scale; GCPS: graded chronic pain scale; HA: 

headache; JFLS: jaw functional limitation scale PANAS: positive and negative affect scale; MQS: 

medication quantification Scale; PHQ: patient health questionnaire; PSQI; Pittsburgh sleep quality index; 

PSS: perceived stress scale; TMJ: temporomandibular joint; TMD: temporomandibular disorders. 

 

Descriptive statistics for the study are presented in Table 3.1. The sample included 

42 women (mean age: 26.60 ± 8.38), being for the most part single (62%) and students 

(66.7%). Regarding ethnicity, most of the participants reported to be white (66.7%). Other 

ethnic categories included Asian (16.7%), Native American (7.1%), Black or African 

American (4.8%), and Others (4.8%). The latter category included one participant who 

reported to be Hispanic or Latino, and another who reported to be Multiracial. All of the 

participants had a diagnosis of chronic myalgia as per inclusion criteria, while 62.4% of 

them presented concomitant TMJ arthralgia and 61.9% fitted the diagnosis of headache 
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attributed to TMD. The average pain facial pain level was 45.0 ± 12.90 on a 0 to 100 VAS, 

with a mean duration of 77.7 ± 116.73 months (minimum 6 months maximum 700 

months). Seven participants took antidepressant medications in a stable basis, and none 

of those reported a change of such during the last month or the duration of the study. 

None of the participants reported being diagnosed with a sleep disorder or the intake of 

medications or supplements for sleep disorders. Mean and ranges of daily values for the 

main variables of interest can be found in Table 3.2. 

 

Table 3.2. Average daily reports on measures of pain, sleep and psychological variables. 

 

 

 

 

 

 

 

 

 

 

 

Note: SD = Standard deviations. Range: numbers in parentheses are minimum and maximum 

 

None of the descriptive characteristics at baseline reported in Table 3.1, except 

ethnicity, were significantly associated with the outcomes of interest. 

 

3.1. Frequency of within-day pain fluctuations  

 Mean ± SD Range   

Pain intensity 31.14 ± 20.53 94 (0-94) 

Sleep quality  40.98 ± 24.09 99 (0-99) 

Pain catastrophizing  1.45 ± 2.18 11 (0-11) 

Positive affect  11.57 ± 4.28 18 (5-23) 

Negative affect  7.94 ± 3.54 15 (5-20) 
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The total number of within-day clinically meaningful pain exacerbations as well as 

within-day transitions from mild to moderate pain observed across all days and 

participants is displayed in Table 3.3. The total number of clinically meaningful within-day 

pain decreases and within-day decreases from moderate to mild pain is also displayed in 

in Table 3.3. 

Table 3.3. Frequency (%) and number of participants experiencing pain fluctuation events. 

 

Pain exacerbations  

Number of participants experiencing at least one within-day pain exacerbation 15/42 (36%) 

Total number of clinically-significant within-day pain exacerbations a 23/294 (7.8%) 

Number of participants experiencing at least one within-day transitions from mild to moderate pain 22/42 (52%) 

Total number of within-day transitions from mild to moderate pain b 36/192 (18.8%) 

  

Pain decreases  

Number of participants experiencing at least one within-day pain decrease 18/42 (43%) 

Total number of clinically-significant within-day pain decreases c 23/294 (7.8%) 

Number of participants experiencing within-day decreases from moderate to mild pain 10/42 (24%) 

Total number of within-day decreases from moderate to mild pain d 20/84 (23.8%) 

 

Note: a Clinically-significant within-day pain exacerbations: Number of jaw pain intensity increases of 

magnitude ≥ 20 in a 0–100 VAS occurring within the same day (i.e., from AM measurement to PM 

measurement). This was calculated across all participants.  

b Total number of within-day transitions from mild to moderate pain. If jaw pain intensity was rated as mild 

(<40) in the AM entry and moderate or severe (>40) in the PM entry within the same day, this was 

considered as moderate pain transition positive.  

c Clinically-significant within day pain decreases: Number of jaw pain intensity decreases of magnitude ≥ 

20 in a 0–100 VAS occurring within the same day (i.e., from AM measurement to PM measurement). 

d Total number of within day decreases from moderate to mild pain. If jaw pain intensity was rated as 

moderate or severe (>40) AM entry and mild (<40) in the PM entry of the same day, this was considered 

as moderate pain reduction positive. 
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The total number of clinically meaningful within-day pain exacerbations was 23 out 

of possible 294 (42 participants multiplied by 7 days) (i.e., 7.8%), with 15 unique 

participants out of 42 (36%) experiencing at least one across the 7 days. Additionally, the 

total number of within-day transitions from mild to moderate pain was 36 (18.8%), with 22 

unique participants (52%) experiencing it at least once.  

On the other hand, the total number of within-day pain decreases was 23 (7.8%), 

where 18 unique participants (43%) experienced it at least once, and the total number of 

within-day decreases from moderate to mild pain was 20 (23.8%), with 10 unique 

participants (24%) having them at least once. Twelve unique participants reported to have 

no pain (i.e., 0/100) at some point during the duration of the study, and in 33 out of the 

possible 588 (5.6%) instances when considering all days, moments, and participants, the 

pain was rated as 0/100. Regarding morning pain, nine unique participants reported to 

have no pain (i.e., 0/100) in the morning at some point, and in 16 out of the possible 294 

(5.5%) instances when considering all days and participants, the pain was rated as 0/100 

in the morning. Only one participant reported to experience pain rated as 100/100, which 

was solely in an evening instance. 

3.2. Contribution of sleep and psychological factors (catastrophizing, affect) 

to within-day pain exacerbations 

A multilevel logistic regression analysis was first conducted using the within-day pain 

exacerbation index as the outcome variable, and all Level 2 IVs (i.e., daily sleep, pain 

catastrophizing, NA and PA) entered simultaneously in the model (see Table 3.4). 
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Table 3.4. Multilevel logistic regressions examining the factors contributing to within-day pain 

exacerbations and pain decreases  

 

 
 (B) 

Std. 
Error 

Exp  
 coefficient 

(OR)† 

95% confidence interval 
Lower bound Upper bound      

p-value 

Within-day pain exacerbations a 
     

Sleep quality (0-100) -0.049 0.016 0.953 0.923 0.983 0.002* 
Pain catastrophizing (0-12) 0.764 0.332 2.147 1.117 4.130 0.022* 
Positive affect (5-25) -0.241 0.130 0.786 0.655 1.015 0.065 
Negative affect (5-25) -0.074 0.097 0.929 0.713 1.123 0.444 

Within-day transitions from mild 
to moderate pain b 

      

Sleep quality (0-100) -0.030 0.015 0.970 0.942 1.000 0.047* 
Pain catastrophizing (0-12) 0.891 0.313 2.436 1.314 4.519 0.005* 
Positive affect (5-25) -0.108 0.133 0.898 0.691 1.166 0.417 
Negative affect (5-25) -0.004 0.129 0.996 0.772 1.283 0.973 

Within-day pain decreases c 

      

Sleep quality (0-100) 0.011 0.010 1.011 0.991 1.031  0.280 
Pain catastrophizing (0-12) -0.512 0.165 0.600 0.434 0.829  0.002* 
Positive affect (5-25) 0.177 0.116 1.193 0.949 1.500 0.129 
Negative affect (5-25) 0.056 0.107 1.058 0.857 1.306 0.600 

Within-day transitions from 
moderate to mild pain d 

  

    

Sleep quality (0-100) 0.015 0.017 1.015 0.982 1.049 0.373 
Pain catastrophizing (0-12) -1.001 0.386 0.368 0.170 0.793 0.011* 
Positive affect (5-25) 0.331 0.196 1.392 0.943 2.054 0.095 
Negative affect (5-25) 0.120 0.205 1.128 0.750 1.694 0.559 

 

Note: All these models were adjusted for daily morning pain intensity. 

* p = 0.05. † Expression coefficients are presented as odds ratio.  

a Clinically-significant within day pain exacerbations: Number of jaw pain intensity increases of magnitude 

≥ 20 in a 0–100 VAS occurring within the same day (i.e., from AM measurement to PM measurement). 

b Within day pain decreases: Number of jaw pain intensity decreases of magnitude ≥ 20 in a 0–100 VAS 

occurring within the same day (i.e., from AM measurement to PM measurement). 

c Total number of within day transitions from mild to moderate pain. If jaw pain intensity was rated as mild 

(<40) in the AM entry and moderate or severe (>40) in the PM entry within the same day, this was 

considered as moderate pain transition positive.  

d Total number of within day decreases from moderate to mild pain. If jaw pain intensity was rated as 

moderate or severe (>40) AM entry and mild (<40) in the PM entry of the same day, this was considered 

as moderate pain reduction positive. 
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Results indicated a significantly main effect of sleep on pain exacerbations (OR = 

0.953; 95% LLCI = 0.923; ULCI =  0.983; p = 0.002), indicating that nights with better 

sleep quality were less likely to be followed by clinically meaningful pain exacerbations 

the next day. Results also indicated that days characterized by higher greater catastrophic 

thinking were associated with an increased likelihood of experiencing clinically meaningful 

pain exacerbations (OR = 2.147, 95% LLCI = 1.117; ULCI = 4.130; p = 0.022). Results 

indicated that neither negative nor positive affect were significantly associated with the 

likelihood of experiencing clinically meaningful pain exacerbations. 

A multilevel logistic regression analysis was then conducted using the transition 

from “mild” to “moderate” pain index as the outcome, and all Level 2 IVs (i.e., daily sleep, 

catastrophizing, NA and PA) entered simultaneously in the model (see Table 3.4). Results 

indicated that day-to-day increases in sleep quality were associated with a decreased 

likelihood of experiencing transitions from “mild” to “moderate” pain on the following day 

(OR = 0.970, 95% LLCI = 0.942; ULCI = 1.000; p = 0.047). Results also indicated that 

days characterized by higher levels of catastrophic thinking were associated with a higher 

likelihood of experiencing transitions from “mild” to “moderate” pain (OR = 2.436, 95%; 

LLCI = 1.314 ULCI = 4.519; p = 0.005). None of the other IVs were significantly associated 

with the outcome. 

3.3. Contribution of sleep and psychological factors (catastrophizing, affect) 

to within-day pain decreases  

A multilevel logistic regression analysis was conducted using the within-day pain 

decrease index as the outcome variable. As for models described above, all Level 2 IVs 

(i.e., daily sleep, pain catastrophizing, NA and PA) were entered simultaneously in the 
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model (see Table 3.4). Results indicated that days characterized by elevations in 

catastrophic thinking were associated with a decreased likelihood of experiencing a 

clinically meaningful reduction in pain (OR = 0.600; 95% LLCI = 0.434; ULCI = 0.829; p 

= 0.002). Day-to-day levels of sleep, negative affect, and positive affect were not 

significantly associated with the likelihood of experiencing clinically meaningful pain 

decreases (all p's > .05).  

A multilevel logistic regression analysis was also conducted using the transition 

from “moderate” to “mild” pain index as the outcome, and all IVs (sleep, catastrophizing, 

NA, PA) were entered simultaneously in the model (see Table 3.4). Results indicated that 

days with higher catastrophic thinking were associated with a reduced likelihood of 

experiencing transitions from “moderate” to “mild” pain (OR = 0.368; 95% LLCI = 0.170; 

ULCI = 0.793; p = 0.011). Day-to-day levels of sleep, negative affect, and positive affect 

were not significantly associated with the outcome (all p's > .05). 

3.4. Sensitivity analyses: Given that the operationalization of within-day pain 

exacerbations using a binary outcome classification (e.g., > 20/100) prevents from using 

the full distribution of within-day change scores, a sensitivity analysis was conducted 

using the absolute (i.e., delta) change scores in pain intensity (from the morning to 

evening) as the outcome measure. Level 2 IVs (i.e., sleep quality, pain catastrophizing, 

negative affect, and positive affect) were then included in a multilevel linear model. 

Results from this analysis indicated that nights characterized by greater sleep quality 

were associated with lower within-day increases in pain intensity (B = -0.120, p < 0.011). 

Results from this analysis also indicated that days characterized by higher pain 

catastrophizing were associated with greater within-day increases in pain intensity (B = 
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7.671, p < 0.001). Finally, we also found that days characterized by higher levels of 

positive affect (PA) were associated with a lower magnitude of within-day pain increases 

(B = -1.591, p < 0.001).  Results from this sensitivity analysis are presented in 

Supplementary Table 3.5. 

Supplementary Table 3.5. Multilevel linear regression analysis examining the contribution of sleep and 

psychological variables on the magnitude of within-day pain increases.   

 

 
(B) Std. Error 

95% confidence interval 

Lower bound Upper bound      
p-value 

Sleep quality (0-100) -0.120 0.47 -0.212 -0.028 0.011* 

Pain catastrophizing (0-12) 7.671 0.926 5.846 9.496 <0.001* 

Positive affect (5-25) -1.591 0.478 -2.534 -0.649 0.001* 

Negative affect (5-25) -0.257 0.501 0.608 0.731 0.608 

 

Note: This model was adjusted for daily morning pain intensity. * p = 0.05. The outcome represents the 

delta (∆) change in pain intensity from morning to evening. 

 

A sensitivity analysis involving a person-level (i.e., Level 3) characteristic (i.e., 

ethnicity) was also conducted given that analyses revealed a significant main effect of 

ethnicity on the likelihood of clinically meaningful pain flares (> 20), with White participants 

being significantly less likely than Non-White participants to experience clinically 

meaningful pain flares over the 7-day period (B = -1.482, p = 0.01, OR = 0.227). Ethnicity 

was not associated with any other main outcomes (all p's > 0.05) and ethnicity did not 

significantly interact with any of the main IVs included in multilevel models (i.e., sleep, 

catastrophizing, NA, PA) (all p's > 0.05). These non-significant interaction effects suggest 

that the effects of IVs on main study outcomes was not influenced (i.e., moderated by) 

ethnicity.  
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4. Discussion  

The results of the present study show that day-to-day sleep quality and pain 

catastrophizing contribute to fluctuations in pain experienced over the course of the day 

by individuals with TMD. Our study revealed that nights of greater sleep quality  were less 

likely to be followed by clinically meaningful (i.e., > 20/100) pain increases on the following 

day. We also found that days characterized by higher levels of catastrophizing were 

associated with a greater likelihood of pain exacerbations on the next day. 

Catastrophizing was the only variable significantly associated with within-day pain 

decreases, with day-to-day elevations in catastrophizing being associated with a lower 

likelihood of experiencing within-day pain reductions from morning to evening. These 

findings add evidence to the significant contribution of sleep and catastrophizing to TMD 

pain, and importantly, provide new insights into the factors that may lead to TMD pain 

exacerbations in the context of patients' day-to-day lives.   

 Intraindividual (i.e., within-person) pain variability is currently considered an 

important topic in pain research, and as such it has been identified as an important clinical 

and study target.65, 81 Fluctuations in pain intensity have been associated with poor 

treatment responses95 and poor psychological well-being across different types of chronic 

pain conditions (e.g., arthritis, fibromyalgia, neuropathic pain, sickle cell disease, etc.)6, 

25, 40, 82 in part due to the sense of loss of control and unpredictability.6 Qualitative studies 

have also revealed that pain exacerbations may contribute to low self-confidence, 

vulnerability, and the perception of “being a burden”.71 Importantly, intraindividual pain 

variability has been considered an important feature for subgrouping and phenotyping 
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pain patients,6, 81 an important avenue to further understand and treat chronic pain. In our 

study we observed that 36%-42% of our TMD participants experienced at least one pain 

exacerbation over the course of the 7-diary days, which is similar to what has been found 

in other studies among patients with other types of chronic pain conditions, such as OA,5, 

72 but also with other studies conducted among TMD patients.44 Regarding the number of 

fluctuations, their occurrence across the sample was relatively low (i.e., clinically 

meaningful pain exacerbations = 7.8%-18.8%, clinically meaningful pain decreases = 

7.8%-23.8%), possibly due to the small period of observation (7 days) as well as the 

relatively modest average self-reported pain intensity (i.e., 45/100) at baseline and the 

daily pain average of 31/100 across the 7 diary days.  

 Although some studies have reported that the effects of poor sleep quality on 

osteoarthritis symptoms can dissipate over the course of the day,102 our study showed 

that sleep can contribute significantly to the experience of within-day, clinically meaningful 

pain increases (i.e., increase of > 20/100), in individuals with TMD. It appears that specific 

sleep factors, such as longer time in bed and sedentary behaviour, can also contribute to 

greater odds of next-day pain flares among low back pain patitents.16 Possible 

mechanisms include the impairment of endogenous pain modulation, the induction a 

status of low-grade inflammation, or increased arousal among others.7, 42, 43, 101 Although 

better sleep has been linked to pain improvement and remission over time across different 

conditions,3, 29 our results showed that sleep did not significantly contribute to within-day 

pain decreases in TMD participants. This might be due to the outcome or timing used to 

operationalize pain decreases. For example, a study revealed that better perceived sleep 

quality was associated with less pain in the earlier, but not later, part of the following day, 
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suggesting that the analgesic effects of good sleep might be “short-lived”.93 Another 

possibility relates to the mild to moderate levels of pain experienced by our sample.  

Among the psychological predictors of chronic pain, including TMD, one of the 

most consistently reported is pain catastrophizing.10, 23, 27 In our study, we observed that 

day-to-day elevations in pain catastrophizing were associated with a decreased likelihood 

of  within-day pain decreases. Longitudinal studies have shown that higher pain 

catastrophizing can predict worse recovery trajectories in post-surgical pain patients,53 

suggesting that catastrophic thoughts might impede recovery from pain episodes. 

Regarding the possible mechanisms of this association, it is well know that distorted 

cognitive processes can directly affect pain experience,58 and catastrophizing has been 

associated with the use of less effective pain coping strategies.18, 90 Additionally, there is 

evidence indicating that high pain catastrophizing could disrupt endogenous pain 

modulatory pathways by decreasing pain inhibition and/or increasing pain facilitation.35, 75 

Therefore, pain catastrophizing could  impede within-day pain reductions in part via 

alterations in the biological mechanisms involved in pain modulation.  

Despite a significant body of literature linking positive and negative affect with 

chronic pain,23, 97 we did not observe any significant influence of these variables on main 

outcomes of interest. A post-hoc power analysis indicated that our study was 

underpowered to detect statistically significant main effects for daily negative affect (NA) 

and positive affect (PA) when within-day fluctuations in pain were operationalized based 

on a binary outcome/cutoff. However, sensitivity analyses indicated that when within-day 

pain changes were operationalized on a continuum, days characterized by higher levels 

of positive affect were associated with a lower magnitude of within-day pain increases. 
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Research has shown that positive affect and negative affect influence pain differently.28 

Indeed, the role of positive affect in chronic pain, which could potentially “buffer” the 

harmful effects of chronic pain, has been highlighted.8, 28, 38, 83 Evidence suggests that 

positive affect influences pain over and above the influence of negative affect, although 

the impact of these affective states may differ across different pain conditions and study 

samples.28 In TMD, a recent study using daily diaries and actigraphy showed that positive 

affect mediated the association between previous night’s total sleep time and next-day’s 

overall pain severity.66 In fibromyalgia, positive affect was a stronger mediator than pain 

and negative affect for the association between daily subjective sleep and next day 

disability.55 A possible explanation for the mixed findings observed across studies is the 

use of different items to assess positive affect and the number of diary days. Other 

reasons include the inherent differences in clinical samples in terms of severity of sleep 

and pain problems.  

A number of other issues need to be considered when interpreting results from this 

study. First, our sample consisted of only females of a relatively young age, and with 

relatively mild levels of pain, which could limit the generalizability of these results. Second, 

we assessed daily outcomes for 7 days. A study conducted over a longer time period 

could have further our understanding of pain dynamics, in addition to providing a more 

detailed analysis of psychosocial characteristics as intraindividual pain modulators. 

Thirdly, while our methodological approach to operationalizing clinically meaningful pain 

exacerbations and pain decreases was based on commonly used cut-offs viewed as 

clinically useful,73, 88,51, 52 the operationalization of within-day pain exacerbations using a 

binary outcome classification (e.g., > 20/100) has limitations by preventing from using the 
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full distribution of within-day change scores. Also, floor and ceiling effects must be 

considered, as these cutoffs might be less applicable  among people with higher levels of 

pain on average. Future studies should explore additional sleep and psychological 

characteristics and their unique contributions to pain fluctuations in larger samples, 

including males, and among patients more diverse pain severity levels. Larger samples 

would also enable examination of how person-specific characteristics potentially interact 

with daily processes in contributing to pain fluctuations. In our study, sensitivity analyses 

revealed that ethnicity (i.e., being non-White) was associated with a greater likelihood of 

clinically meaningful pain fluctuations, which is consistent with previous reports of poorer 

pain-related outcomes among minorities,4, 60 but studies with larger sample sized might 

provide insights into how a host of person characteristics can influence interrelations 

between day-to-day sleep patterns, psychological states, and pain. In future studies, the 

clinical relevance and utility of other approaches to operationalize within-person variability 

will need to be explored,82 and importantly, other operationalizations of pain fluctuations 

that include multiple domains beside the sensory aspects of pain (i.e., pain intensity), 

such as impact on function and emotions15 could be considered as a way to provide new 

insights into these dynamic processes. Finally, using other subjective sleep measures, 

such as sleep duration, sleep latency, number of awakenings, and wake time after sleep 

onset among others, as well as home sleep quality monitoring (e.g., wearable devices) 

could contribute to a better understanding of the sleep and pain association. The 

concurrent incorporation of ambulatory measures assessing daily biological processes 

(e.g., breathing, heart activity or body movement) could also be useful.103 
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In conclusion, this study highlights the contribution of day-to-day sleep quality and 

psychological factors to within-day pain fluctuations that may be experienced among 

female individuals with TMD. Improving sleep quality and/or addressing sleep 

disturbances and pain catastrophizing through tailored interventions may offer valuable 

avenues for reducing the occurrence of TMD pain exacerbations. This might also promote 

the within-day recovery from high pain states and might ultimately contribute to improving 

the quality of life for TMD patients.  
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Transition to Chapter 4 

In the previous chapter of this thesis, we found that poorer sleep quality and pain 

catastrophizing contribute to the occurrence of clinically meaningful pain exacerbations 

over the course of the day among patients with chronic TMD. Interventions have been 

previously developed to specifically target sleep disturbances (84, 85) and pain 

catastrophizing (86) for patients with chronic pain, but these interventions are known to 

have only a modest impact on patients' levels of pain intensity.  Prescription drugs have 

long been used for the reduction of pain, most drugs usually provide modest pain relief 

and many of them are accompanied by undesirable side effects (87). Calls have thus 

been made to develop alternative treatment options for the management of chronic pain 

and its comorbidities. 

In this context, the use of repetitive transcranial magnetic stimulation (rTMS) 

emerges as an appealing option to be explored among TMD patients. rTMS is a safe 

non-invasive brain neurostimulation technique that can stimulate cortical and subcortical 

areas (88), and it has been used as a therapeutic tool to manage several conditions, 

including chronic pain disorders (83, 89, 90). Although rTMS has been researched in 

other chronic orofacial pain conditions, its use has never been explored in TMD. We 

thus conducted a randomized, double-blind, sham-controlled study to explore the 

effects of TMS among patients with TMD. More specifically, we evaluated the immediate 

and sustained (over 7 days) effects of a single session of active rTMS compared to 

sham stimulation. Daily diaries were used to evaluate main outcomes, such as patients'   

daily levels of TMD pain intensity and pain unpleasantness. Diaries were also used to 

explore the effects of rTMS on secondary outcomes such as sleep quality.  
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CHAPTER 4. EXPERIMENTAL PAPER 2 
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Lavigne GJ, Martel MO, De Beaumont L. One session of repetitive transcranial magnetic 

stimulation induces mild and transient analgesic effects among female individuals with 

painful temporomandibular disorders. J Oral Rehabil. 2024 Jan 15. doi: 
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Abstract  

Purpose: Temporomandibular disorders (TMD) are characterized by chronic pain 

and dysfunction in the jaw joint and masticatory muscles. Repetitive transcranial magnetic 

stimulation (rTMS) has emerged as a potential non-invasive treatment for chronic pain; 

however, its effectiveness in individuals with TMD has not been thoroughly investigated. 

This study aimed to evaluate the immediate and sustained (over 7 consecutive days) 

effects of a single session of active rTMS compared to sham stimulation on pain intensity 

and pain unpleasantness in individuals with TMD. 

Methods: A randomized, double-blind, sham-controlled trial enrolled 41 female 

participants with chronic TMD. Pain intensity and pain unpleasantness were assessed 

immediately pre- and post-intervention, as well as twice daily for 21 days using electronic 

diaries. Secondary outcomes included pain interference, sleep quality, positive and 

negative affect, and pain catastrophizing. Adverse effects were monitored. Repeated 
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measures ANOVA and multilevel modeling regression analyses were employed for data 

analysis. 

Results: Active rTMS demonstrated a significant immediate mild reduction in pain 

intensity and pain unpleasantness compared to sham stimulation. However, these effects 

were not sustained over the 7-day post-intervention period. No significant differences 

were observed between interventions for pain interference, sleep quality, and negative 

affect. A minority of participants reported minor and transient side effects, including 

headaches and fatigue. 

 

Conclusion: A single session of active rTMS was safe and led to immediate mild 

analgesic effects in individuals with TMD compared to sham stimulation. However, no 

significant differences were observed between interventions over the 7-day post-

intervention period. Based on this study, rTMS stimulation appears to be a promising safe 

approach to be tested in TMD patients with longer stimulation protocols. 
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1. Introduction 

Temporomandibular disorders (TMD) is an umbrella term describing different 

disorders that affect the temporomandibular joint (TMJ) and/or muscles of mastication 

[92]. One of the most common TMD symptoms is pain. TMD is the most common 

chronic orofacial pain condition after odontogenic pain, and the second most commonly 

occurring musculoskeletal condition, affecting around 12% of the general population 

and up to 36% of adults aged 20–49 years [60; 81]. Females are usually more affected 

than males, and although it can present at any age, it is most common in young and 

middle-aged adults [42; 60]. The diagnosis of TMD is based on clinical examination [92], 

and when it becomes chronic (i.e., more than 3 or 6 months) [101], it can significantly 

impact patients’ function, quality of life, and psychological well-being [63; 93; 95].  

The standard of care for TMD is based on a multidisciplinary approach consisting 

mainly on self-care measures, cognitive behavioral therapy (CBT), physical therapy, oral 

appliances and short-term pharmacotherapy, among others [42]. Although these 

strategies are effective for some patients, the chronification of the disorder due to the 

neural sensitization process, the frequent comorbidities accompanying it, can make 

TMD a condition difficult to manage in a significant proportion of patients [42; 104]. 

Thus, research to develop new avenues to manage chronic TMD is encouraged.   

Repetitive transcranial magnetic stimulation (rTMS) is a safe non-invasive 

neurostimulation technique based on magnetic fields that has the ability to stimulate 

cortical and subcortical areas [4], and it has been used as a therapeutic tool to manage 

several conditions, including chronic pain disorders [55]. While the stimulation over 

different brain areas (e.g., dorsolateral prefrontal cortex, insula) seem to reduce pain 
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intensity and other related psychological and functional outcomes [11; 25; 55], it appears 

that the stimulation of the motor cortex (M1) leads to better and more reliable results, 

being identified as the main target area to manage chronic pain [2; 55]. The mechanisms 

behind the analgesic effects of rTMS are not fully elucidated, but it is thought that rTMS 

can enhance pain inhibition by stimulating brain areas involved in pain modulation, such 

as the periaqueductal grey, insula, anterior, cingulate cortex, or basal ganglia, among 

others [18; 34]. Different preclinical and clinical studies have also reported the 

involvement of opioidergic, GABAergic, serotonergic, and glutamatergic pathways, and it 

seems that rTMS can also modify N-Methyl-D-aspartic acid (NMDA) receptors and induce 

long-term potentiation and depression-like mechanisms [18; 34]. Additionally, rTMS over 

M1 can also improve psychological function and sleep in chronic pain populations [35; 

44], which can be secondary to pain improvement but also independent due to the 

potential stimulation of subcortical structures and connection with other structures such 

as the basal ganglia via the cortico-striato-thalamocortical circuit [29; 35], or the default 

mode and attention networks [41].  Although a higher number of rTMS sessions produces 

larger and more durable effects [45; 55], it has been shown that only one session can 

have short-term analgesic effects that can last 3-5 days after the treatment [1; 3; 6; 71], 

thus becoming an option to investigate initial effects in a pain disorder before developing 

more time consuming and costly intervention protocols.  

The analgesic use of rTMS has been explored not only in spinally mediated chronic 

pain disorders, but also in chronic orofacial pain conditions, such as burning mouth 

syndrome, atypical neuropathic pain, and trigeminal neuralgia [23; 36; 47; 90; 102]. 

However, to the best of our knowledge, the effects of rTMS among patients with painful 
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TMD have never been explored. Therefore, we aimed to compare the analgesic and 

adverse effects of a single session of active rTMS with sham stimulation in patients with 

chronic TMD. More specifically, we evaluated the a) immediate (within session, pre-

intervention vs post-intervention) effects of rTMS on TMD pain intensity. We also 

examined b) the effects of rTMS on daily levels of TMD pain intensity and pain 

unpleasantness over 7 consecutive days. Secondary outcomes included daily pain 

interference, pain catastrophizing, positive/negative affect, and sleep quality.  

2. Methods   

2.1. Participants 

The study procedures were approved by The Human Subjects Research Ethics 

Board of Hôpital du Sacré-Cœur de Montréal within the CIUSSS du Nord-de-l'île-de-

Montréal. Participants were recruited from Orofocial pain clinics in Montreal and from the 

community through advertisements placed on university campuses and social media. All 

the procedures were performed in a TMS laboratory located at the Hôpital du Sacré-

Coeur de Montréal from 2021 to 2022. Written informed consent was obtained from every 

participant, in accordance with the Declaration of Helsinki.   

Participants included in this exploratory study met the following inclusion criteria: 

a) females (due to the increased prevalence of TMD in females [67; 72; 83]); b) between 

18 and 65 years of age; c) diagnosed with painful TMD, defined as chronic myalgia (>6 

months) with/without accompanying arthralgia per DC/TMD criteria [92]. Diagnoses were 

confirmed by a trained dentist/orofacial pain specialist (AHB) during the baseline visit; e) 

pain present at least 15 days during the last month; f) patients that were on stable 
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medications (i.e., not reporting a change in the last month) with direct analgesic 

properties; g) access to internet and electronic devices. Individuals were excluded from 

the study if they reported a) presence of any dental or orofacial pain disorder not meeting 

the above criteria; b) if they were on non-stable pharmacological treatment (e.g., reporting 

a change in medication in the last month), if they; c) reported having alcohol or substance 

use problems; d) reported any lifetime history of major neurological or psychiatric 

disorders; e) presented any TMS contraindication [40]. All participants were screened for 

TMS tolerability and safety using the Transcranial Magnetic Stimulation Adult Safety 

Screen (TASS) questionnaire [43; 86]. 

Participants received an economical compensation and transport for their 

involvement in the study. 

2.2. Experimental design  

A randomized, crossover, double-blind design was used. After telephonic 

screening comprising orofacial pain and TMS questionnaires verbally administered by a 

phone interviewer to assess eligibility criteria, participants took part into three laboratory 

assessment visits at the hospital. After randomization, each participant took part in a 

baseline assessment visit (Visit 1). Upon confirmation of the diagnosis by an orofacial 

specialist (AHB) who was blinded to study arm allocation (TMS active/sham), 

participants completed several demographics, clinical and psychosocial questionnaires 

(see section 2.3). During Visit 1, participants were also asked to complete electronic 

diaries up until study completion (i.e., for 21 consecutive days). Participants were then 

asked to come to the hospital for a second visit (i.e., Visit 2) to either receive active or 

sham rTMS (see treatment randomization, section 2.5). Finally, participants came to the 
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hospital for a third visit (i.e., Visit 3), where they received the alternate treatment 

condition (i.e., active if in visit 2 they received sham, or vice versa). Hospital visits were 

7 days apart, mainly to avoid any potential treatment carry-over effects [58; 89]. 

Participants were asked to avoid (when possible) using analgesic medications the day 

of the visit and they were allowed to resume usual TMD treatments (i.e., mouthguards 

or physical therapy) during the study period. Analgesic and other TMD treatments were 

assessed via self-report during the visits. A schematic representation of the study 

design and timeline can be observed in Figure 3.1. 

Figure 4.1. Study timeline.   

 

2.3. Baseline hospital visit  

During the baseline visit, participants filled out different questionnaires assessing 

sociodemographic (i.e., age, education, marital status, ethnicity, employment), 
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anthropometric (i.e., height, weight), and orofacial pain characteristics (i.e., pain location, 

pain duration, pain intensity, pain unpleasantness, pain interference). These 

questionnaires were taken from the Axis I of the DC/TMD Questionnaire package [92]. 

Pain intensity was rated based on an average from the last six months prior to the visit 

as well as at the precise moment of each visit. The Gracely Box Scale was used to assess 

pain unpleasantness [30], and the Fibromyalgia Survey Questionnaire (FSQ)[33] was 

used to assess the presence of widespread pain. Finally, a health history questionnaire 

was used to assess any clinical/medical comorbidities, such as other pain comorbidities 

(i.e., migraine headache, tension-type headache, chronic fatigue syndrome, chronic 

pelvic pain, chronic low‐back pain, vulvodynia, vulvar vestibulitis syndrome, irritable bowel 

syndrome, interstitial cystitis, neuropathic pain, osteoarthritis, rheumatoid arthritis, 

whiplash), sleep comorbidities (i.e., obstructive sleep apnea, restless leg syndrome), and 

other clinical/medical comorbidities such as  premenstrual dysphoric disorder, tinnitus, 

and post‐traumatic stress disorder)[65; 67].  

For the assessment of psychosocial variables, instruments from the DC/TMD Axis 

II were used.[92] These included the Jaw Function Limitation Scale 20‐items (JFLS-

20;[74]) for jaw limitation, the Patient Health Questionnaire‐9 (PHQ‐9;[51]) for depressive 

symptoms, the Generalized Anxiety Disorder‐7 (GAD‐7; [96]) for Generalized Anxiety 

Disorder symptoms,  and the Patient Health Questionnaire‐15 (PHQ‐15;[52]) for 

somatization. In addition, the Perceived Stress Scale (PSS; [12]) for perceived levels of 

stress, the Pittsburgh Sleep Quality Index (PSQI; [9]) for sleep quality, the Pain 

Catastrophizing Scale (PCS; [97]) for pain catastrophizing, and the Positive and Negative 

Affect Scale (PANAS; [108]) for positive and negative affect were used.  
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Finally, prior to each testing session, besides pain intensity and pain 

unpleasantness, participants reported on medication intake, caffeine intake, and 

menstrual cycle, because these variables may impact the study main outcomes [67]. 

When applicable, the menstrual cycle phase was  categorized based on previous studies 

into the following categories: menstrual, follicular, periovulatory, luteal and 

premenstrual.[85] Caffeine intake in the last 24 h was divided into three categories: low 

(< 100 mg/day), moderate (101–200 mg/day) or high (> 201 mg/day).[91] Participants 

were asked to report all the prescription drugs currently taken and quantified using the 

Medication Quantification Scale (MQS)[32].  

At the end of the baseline visit, participants were instructed on how to use 

RedCap,[77] an electronic data capture software that can be used on any computer, 

smartphone or tablet, in order to complete electronic diaries.  

2.4. Daily diaries 

Participants completed diaries, twice a day, for 21 consecutive days. Diaries were 

filled in the morning and in the evening, at random hours, within pre-specified time 

blocks (i.e., from 6:00am to 12:00pm; and from 6:00pm to 12:00am). Diaries were date- 

and time-stamped to ensure validity and compliance with the diary protocol. Diary 

measures included:  

2.4.1 Daily pain-related measures: participants were asked to rate the average 

level of pain intensity since their last diary entry using a visual analogue scale (VAS) 

that ranged between 0 (no pain) to 100 (extreme pain). This item was an adaptation of 

the standard VAS item used in the BPI assessing pain intensity.[98] Participants also 
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rated their pain interference with daily activities using a  VAS scale ranging from 0 (no 

interference) and 100 (extreme interference)[98]. Finally, patients were asked to provide 

reports of pain unpleasantness using a diary adaptation of the Gracely Box Score.[30]  

2.4.2. Daily sleep quality: sleep quality was assessed only in the morning entry, 

using a VAS that ranged from 0 (worst possible sleep quality) to 100 (best possible 

sleep quality). VAS to assess sleep is known to be a reliable method and is commonly 

used due to its simplicity in a variety of research and clinical settings[73; 75; 111]. 

2.4.3. Daily pain catastrophizing: pain catastrophizing was assessed using a 

diary version of the Pain Catastrophizing Scale (PCS).[16; 24] Patients were asked to 

report on different thoughts and emotions related to helplessness, rumination, and 

magnification associated with pain. Participants were asked to provide reports of 

catastrophizing since their last diary entry, using a scale ranging from 0 (very slightly or 

not at all) to 4 (extremely). Studies have supported the reliability and the validity of the 

daily Pain Catastrophizing Scale as a measure of daily pain catastrophizing.[16]  

2.4.4. Positive and negative affect measures: participants were asked to 

report the extent to which they experienced five positive emotions (i.e., enthusiastic, 

excited, alert, determined, and inspired) and five negative emotions (i.e., afraid, upset, 

nervous, scared, distressed) since their last diary entry on a scale ranging from 1 (not at 

all) to 5 (extremely). This measure is a diary adaptation of the Positive and Negative 

Affect Scale (PANAS)[108], which reliability and validity has been supported in several 

chronic pain studies.[7; 17; 22] As in other studies, items were averaged to create a 

measure of positive affect (PA) and negative affect (NA) score [7; 17; 22; 24]  
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2.5. Randomization, Concealment, and Blinding 

The order of the interventions (active rTMS or sham at first or second visit) were 

randomized and counterbalanced using a computer-based random sequence 

generation program (https://www.random.org/lists/). The allocation procedure was 

conducted by an external member of the research group and consisted of 42 sealed, 

opaque and numbered envelopes that contained information about intervention order in 

accordance with the randomization. When a participant was recruited, the research 

assistants involved in rTMS administration opened the envelope. This research 

assistant was the only person knowing the treatment order. The rTMS assistant 

adjusted stimulus parameters and coil used (active or sham coil) while the rTMS 

operator and participant were outside the room. Both active and sham coils were 

identical in aspect and emitted similar sounds. In that way, participants and TMS 

operators were blinded to the order of intervention.  

2.6. Treatment 

At the first visit (V1), optimal stimulation site over the left motor cortex M1 of the 

hand was determined through exploration near the C3 cortical electrode site as per the 

10/20 International system of electrode placement [46]. The optimal stimulation position 

was determined based on the stimulation site that elicited the largest and most 

consistent motor evoked potentials (MEPs), which were recorded from the contralateral 

first dorsal interosseous muscle of the hand. The “hot-spot” was marked on a swim cap 

with a dermatograph pencil to allow accurate repositioning of the coil between 

interventions and throughout the whole experiment. This site was recorded using a 3D 

tracking system (Northern Digital Instruments, Waterloo, Canada) to ensure consistent 
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coil positioning. The angle of inclination of the coil was determined using a level and the 

distance between the bathing cap and the nasion and between the bathing cap and 

each earlobe. The resting motor threshold (rMT) was defined as the lowest stimulator 

output needed to induce a MEP of >50 μV peak-to-peak amplitude in at least 6/10 

consecutive trials [87]. Once the rMT was determined, the marked cap was used for the 

location of M1 in the subsequent visits, similar to other studies [82]. Thus, the resting 

motor threshold was used to individually adjust the stimulation in each participant. 

During the stimulation visits, after M1 location, the experimenter in charge of the rTMS 

administration and the participant left the rTMS room while waiting for the TMS assistant 

to set the stimulation modalities and coil used, as previously described. Then, the cap 

and previous angle measurements were used to position the coil and the participant in 

an adequate position for an optimal stimulation.  

All participants sat in a comfortable reclining chair remaining as relaxed as 

possible, protected by earplugs during both stimulation sessions. Following previous 

studies [1; 2; 39; 59], we elected to stimulate the contralateral M1 of the hand 

representation to the most painful face side, as studies have shown that stimulating 

these area rather than the face/masseter representation of M1 may lead towards more 

consistent and reproducible results [1]. If TMD pain was bilateral, left M1 was 

stimulated, in a similar manner than fibromyalgia studies [55].  

2.6.1. Active and sham conditions 

The rTMS protocol included 30 consecutive trains of 50 stimuli delivered at 20 Hz 

at an intensity of 80% RMT. Trains of 50 stimuli lasted 2.5 seconds and the intertrain 

interval was 30 seconds. This methodology is consistent with previous clinical studies 
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(20, 21). Total treatment duration including localization was ~20 minutes for a total of 

1500 stimuli, using the Magstim Double 70mm AirFilm R Coil (Magstim, Whitland, 

Wales, UK) on a Super Rapid2 Plus Magstim rTMS device ((Magstim, Whitland, Wales, 

UK)). The TMS coil was positioned tangentially to the head at a 45◦ angle to induce a 

posterior-anterior current flow [45]. The coil was centered and fixed directly over the 

stimulus site using a tripod so that the coil handle pointed to the back. Sham treatment 

was applied using the same procedure with the Magstim AirFilm R SHAM coil (Magstim, 

Whitland, Wales, UK) entering the same TMS parameters as in the active treatment. For 

a graphical depiction of TMS administration, including coil positioning and orientation, 

and experimental set up please see [45; 59] 

 

2.7. Safety and blinding success assessment 

The occurrence of any adverse event was collected over the entire study period 

using qualitative open-ended questions. At the end of the study, participants were also 

asked to guess the order of treatment (i.e., active during the first session and sham during 

the second, or vice versa). 

As we considered the study as exploratory given the lack of previous studies using 

rTMS with TMD participants, we did not plan adjustment for multiple comparisons.  

2.8. Data reduction and analyses 

 Data analysis was performed using IBM-SPSS v.25 (SPSS Inc, Chicago, IL). 

Descriptive statistics were presented as means and standard deviations for continuous 

variables and frequencies/percentages for categorical variables. Baseline variables were 
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collected primarily for characterization purposes and rather than as potential confounding 

factors considering the exploratory nature of this study and modest sample size. 

Additionally, the cross-over design provides a way to control for between-person 

differences and to reduce the impact of potential confounding factors. In cross-over 

designs baseline measures are not necessary confounders because each participant acts 

as their own baseline, reducing error from between-participant variability [109]. All study 

analyses were conducted with an α level (i.e., p value) for significance set to .05.  

For the first objective (i.e., evaluate the immediate effects of rTMS vs sham), the 

primary outcomes included mean changes in pain intensity and pain unpleasantness 

immediately before and after treatment, during the same day (i.e., (testing/treatment) 

session.  In order to assess our first objective (immediate effects of rTMS vs sham), two-

way (type of intervention x time interaction). Repeated measure analyses of variance 

(ANOVAs) were used. In this ANOVA, the type of intervention (active or sham) and time 

(pre or post) were the independent variables, and the dependent variables were pain 

intensity and pain unpleasantness, respectively. Post-hoc pairwise comparisons were 

done using the Bonferroni test.  

 In order to assess our second objective (i.e., effects of rTMS on daily TMD pain 

intensity and pain interference), multilevel modeling (MLM) analyses were used given the 

hierarchical (i.e., nested) data structure of this study, in which repeated daily measures 

(Level 1 units) were nested within days (Level 2 units), which were nested within 

participants (Level 3 units). In the first two multilevel regression analyses, the independent 

variables were type of treatment (no intervention, active rTMS, sham), and daily pain 

intensity and daily pain unpleasantness were used as dependent (i.e., outcome) variables 
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in separate analyses. Multilevel regression analyses were then used to examine rTMS 

effects on secondary outcomes such as daily sleep quality, daily pain catastrophizing, and 

daily negative/positive affect using identical multilevel regression analysis models. For all 

the daily variables described above, participants' ratings provided in the AM and PM were 

aggregated at the day-level (i.e., Level 2). 

All of the multilevel models followed a sequential procedure, [48; 88; 106] which 

first involved specifying a random intercept and fixed effects for independent variables 

(IVs). Person-level (i.e., Level 3) variables such as participants’ demographic 

characteristics (e.g., age, ethnicity, education, body mass index, marital status, 

employment status), pain condition characteristics (e.g., number of pain locations, 

comorbidity index, etc.), menstrual cycle, medication and caffeine intake were all 

examined as potential effect modifiers. All multilevel models described above were carried 

out using maximum-likelihood (ML) estimation and included a first-order autoregressive 

variance covariance matrix (AR1) to account for the autocorrelation between repeated 

measures. As recommended, all independent variables were centered before being 

entered in multilevel models [20]. With the ability of MLM to account for randomly missing 

Level 1 data [38; 94], 41 participants were included in multilevel analyses without the 

need for any data imputation procedures. Across all assessment time points, compliance 

with the diary protocol was very high, with an overall completion rate of 96.2%. When 

combining the four main Level 1 variables that were assessed in this study (i.e., pain 

intensity, negative affect, positive affect, and catastrophizing) and Level 2 (i.e., sleep), 

there was a total of 11,402 possible data points, and10,996 data points (96.2%) were 
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observed. Analyses indicated that participants with and without missing data did not differ 

significantly on any of the main study variables (all p’s > .05). 

In addition, paired T-Tests were conducted to determine if participants’ pain 

intensity and unpleasantness at baseline differed across the two treatment order 

conditions (i.e., active rTMS at V1 and sham rTMS at V2, or vice versa), in order to assess 

if the randomization was successful.  

Regarding sample size calculation, an a priori power analysis conducted using 

G*Power 3.1.9.6 software, revealed that using the proposed analysis and cross-over 

design, a total sample size of 36 participants would suffice to detect a mild effect size 

(np2 = 0.2) with a power of 0.80 at a given alpha of 0.05 [1; 36].  

 

3. Results  

We screened 55 participants from which 42 complied with eligibility criteria and 

were enrolled on the study. One participant withdrew before visit 2 due to anxiety related 

to the intervention. Therefore, the data presented corresponds to a total of 41 female 

participants (age: 26.63 ± 8.57). Participants' baseline demographic, pain, and 

psychosocial characteristics are shown in Table 4.1. Seven participants took 

antidepressant medications in a stable basis. 
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Table 4.1. Descriptive characteristics at baseline  

 Mean (± SD) or frequency (%) 

 

Demographic variables 

 

Age (y) 26.63 ± 8.57 
BMI (kg/m2) 22.34 ± 2.94 
Marital status (single, %) 29 (70.7%) 
Ethnicity (white, %) 27 (63.4%) 
Education (University bachelor or above, %) 26 (64.4%) 
Employment (students, %) 28 (66.7%) 
 

Pain characteristic variables  

 

Average pain intensity (0-100) 50.49 ± 11.17 
Concomitant TMJ arthralgia  26 (63.4%) 
Concomitant HA attributed to TMD 26 (63.4%) 
GBS pain unpleasantness (0-20) 7.21± 2.90 
BPI pain interference (0-100) 19.87 ± 20.05 
Pain duration (months) 79.0±117.93 
Comorbidity index (0‐18) 1.05 ± 1.32 
FSQ (0-31) 10.98 ± 4.30 
GCPS grade 0  
GCPS grade I  
GCPS grade IIa 
GCPS grade IIb 

16 (39.0%) 
20 (48.8%) 
3 (7.3%) 
2 (4.9%) 

 

Psychosocial variables  

 

PANAS-NA (10-50) 11.33 ± 3.80  
PANAS-PA (10-50) 16.03 ± 3.64 
JFLS‐20 (0-10) 1.85 ± 1.07 

PHQ‐9 (0-27) 6.04 ± 4.75 

GAD‐7 (0‐21) 6.05 ± 4.47 

PHQ‐15 (0‐30) 10.02 ± 6.68 

PSS (0‐40) 16.10 ± 6.61 

PSQI (0‐21) 5.92 ± 3.03 

 
TMS variables  

 

Resting motor threshold  56.98 ± 12.24 
 

Other potential confounders  

 

Menstrual cycle phase 
No menses 
Menstrual  
Follicular  
Periovulatory 
Luteal 
Premenstrual  

 
7 (17.1%) 
9 (22.0%) 
5 (12.2%) 
5 (12.2%) 
7 (17.1%) 
8 (19.5%) 
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Caffeine intake last 24 h 
None 
Low 
Moderate  
High  

 
10 (24.4%) 
11 (26.8%) 
15 (36.6%) 
5 (12.2%) 

MQS score 2.37 ± 4.26 
 

 

 

Notes: BMI: body mass index; BPI: brief pain inventory; FSQ: Fibromyalgia survey questionnaire; GAD: 

general anxiety disorder; GBS: Gracely box scale; GCPS: graded chronic pain scale; HA: headache; 

JFLS: jaw functional limitation scale PANAS: positive and negative affect scale; MQS: medication 

quantification Scale; PHQ: patient health questionnaire; PSQI; Pittsburgh sleep quality index; PSS: 

perceived stress scale; TMJ: temporomandibular joint; TMD: temporomandibular disorders; TMS: 

transcranial magnetic stimulation 

Notes: Medications used were: Fluoxetine, Citalopram (2), Escitalopram (2), Wellbutrin (2), 

Levothyroxine, and Formoterol.  

 

 3.1. Immediate effects of rTMS on pain intensity and pain unpleasantness  

Regarding our first objective, results from the 2 x 2 ANOVA showed a significant 

interaction (type of treatment X time) effect on TMD pain intensity, F(1, 40) = 6.054, p = 

0.018 (see Figure 4.2).  

Figure 4.2. Immediate effects of active and sham rTMS on pain intensity (A) and 

pain unpleasantness (B). 
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A)   

B)      

Legend: Immediate effects of active and sham rTMS on pain intensity (A) and pain 

unpleasantness (B). VAS, visual analogue scale. GBS, Gracely Box scale. rTMS, 

repetitive transcranial magnetic stimulation. 
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Results indicated a significant mild immediate decrease in TMD pain intensity from 

pre-to-post treatment, but the magnitude of the decrease in TMD pain intensity was only 

significant in the active rTMS condition (m = 29.12 vs 21.48; p < 0.001), not in the sham 

condition (m = 26.83 vs 25.52; p = 0.522).  Results also indicated a significant interaction 

(type of treatment X time) effect on TMD pain unpleasantness F(1, 40) = 12.881, p < 

0.001. Results indicated a significant mild decrease in TMD pain unpleasantness from 

pre-to-post treatment (i.e., from pre-to-post treatment). While the magnitude of the 

decrease in TMD pain unpleasantness was significant in both active rTMS condition (m 

= 7.31 vs 5.37; p < 0.001), and sham condition (m = 6.56 vs 5.98; p = 0.011), this was 

more pronounced in the active condition (Figure 4.2). 

3.2. Effects of rTMS on daily pain intensity and pain interference  

Results from MLM indicated a significant interaction effect between treatment type 

and time on pain intensity and pain unpleasantness (both p's < 0.001).  

Post-hoc contrast analyses indicated that mean TMD pain intensity across the 7-

day period (i.e., main effect of time) was significant when comparing active rTMS and the 

baseline (no treatment) condition (m = 31.50 vs. 28.10; p < 0.001) and when comparing 

sham and baseline (m = 31.50 vs. 27.65; p < 0.001). However, post-hoc analyses 

indicated that the decreases in mean pain intensity over the 7-day period between the 

active rTMS and sham conditions were not significantly different (m = 28.10 vs. 27.65; p 

= 0.468).  
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In other words, lower levels of pain intensity and pain unpleasantness were 

observed in both interventions (active and sham), but the difference between them was 

not statistically significant (see Table 4.2).  

 

Table 4.2. Multilevel modeling results assessing the effects of active rTMS and sham rTMS on primary 

and secondary outcomes over a 7-day period, expressed as means and standard errors of mean. 

 

Notes:  rTMS: repetitive transcranial magnetic stimulation 

 

3.3. Effects on secondary outcomes  

Similar results were obtained with secondary outcomes such as pain interference 

and sleep quality, as a significant difference was observed between no intervention and 

both interventions, but no significant difference was observed between active and sham 

in any of those models (Table 4.2). However, negative and positive affect did not change 

with the active intervention when compared to no intervention (m = 7.89 vs. 7.82; p = 

 

 
No intervention Active rTMS SHAM rTMS 

 
p-value 

No 
Intervention 

vs Active 

No 
Intervention vs 

Sham 
Active vs 

Sham 

Pain intensity (0-100) 31.50 (2.41) 28.10 (2.41) 27.65 (2.41) <0.001 <0.001 0.468 

Pain unpleasantness (0-20) 6.23 (0.39) 5.63 (0.39) 5.62 (0.39) <0.001 <0.001 0.945 

Pain interference (0-100) 19.68 (2.66) 17.34 (2.66) 16. 50 (2.66) <0.001 <0.001 0.252 

Sleep quality (0-100) 41.72 (2.09) 36.31 (2.09) 34.79 (2.09) <0.001 <0.001 0.186 

Negative affect (5-25) 7.96 (0.45) 7.82 (0.45) 7.68 (0.45) 0.190 0.004 0.150 

Positive affect (5-25) 11.75 (0.56) 11.79 (0.56) 12.09 (0.56) 0.799 0.005 0.012 

Pain catastrophizing (0-12) 1.48 (0.27) 1.22 (0.27) 1.05 (0.27) <0.001 <0.001 0.002 
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0.190 and m = 11.75 vs 11.79; p = 0.799, respectively), but they slightly improved under 

sham compared to no intervention (m = 7.89 vs. 7.68; p = 0.004 and m = 11.75 vs 12.09; 

p = 0.005, respectively). Additionally, positive affect (m = 11.79 vs 12.09; p = 0.012) and 

pain catastrophizing (m = 1.22 vs 1.05; p = 0.002) improved slightly more with the sham 

intervention than with the active. 

3.4. Adverse effects 

One participant withdrew from the study after completing the baseline visit and 7 

days of baseline daily diaries due to anxiety prior to the interventional visits. Three 

participants reported mild headaches only after the active rTMS intervention, two 

participants only after the sham intervention, and three after both active and sham. In all 

cases, headaches resolved within a few hours after the interventions without the need of 

using any of medication. Moreover, one participant reported generalized transient fatigue 

immediately after both active and sham interventions. No other adverse effects were 

reported.  

3.5. Participant blinding & randomization 

Our results indicated that 60.1% of the participants (25 out of 41) guessed the 

order of treatment correctly, hence being considered as an acceptable blinding 

success[5]. Participants assigned to the two different treatment order options (i.e., active 

rTMS at V1 and sham rTMS at V2, or vice versa) did not differ significantly on pain 

intensity (39.01 ± 13.40 vs 37.98 ± 13.68; p = 0.89) and pain unpleasantness (5.81 ± 3.53 

vs 7.00 ± 3.66; p = 0.30) at baseline. 
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4. Discussion 

Results of this study revealed that one session of active rTMS induces significantly 

greater, yet mild, immediate analgesic effects (i.e., reductions in pain intensity and pain 

unpleasantness) relative to sham among participants with TMD. However, immediate 

rTMS effects on the latter pain measures were not sustained during the 7 consecutive 

days post-treatment, at which time pain relief was comparable to sham stimulation. 

Although speculative, this might be possibly due to the use of only one session of rTMS 

[55].  Side effects were minor and lasted less than a day. These results highlight the 

potential analgesic effects of rTMS among individuals with TMD.  

Painful chronic TMD is heterogeneous and its exact pathophysiology is unclear, 

yet several mechanisms have been suggested to explain how biological, psychological 

and social factors can combine to predispose, perpetuate, or initiate TMD [42]. Similarly 

to other disorders such as fibromyalgia, from which TMD shares several characteristics 

[70],  some studies have pointed towards alleged neurologic, endocrine and inflammatory 

pathways, including autonomic dysfunction, chronic inflammation, and altered 

endogenous pain modulation, as pain perception and processing may be impaired in 

these individuals[42; 68]. While earlier studies indicated relatively normal cortical 

excitability in a small sample of TMD participants [15], a recent study found that in patients 

with persistent idiopathic facial pain (which could include TMD), significant alterations in 

cortical neurophysiological parameters of cortical excitability, namely defective 

intracortical GABAergic interneuron activity in the intermediate layers of the M1, were 

present when compared to healthy individuals [26]. Different studies have also pointed 

toward impaired cortical excitability and plasticity in myofascial pain syndromes [99; 100]. 
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Therefore, the potential application of rTMS, which can be used to modify cortical 

excitability and potentially “restore” cortical activity among TMD individuals, could 

potentially contribute to explaining short-term (i.e., immediate) reductions in TMD pain 

intensity and pain unpleasantness following the use of rTMS.  

Depending on the parameters and areas of stimulation, rTMS can exert different 

effects (i.e., excitatory or inhibitory) and modulate different pathways, thus having the 

capacity of being used for different purposes. Regarding chronic pain treatment including 

orofacial pain, although neural excitatory protocols (i.e., high frequency) over brain areas 

such as the DLPFC have shown analgesic potential in different pain disorders, 

independent and comparative research has shown that rTMS applied over the M1 have 

generated better results in producing analgesic effects (mostly studied in neuropathic 

pain) [2; 36; 55], and that somatotopic effects are likely not to be obtained by stimulating 

specific M1 areas but rather by “recruiting” more brain networks known to be involved in 

analgesia [1]. In light of findings from previous work [1; 36], we elected a high frequency 

protocol over M1 of the hand rather than the face to induce analgesic effects. Results 

from the present study revealed that such protocol had immediate analgesic effects by 

reducing pain intensity and pain unpleasantness, suggesting that rTMS could impact 

different components (sensory and affective) of the pain experience [64; 80]. These 

findings are consistent with the literature, as besides pain intensity, rTMS over M1 has 

shown to reduce affective and emotional dimensions of pain in other pain conditions [69; 

78], perhaps due to the indirect stimulation of insular and cingulate cortex [69; 76; 78] .  

Importantly, we were not able to infer analgesic mechanisms due to the design of this 

study. The inclusion of cortical excitability measures and imaging methods such as 
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functional magnetic resonance imaging (fMRI) before and after treatment to assess more 

objective outcomes, could have given more insight into rTMS analgesic pathways and 

would be extremely valuable in future trials[66; 105]. Furthermore, such outcomes can 

also be used to personalize and improve rTMS treatment, as it has been shown in patients 

with depression [10; 27].  

Given the heterogeneity of the disorder and associated mechanisms, future 

research seeking to stimulate over different cortical areas could also be useful to target 

more specific phenotypes. For instance, it has been shown that excitatory rTMS 

stimulation over the face M1 can induce durable results among patients with neuropathic 

orofacial pain [90], and that inhibitory rTMS stimulation over S1 can successfully alter 

proprioceptive facial perceptions [49; 50]. In addition, female gender, shorter duration of 

pain and lower anxiety have shown a certain favorable profile on analgesic facial pain 

rTMS response [90]. Whereas research identifying predictors of rTMS response in other 

conditions such as depression is extensive [14; 28; 31; 37; 53; 54], less is known about 

chronic pain. Therefore, further research with larger samples, different protocols and 

more specific phenotypic mechanisms are warranted in this population.  

Importantly, most of the studies showing consistent and durable analgesic effects 

utilized a higher number of sessions, as changes in brain function are thought to occur 

gradually over time and may require multiple sessions to produce significant and lasting 

effects [55]. For example, a recent randomized multicentre sham-controlled trial using 15 

sessions over 22 weeks found that active rTMS was superior to sham in several pain 

outcomes among neuropathic pain patients for almost 7 months [2], while a study using 

10 sessions of rTMS among patients with upper limb fracture observed better pain and 
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functional outcomes  three months following the stimulation (Jodoin et al. 2023 paper 

under review). Nonetheless, one session rTMS protocols can be beneficial to assess the 

feasibility and initial effects of this technique on a specific condition that has not been 

studied before, and thus becoming of value to show initial evidence for the justification of 

larger and costly high-quality RCTs. Results from our study showed that although active 

rTMS produced immediate pain reduction in comparison to sham, which was close to the 

20-30% cutoff that was established for determining clinically significant changes in pain 

intensity among chronic pain populations [19; 21] (i.e., 26.3% reduction from before 

treatment), adding extra treatment sessions could have been justified to explore the 

potential of rTMS in TMD patients.  

Regarding secondary outcomes (pain interference, sleep, positive and negative 

affect, and catastrophizing), an improvement from baseline was observed with both 

interventions (active and sham), but a difference across interventions (i.e., active rTMS, 

sham) was not observed.  In that way, one session of active rTMS did not seem to show 

superiority to sham on those outcomes. Considering that a single session of rTMS has 

the potential to alter cortical pathways, it is plausible that these outcomes might be 

influenced, although the likelihood of such influence is relatively low. Indeed, most of the 

earlier one-session rTMS studies showing analgesic benefits did not measure such 

secondary outcomes [56; 57; 79], likely because only transient effects on pain were 

anticipated and the influence of other psychosocial variables was not expected. 

Nonetheless, as demonstrated previously [2; 35; 61; 76; 110], it is plausible that 

conducting more rTMS sessions may be able to improve these outcomes directly or 

indirectly (through pain relief), which becomes critical within a biopsychosocial context. 
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Importantly, we observed that the sham intervention improved more positive affect and 

reduced more pain catastrophizing than active rTMS (Table 4.2), highlighting the 

important non-specific or placebo effect associated to rTMS interventions that is widely 

reported in the literature [8; 62; 84]. Different placebo responder phenotypes have been 

identified among chronic pain conditions and TMD individuals [13; 103; 107]. For 

example, a recent study among TMD individuals and healthy controls showed that those 

reporting more emotional distress and maladaptive cognitive appraisals of pain, such as 

pain catastrophizing, may benefit less from certain placebo effects [107]. Therefore, it is 

possible that as our sample did not have high levels of emotional distress and pain 

catastrophizing, analgesic non-specific effects could have been greater. As it has already 

been suggested, addressing the phenomenon of differential placebo effects of sham 

rTMS interventions compared with other forms of placebo in prospective studies is highly 

relevant to further understand and enhance rTMS clinical efficacy [62].  

This study presents some limitations. First, the use of a neuronavigational system 

would have been ideal to always ensure stimulation accuracy. As previously mentioned, 

another limitation was the use of a single session due to the exploratory nature of our 

study. Future studies aiming to assess efficacy and safety rather than initial effects should 

use a higher number of sessions (e.g., 5 sessions), different protocols such as theta burst 

stimulation, and areas of stimulation to potentially optimize rTMS treatment among painful 

TMD individuals. In addition, we included only females, the majority of young age, and 

most of our sample presented mild to moderate levels of pain, which limit the 

generalization of the study findings. More studies including participants of different ages, 

gender and ethnicity with a wider range of pain intensity or disability are encouraged. 
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Finally, despite using a double-blind study design, it would have been worthwhile to test 

success of blinding among main operators as well. 

 

5. Conclusions  

 This study demonstrates that a single session of active rTMS can lead to 

significant, yet mild, reductions in pain intensity and pain unpleasantness among 

individuals with TMD. The immediate analgesic effects observed with active rTMS 

highlight the potential utility of TMS as a non-invasive treatment option for TMD-related 

pain. However, when considering improvements from baseline and comparing active 

rTMS to sham stimulation over a week-long period, no significant difference was found, 

suggesting that the analgesic effects of a single session may not be sustained in the 

long term. 

The minor and transient side effects reported in a minority of TMD patients from 

this study, such as headache and fatigue, further support the safety and tolerability of 

rTMS as a therapeutic intervention for TMD.  

Given the heterogeneity of TMD and its elusive underlying mechanisms, further 

research is warranted to explore the optimal parameters, treatment protocols, and brain 

areas to be targeted using rTMS in this population. Future studies with larger sample 

sizes, diverse phenotypic characteristics, and multiple treatment sessions will contribute 

to understand if the analgesic effects of rTMS is a sustainable avenue for TMD patients 

or for specific subgroups with specific phenotype clinical characteristic or to a given 

endotype, mechanism responders. 
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CHAPTER 5. DISCUSSION 

The present thesis included four distinct chapters. The objective of Chapter 1 was 

to review the association between sleep and chronic pain, with a specific focus on 

describing the directionality of the "sleep-pain" association and putative underlying 

mechanisms. The objective of Chapter 2 was to review the association between sleep 

and TMD pain, with a specific focus on describing objective and subjective sleep 

measures and identifying potential areas of study and intervention. The objective of 

Chapter 3 was to to examine the contribution of sleep quality and psychological factors 

to within-day pain fluctuations in patients with TMD. The objective of Chapter 4 was to To 

assess the potential effects of rTMS on pain and other TMD-related outcomes (i.e., sleep) 

in patients with TMD. 

In the following sections, a brief summary of findings and knowledge that has 

emerged from reviews (Chapters 1 & 2) and from experimental studies (Chapers 3 & 4) 

will be presented. Given that manuscripts included in the present thesis already offered a 

detailed interpretation of findings based on previous work in the area, the following 

discussion will be particularly focused on the general contribution of our findings to the 

existing theoretical and empirical literature. The clinical implications of our findings will 

also be discussed, and directions for future research will be addressed. 

5.1 The "sleep and pain" association and underlying mechanisms  

The reviews conducted in Chapter 1 and Chapter 2 provided important information 

regarding the relationship between sleep and chronic pain. Results from the reviews 

suggest that in many cases, sleep appears to have a more substantial impact on pain 
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than the other way around, and this influence seems relatively consistent across studies. 

Review results presented in Chapter 1 also suggest that the high co-occurrence of sleep 

and pain problems involves the interplay of many other factors, including common 

underlying biological mechanisms involved in the regulation of sleep and pain. For 

example, the potential predominance of underpinning mechanisms could be different in 

both sexes, as females potentially experience more pronounced alterations in their pain 

modulation processes compared to males (91, 92). Additionally, the dysregulation of the 

hypothalamic-pituitary-adrenal (HPA) axis may be more prominent in individuals with 

insomnia, particularly those whose sympathetic systems are predisposed to be overactive 

(93). Furthermore, low-grade inflammation is intertwined with numerous other pathways, 

and emerging evidence suggests that the endocannabinoid system, melatonin, and 

orexin pathways could hold key insights into this intricate relationship (91). Further 

investigation of these phenotypes and endotypes could potentially lead to a better 

understanding of how they contribute to the maintenance of comorbid sleep and pain 

problems. Further research in this area might also lead to the development of 

interventions specifically targeting these biological mechanisms, which in turn might 

ultimately lead to improved management of patients presenting with comorbid sleep and 

pain problems.  

In the second review (i.e., Chapter 2), a deeper dive is taken into the sleep 

problems among patients with temporomandibular disorders (TMD). This condition sets 

a unique challenge due to its frequent comorbidities with insomnia, obstructive sleep 

apnea (OSA), and sleep bruxism. Although less frequently, TMD can also be 

accompanied by upper airway resistance syndrome (UARS) and restless leg syndrome 
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(RLS) (27, 28, 94). Among patients with TMDs, the directionality of the association 

between sleep and remains unclear. Similar to other chronic pain conditions, a possible 

reason is that patients often present with psychological comorbidities, which can influence 

both sleep and pain, and contribute also independently to amplify the pain experience 

(95). Second, while subjective sleep quality is consistently reported as compromised in 

TMD patients, objective measurements through polysomnography (PSG) have revealed 

minor sleep pattern disruptions, namely increased RERA (respiratory effort related 

arousal), an index of arousability, in comparison with healthy controls. This suggests that 

patients with TMD might be characterized by having a higher level of arousability, which 

could contribute to the frequently observed co-occurrence of sleep and pain problems in 

this population. The clinical significance of these PSG findings (i.e.,, RERA) and their 

impact on pain remains to be fully understood. Third, the management of sleep disorders 

in TMD requires a tailored approach, yet guidelines for optimizing treatments and 

addressing comorbidities, such as sleep-related breathing disorders, are not well-

established (Chapter 2). 

5.2. Factors contributing to daily TMD pain fluctuations 

 Although results from our reviews (Chapter 1 & 2) suggest that research has 

indicated important interrelationships between sleep, psychological states, and pain, 

further studies, especially those employing dynamic assessments are needed. It is well 

known that fluctuations occur over time in chronic pain patients' sleep patterns (96-99). 

Longitudinal study designs involving repeated measures are needed to provide more 

reliable and comprehensive insights into the complex interplay between sleep, 

psychological function, and TMD pain. 
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Ecological momentary assessment (EMA) is a procedure for data capturing that 

involves repeated sampling of subjects' current behaviors and experiences in real time, 

in subjects' natural environments. EMA aims to minimize recall bias, maximize ecological 

validity, and allow study of microprocesses that influence behavior in real-world contexts  

(100-102). EMA methods have been used extensively in health and clinical psychology 

to investigate a variety of health behaviors, including substance use, eating, medication 

adherence, sleep, and physical activity (103). This method provides a detailed and fine-

grained view of individuals' experiences and behaviors over time capturing of within-

person variation including daily fluctuations, patterns, and changes, which may be missed 

in studies involving retrospective/cross-sectional study designs or less frequent 

assessments. 

Studies relying on diaries and/or ecological momentary assessment (EMA) 

methods have already been used among patients with TMD  to capture parafunctional 

habits or oral behaviours such as awake bruxism (104, 105), but also to  explore pain and 

psychosocial outcomes such as sleep, coping, affect, and pain catastrophizing (106-108). 

Recently, Mun et al. (2022) assessed if sleep deprivation could induce threat 

interpretation bias, and impairment in positive affective functioning, using both actigraphy 

and daily diaries (109). They examined whether morning pain expectancy and positive 

affect mediated the association between previous night's sleep disturbance and next-day 

overall pain severity in 144 women with TMD. In that study, it was shown that shorter 

objectively measured daily total sleep time was associated with an increase in pain 

severity on the next day via greater morning pain expectancy. Also, on days following 

shorter nights of sleep, decreases in positive affect, but not necessarily increases in 
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negative affect contributed to higher levels of pain. As authors recognized, they did not 

include other important psychological variables, such as pain catastrophizing, which is 

known to influence both sleep and pain, and even to moderate or mediate such 

association (110, 111). The longitudinal diary study included in Chapter 3 of the present 

thesis yielded results that allowed to not only better understand the relative contributions 

sleep and psychological disturbances on TMD pain, but also on day-to-day TMD pain 

exacerbations. TMD pain fluctuations, including exacerbations or reductions, are critical 

in the study of pain for several reasons, including the better understanding of pain 

mechanisms and the identification of variables that contribute to pain perception and pain 

modulation. Monitoring these fluctuations can provide valuable information about disease 

progression, and it can potentially help to assess the impact of treatments and 

interventions (80). From our study (Chapter 3) we observed that that day-to-day sleep 

quality and psychological factors can contribute to pain exacerbations (also known as 

pain “flares”) over the course of the day among individuals with TMD. More specifically, 

we found that participants reporting poorer sleep were more likely to experience clinically 

meaningful pain increases (i.e., increases in pain of > 20 points on a 0/100 scale) over 

the course of the day. We also found that participants reporting higher levels of 

catastrophizing were more likely to experience clinically meaningful pain increases over 

the course of the day. While we did not delve into the biological mechanisms underlying 

these effects, our findings indicated that neither positive nor negative affect were 

determinants of within-day pain exacerbations among patients with chronic TMD. This is 

somewhat in contrast to what Mun et al. observed using next day pain intensity as 
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outcome (109). In their study, though, they had not examined the contribution of sleep to 

pain fluctuations.  

While the vast amount of literature regarding pain fluctuation focuses on pain 

exacerbations, little is known about the factors that might contribute to reductions in pain 

and/or clinically meaningful pain decreases over the course of the day. It was conceivable 

to believe that the factors contributing to within-day pain increases and pain decreases 

could be different, which is why this was explored in Chapter 3 of the present thesis.  In 

longitudinal studies with up to six waves among an aging population of patients with 

chronic pain, greater financial wealth and physical activity, better sleep quality and self-

reported health were associated with a greater probability of recovery (112), defined as 

transition from severe to moderate pain. From a daily standpoint, there is reason to 

believe that factors integrated in the biopsychosocial model such as rest and sleep, 

circadian rhythms, physical activity and movement, relaxation, distraction, social support 

and above all psychological factors and emotional states such as affect and 

catastrophizing are some of the elements that can influence those pain decreases (113), 

but this had remained unexplored among TMD patients. As noted earlier, results from our 

study reveled that sleep disturbances were associated with a greater likelihood of 

clinically meaningful within-day pain exacerbations, but sleep was not associated with 

within-day pain decreases. A valiant guess would be to assume that sleep disturbances 

may act as a pain amplifier, but greater sleep quality can have a “time lag effect” in a 

chronic pain context, as the relationship between sleep quality and pain may not be 

immediate or linear. While poor sleep may lead to within-day pain exacerbations, better 
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sleep might have delayed or less direct effects on pain decreases. It is possible as well, 

that the study did not capture longer-term effects of improved sleep on pain reduction.  

One notable finding from Chapter 3 was that that day-to-day reductions in pain 

catastrophizing were associated with a greater likelihood of clinically meaningful 

decreases over the course of the next day.  Although  speculative,  catastrophizing could 

have a more immediate and impactful role in daily pain outcomes, perhaps due to 

interoceptive sensitivity (i.e., sense of the physiological condition of the body, such as 

conscious awareness, emotional processes, and behavior related to afferent 

physiological information arising from the body) (114). 

 

5.3 The potential utility of rTMS for improving TMD pain 

Chronic pain is challenging to treat due to its multifaceted nature and not fully 

elucidated mechanisms, which include psychosocial, social, and biological factors that 

are part of the Biopsychosocial Model. This is also the case for TMD. Repetitve 

Transcranial Magnetic Stimulation (rTMS) was originally used in the pain field to predict 

the effectiveness of surgically implanted epidural motor cortex stimulation for treating 

neuropathic pain (56). It was later discovered that rTMS to the motor cortex had its own 

analgesic effects, which could persist beyond the stimulation session and be maintained 

with repeated sessions (115, 116). This led to the exploration of rTMS as a standalone 

therapy for chronic pain. Studies found that rTMS to the primary motor cortex (M1) not 

only influenced the motor cortex but also had effects on distant brain areas, including the 

anterior cingulate, insular cortex, dorsolateral prefrontal cortex (DLPFC), striatum, and 

brainstem (83, 117). This suggests that M1 serves as an "entry gate" into the brain, 
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allowing modulation of activity in connected regions. rTMS also appeared to engage 

changes in neurotransmitter receptors, particularly mu-opioid receptors, which could 

contribute to its analgesic effects (60, 61, 118). For instance, it has been shown that serum 

beta-endorphin levels increased after rTMS (119), that naloxone could block rTMS 

analgesia (120), and that brain opioid receptor occupancy increased after rTMS 

stimulation (121). Glutamate NMDA receptors also played a role in some studies (62), but 

this effect varied between humans and rodents. In addition, the specific effects of rTMS 

on cortical and subcortical structures seem to depend on the orientation of the magnetic 

coil and which fibers in the precentral gyrus were preferentially stimulated (122). 

Posteroanterior coil orientation was found to produce significant analgesic effects, 

possibly by influencing cortico-cortical fibers and their connections to other brain areas 

(122). This orientation could impact emotional and coping behaviors related to 

neuropathic pain via the nucleus accumbens reward circuitry passing through the 

thalamus, contrasting with the effects of preferentially stimulating somatosensory cortex 

components (122).  

In the past, research on rTMS for chronic pain was hindered by small patient 

samples, lack of blinding, and limited follow-up data. However, recent well-conducted 

studies have provided more robust evidence. Influential organizations have suggested 

that rTMS could be a viable treatment option for patients who have exhausted other 

available options for chronic pain disorders such as neuropathic pain (83). As a result, 

rTMS is now recommended as a treatment option for chronic pain patients in various 

disorders and in guidelines across Europe, Latin America, and the USA (83, 123, 124). 

Studies have also helped to optimize rTMS protocols, suggesting that stimulating the 
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primary motor cortex (M1) with specific parameters, such as high pulse frequency and 

coil orientation, is preferred for pain relief. Although the analgesic benefits of rTMS have 

been investigated in chronic orofacial pain conditions, such as burning mouth syndrome, 

atypical neuropathic pain, and trigeminal neuralgia (63, 125-128) its use among patients 

with painful TMD have never been explored. Therefore, this was the aim of  Chapter 4 of 

this thesis. Given the exploratory nature of this objective, we opted for using a single 

session of rTMS, as research has demonstrated that even one session of rTMS can yield 

short-term analgesic effects that persist for approximately 3 to 5 days after the treatment 

(90, 129-131). This approach allowed us to investigate the initial effects of this technique 

in TMD before potentially developing more time-consuming and expensive intervention 

protocols. In addition, it appears that achieving somatotopic effects, which involve 

targeting specific areas in the primary motor cortex (M1), may not be as effective as 

engaging a broader range of brain networks associated with pain relief (130). Hence, we 

chose to apply a high frequency rTMS protocol to the M1 region corresponding to the 

hand instead of the M1 corresponding to the face for different reasons: a) difficulty in 

pinpointing the precise "hot spot" and resting motor thresholds in the facial muscles 

compared to those in the hand muscles; b) the hand's motor representation in M1 has a 

more extensive connectivity pattern with brain structures involved in natural pain 

regulation than the facial representation; and c) the presence of thicker layers of cerebral 

spinal fluid (CSF) in the proximal regions of the M1 representation of the face, which could 

potentially lead to a reduction in the effectiveness of rTMS (63, 130). 
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Using the protocol described above, our results revealed that one session of active 

rTMS can induce significantly greater, yet mild, immediate analgesic effects (i.e., 

reductions in pain intensity and pain unpleasantness) relative to sham stimulation among 

participants with TMD. However, immediate rTMS effects on the latter pain measures and 

other secondary measures such as sleep quality or pain catastrophizing, were not 

sustained during the 7 consecutive days following treatment, at which time pain relief was 

comparable to sham stimulation. There are various possible interpretations for these 

findings, albeit somewhat speculative. One plausible explanation could be the utilization 

of only a single session of rTMS, which might not have been sufficient to induce more 

sustained and enduring effects. Most studies demonstrating consistent and long-lasting 

analgesic effects typically employed a higher number of sessions (83). This is because 

alterations in brain function are believed to evolve gradually over time, often necessitating 

multiple sessions to generate substantial and enduring effects. For instance, in a recent 

randomized multicenter sham-controlled trial, involving 15 sessions over 22 weeks, active 

rTMS was shown to outperform the sham treatment in various pain-related outcomes 

among neuropathic pain patients for nearly 7 months (82). Similarly, a study employing 

10 sessions of rTMS among patients with upper limb fractures observed improved pain 

and functional outcomes three months following the stimulation (Jodoin et al. 2023, 

unpublished)). Nevertheless, employing rTMS protocols with a single session can be 

advantageous for assessing the feasibility and initial impact of this technique on a 

particular condition that has not been extensively investigated, thus providing preliminary 

evidence to justify larger and more resource-intensive randomized controlled trials 

(RCTs).  
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Our findings demonstrated that although active rTMS did lead to immediate pain 

reduction compared to the sham treatment, which came close to the established 20-30% 

threshold for determining clinically significant changes in pain intensity among individuals 

with chronic pain (132, 133), the inclusion of additional treatment sessions could have 

been warranted to fully explore the potential of rTMS in patients with TMD. Another 

possibility is that most of the improvement observed in both treatment groups, especially 

during the following 7 days, is due to the presence of non-specific effects, or those effects 

referring to the impact of the treatment that is not directly related to the active ingredients 

or mechanisms of the treatment itself (134). These effects can be powerful and play a 

significant role in a patient's response to treatment, especially when they involve 

sophisticated equipment (135, 136). The importance of such effects in rTMS, namely 

placebo or expectations, is now well recognized (135, 136), and research has been 

undertaken to account for those effects in controlled studies. For example, using a sham 

condition almost identical to the active one, where participants and operators are blinded 

to the coil being used, is considered to be a valid and reliable method for blinding in this 

context (117). In our study, our results indicated that 60.1% of the participants (25 out of 

41) guessed the order of treatment correctly, hence being considered as an acceptable 

blinding success (137). Blinding is essential to minimize the influence of placebo effects 

and ensure that any observed treatment effects are more likely to be due to the specific 

properties of the treatment rather than participant expectations or biases. Therefore, 

successful blinding helps control for placebo effects to some extent, yet it does not 

eliminate placebo effects entirely. 
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Another important issue to acknowledge is the presence of individuals who are 

natural responders and non-responders to rTMS. In the field of depression, it has been 

estimated that almost 30% of the individuals can be categorized as non-responders 

based mostly on EGG parameters (138). Indeed, different predictors of response have 

been identified in this field (139), and the use of new technologies such as machine 

learning approaches and non-linear processing of extracted components in frontal region 

to have been employed to predict rTMS treatment response in major depressive disorder 

(140). Nonetheless, this is yet to be applied to the field of chronic pain, where intra-

individual or inter-individual predictors of rTMS analgesic effects are not well-known.  

5.4. Clinical implications 

All the chapters of this thesis highlight the need of a multidisciplinary treatment 

approach to manage the complex interplay between sleep and pain, including among 

patients with temporomandibular disorders (TMD). Whereas in some instances 

pharmacological interventions may be considered to address sleep disturbances and 

chronic pain (141), patient education and behavioral interventions such as cognitive-

behavioral therapy (CBT) become central via a multidisciplinary approach to target other 

factors contributing to TMD pain. This includes psychological factors such as negative 

affect and catastrophizing, two psychological factors that have emerged as robust 

predictors of negative pain-related outcomes among patients with TMD. The use of CBT 

interventions for the management of sleep problems can equip patients with valuable 

tools to develop healthier sleep habits, improve coping strategies, and reduce the impact 

of pain on their daily lives. While sleep and pain can be targeted independently with CBT 

interventions, a hybrid approach has been developed and been shown effective in chronic 
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pain populations with insomnia (142, 143), thus becoming a potentially interesting option 

for TMD patients as well. Hybrid cognitive-behavioral therapy (H-CBT) programs for 

individuals with insomnia and chronic pain encompass various components such as 

general sleep and pain education, sleep restriction therapy, stimulus control for sleep and 

pain, sleep hygiene instructions, cognitive therapy specific to sleep and pain, relaxation 

or stress management techniques, and cognition-targeted exercise therapy. These 

comprehensive programs aim to address the cognitive, affective, perceptive, and coping 

skills associated with both sleep disturbances and chronic pain, particularly when mood 

disturbances and hyperarousal mechanisms are present. Research indicates that hybrid 

CBT can effectively help individuals with insomnia and coexisting chronic TMD pain 

manage their symptoms and improve overall well-being (142, 144). 

Chapter 3 of the present thesis suggests that other outcomes than pain intensity 

itself, such as the presence of pain fluctuations, could be assessed and provide valuable 

clinical information in the context of  TMD pain assessment . Longitudinal assessments 

and monitoring of these fluctuations could provide valuable information about disease 

progression, help assess the impact of treatments and interventions on pain relief, and 

could offer insights into the factors that contribute to clinically significant pain 

exacerbations that lead to disruptions in daily life functioning and quality of life (80, 145)  

Finally, chapter 4 highlights the potential use other alternative strategies, namely 

rTMS, for managing TMD. Given its safety, and although more research is needed to 

optimize the parameters before its application, clinicians could consider this non-invasive 

brain stimulation technique as a potential option for patients who have exhausted other 

treatments, or as an add-on treatment to the standard of care. Nonetheless, while one 
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session of rTMS can yield to some immediate analgesic effects, multiple sessions may 

be necessary for more sustained and long-lasting results. By embracing the potential of 

rTMS and further exploring its applications in TMD, clinicians can expand the arsenal of 

available treatments for patients seeking relief from their pain. 

5.5. Thesis Limitations 

A number of limitations need to be considered when interpreting the results of 

these studies. Firstly, for chapters 1 and 2 the conducted reviews were narrative in nature. 

While these reviews allowed to broaden our scope encompassing a wide range of studies, 

synthesize diverse evidence, and explore emerging areas (e.g., rTMS), they are more 

susceptible to subjectivity and bias, and present less rigour and limited replicability in 

comparison to other type of reviews such as systematic reviews. Therefore, some studies 

may have inadvertently be omitted. 

Secondly, for chapters 3 and 4, it needs to be considered that the sample only 

included females, and those were of relatively young age and had relatively mild to 

moderate levels of pain. Although this sample is actually considered to be representative 

of the TMD clinical population (16, 146), the generalizability of these results to men and 

other patients with higher levels of pain needs to be taken with caution. The duration of 

the diary period (i.e., 7 days) could also be viewed as relatively short. For instance, many 

diary studies involve longer (e.g., 14 days) of diary sampling (100), which provides a more 

representative and generalizable assessment of patients' day-to-day sleep patterns, 

psychological function, and pain.  Future studies should consider using a longer diary 

period, especially when examining pain fluctuations, as they might occur less frequently 

in some patients and thus be undetected with short diary assessment periods.  
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Thirdly, the methodology used in Chapter 4 was primarily exploratory by nature, 

but certain methodological issues must be considered for future studies using rTMS 

among TMD patients. For instance, this includes more days of assessment, a higher 

number of rTMS sessions, the use of neuronavigation systems, and a larger sample size. 

However, the presents studies serve as a valuable foundation for future research 

endeavors by generating preliminary insights.  

5.6. Future directions 

As it was already highlighted in Chapter 1 and 2, there is a growing body of 

evidence on sleep and pain disorders such as TMD, but the wide variability in how these 

conditions present and respond to treatment emphasizes the need for a better 

understanding from an interdisciplinary perspective. In this context, personalized 

medicine principles can help identify different subtypes of interactions between sleep and 

pain and different relations to pain catastrophizing and affect. Among the trendiest 

techniques with the higher potential to achieve such understanding is machine learning, 

which have proven to be useful in the analysis of diverse data types within sleep and pain 

disorders (147, 148), and also in predicting responses to rTMS treatments in other 

conditions (140, 149). For instance, in sleep disorders, these algorithms can integrate 

data from polysomnography recordings, actigraphy measurements, sleep diaries, and 

patient-reported outcomes. By extracting these relevant features, such as sleep stages, 

sleep efficiency, and sleep architecture, machine learning algorithms can uncover hidden 

patterns and relationships with other pain variables. This can lead to the identification of 

different phenotypes of sleep disorders, such as insomnia subtypes characterized by 

specific sleep disturbances or circadian rhythm disorders with distinct patterns of sleep-
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wake cycles (141). Similarly, in pain disorders, machine learning algorithms can analyze 

a range of data, including self-reported pain ratings and derivates (e.g., pain fluctuations), 

physiological measures (e.g., heart rate variability, skin conductance, EPM, EEG), and 

neuroimaging data (e.g., functional magnetic resonance imaging) (147). By leveraging 

the power of machine learning, researchers can gain a deeper understanding of the 

heterogeneity within sleep and pain disorders, and this knowledge can inform the 

development of personalized interventions and treatment strategies. For example, 

machine learning can help identify individuals who are more likely to respond favorably 

to a particular sleep therapy or predict the effectiveness of pain management strategies 

based on the individual's pain subtype, stratifying risks and creating personalized 

management strategies (45, 150). 

 Another relevant future direction is the possible use of non-invasive brain 

stimulation to improve both pain and sleep among patients with painful 

temporomandibular disorders by stimulating two different brain areas or performing a dual 

stimulation. There is evidence sowing that rTMS over M1 has improved sleep quality, 

possibly by improving pain symptoms and stimulating sleep-related networks (64). 

However, targeting the left dorsolateral prefrontal cortex with low frequencies appears to 

be more suitable for managing insomnia. This approach helps regulate autonomic 

function, reduce cortical arousal levels, and promote the release of neurotransmitters like 

melatonin, brain-derived neurotrophic factor, and GABA, which are crucial for sleep and 

pain relief (64). High-frequency stimulation protocols targeting the dorsolateral prefrontal 

cortex can also increase serotonin and dopamine release, potentially benefiting 

individuals with sleep deprivation, chronic pain, and depression. Therefore, dual rTMS 
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targeting both M1 and the left dorsolateral prefrontal cortex offers a comprehensive 

approach to address the complex relationship between sleep and pain by regulating 

sympathetic function, improving mood, and enhancing pain inhibition (64). 
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CHAPTER 6. CONCLUSIONS  

The bidirectional relationship between sleep and pain is multifaceted. Research 

indicates that poor sleep quality can have a significant impact on pain outcomes over 

time, with studies showing that individuals who experience inadequate or disrupted sleep 

are more likely to report increased pain intensity and decreased pain tolerance. On the 

other hand, while chronic pain conditions can disrupt sleep patterns, evidence seems to 

be less consistent. As highlighted in reviews from Chapter 1 and 2, there is a host of 

biopsychosocial factors that can contribute to the sleep-pain relationship. This include 

alterations in endogenous pain modulation, increased inflammation, changes in affect and 

mood, and pain catastrophizing. Additionally, various endogenous substances such as 

dopamine, orexin, melatonin, and vitamin D, along with lesser-known mechanisms like 

the cyclic alternating pattern (CAP) during sleep, may play a role in this intricate 

interaction between sleep and pain. 

 

Individuals with TMD also present subjective and objective sleep disturbances. 

Patients with TMD commonly report difficulties with falling asleep, staying asleep, and 

experiencing restorative sleep. These sleep disturbances can manifest as excessive 

daytime sleepiness, fatigue, and mood instability. Identifying sleep disorders such as 

insomnia, sleep apnea, and sleep bruxism in TMD patients via a multidisciplinary 

approach is important for effective management. 

 

Chapter 3 from the present thesis indicated that catastrophizing is a particularly 

important factor that is not only linked to poor sleep, but also to an increased likelihood of 
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experiencing clinically meaningful pain exacerbations among TMD patients.  Day-to-day 

decreases in catastrophizing were linked to an increased likelihood of experiencing 

clinically meaningful decreases in pain over the course of the day. Overall, these findings 

add evidence to the significant contribution of sleep and catastrophizing to TMD pain, and 

provide new insights into the factors that may lead to TMD pain fluctuations in the context 

of patients' day-to-day lives.   

Finally, the use of repetitive transcranial magnetic stimulation (rTMS) has shown 

promise in providing analgesic effects for individuals with TMD-related pain, as a single 

session of active rTMS leaded to significant, albeit mild, reductions in pain intensity and 

pain unpleasantness among these patients. However, when comparing active rTMS to 

sham stimulation over a week-long period and considering improvements from baseline, 

no significant difference in pain reduction was found, suggesting that the analgesic effects 

of a single session may not be sustained in the long term, suggesting that repeated or 

multiple sessions of rTMS may be necessary to achieve more lasting pain relief. 

Importantly, the minor and transient side effects reported by a minority of TMD patients, 

such as headache and fatigue, support the safety and tolerability of rTMS as a therapeutic 

intervention for TMD-related pain.  
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