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ABSTRACT  

Background: Previous studies have demonstrated that insomnia, obstructive sleep apnea (OSA), 

and fatigue are associated with chronic temporomandibular disorders (TMD)-related pain. TMD 

pain is a group of a musculoskeletal condition affecting the muscles of mastication, the 

temporomandibular joints, or both. The International Association for the Study of Pain (IASP) 

defines chronic pain as “persistent or recurrent pain lasting longer than 3-months” and is associated 

with significant dysfunction. 

Objective: This prospective 3-month cohort study aimed to determine whether insomnia, OSA, 

and fatigue are associated with the transition from acute to chronic TMD-related pain as well as 

its’ persistence, when chronic pain is defined by: (i) pain duration (> 3 months), and (ii) 

dysfunction (Graded Chronic Pain Scale (GCPS II-IV).  

Methods: Acute (≤ 3 months) and Chronic (> 3 months) TMD-related pain subjects were recruited 

between 2015 to 2021, through four different sites in Montreal and Ottawa. Subjects received a 

clinical examination and completed questionnaires at baseline and 3-month follow-up. A diagnosis 

was obtained using the Research Diagnostic Criteria or the Diagnostic Criteria for 

Temporomandibular Disorders. At baseline, insomnia, OSA, and fatigue were assessed using the 

Insomnia Severity Scale (ISI), the Epworth Sleepiness Scale (ESS), and the Fatigue Severity Scale 

(FSS), respectively. Subjects completed GCPS form at baseline and 3-month follow-up. 

Results: From 454 subjects recruited 376 completed the follow-up. Borderline associations were 

found between OSA and the transition or persistent risk when chronic pain was defined by pain 

duration (RRadjusted_duration = 1.11, P = 0.07) and dysfunction (RRadjusted_dysfunction =1.40, P = 0.052), 

contrary to insomnia (RRadjusted_duration = 0.94, P = 0.27, RRadjusted_dysfunction =1.00, P = 0.99). The 
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secondary analyses found that OSA was specifically associated with the persistence of TMD-

related pain (RR = 1.13, P = 0.04). Fatigue was not associated with increased risk of transition or 

persistence risk at 3-month follow-up when chronic pain was defined by duration (RRadjusted =1.01, 

P = 0.99). However, when chronic pain was defined as dysfunction, fatigue was associated with 

an increased transition or persistence risk (RRadjusted = 1.72, P = 0.002). Results indicate that fatigue 

and OSA are contributing factors to the transition or persistence of TMD-related pain. These 

results suggest that OSA and fatigue assessment may be considered as part of the comprehensive 

clinical exam for TMD patients, and that their management should be tested to prevent the 

transition and persistence of TMD-related pain. 
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RÉSUMÉ  

Contexte: Des études antérieures ont démontré que l'insomnie, l'apnée obstructive du sommeil 

(AOS) et la fatigue sont associées à des douleurs chroniques liées aux troubles temporo-

mandibulaires (DTM). TMD est un groupe d'affections musculo-squelettiques affectant les 

muscles de la mastication, les articulations temporo-mandibulaires, ou les deux. L'Association 

internationale pour l'étude de la douleur (IASP) définit la douleur chronique comme « une douleur 

persistante ou récurrente d'une durée supérieure à 3 mois » et est associée à un dysfonctionnement 

important. 

Objectif: Cette étude de cohorte prospective de 3 mois visait à déterminer si l'insomnie, l'AOS et 

la fatigue sont associés à la transition d'une douleur aiguë à une douleur chronique liée à l'ATM 

ainsi que sa persistance, lorsque la douleur chronique est définie par : (i) la douleur durée (> 3 

mois) et (ii) dysfonctionnement (échelle de douleur chronique graduée (GCPS II-IV). 

Méthodes: Des sujets souffrant de douleurs aiguës (≤ 3 mois) et chroniques (> 3 mois) liées aux 

ATM ont été recrutés entre 2015 et 2021, dans quatre sites différents à Montréal et à Ottawa. Les 

sujets ont reçu un examen clinique et ont rempli des questionnaires au départ et à 3 mois de suivi. 

Un diagnostic a été obtenu en utilisant les critères de diagnostic de recherche ou les critères de 

diagnostic des troubles temporo-mandibulaires. Au départ, l'insomnie, l'AOS et la fatigue ont été 

évalués à l'aide de l'échelle de gravité de l'insomnie (ISI), de l'échelle de gravité d'Epworth (ESS) 

et de l'échelle de gravité de la fatigue (FSS), respectivement. Les sujets ont rempli le formulaire 

GCPS au départ et au suivi des 3 mois. 

Résultats: Sur 454 sujets recrutés, 376 ont complété le suivi. Des associations limites ont été 

trouvées entre l'AOS et le risque de transition ou persistante lorsque la douleur chronique était 

définie par la durée de la douleur (RRadjusted_duration = 1.11, P = 0.07) et le dysfonctionnement 
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(RRadjusted_dysfunction = 1.40, P = 0.052), contrairement à l'insomnie (RRadjusted_duration = 0.94, 

P = 0.27, RRadjusted_dysfunction = 1.00, P = 0.99). L’analyse secondaire a révélé que l'AOS était 

spécifiquement associée à la persistence (RR = 1.13, P = 0.04). La fatigue n'était pas associée à un 

risque accru de transition ou de persistance au suivi de 3 mois lorsque la douleur chronique était 

définie par la durée (RRajusté = 1.01, P = 0.99). Cependant, lorsque la douleur chronique était 

définie comme un dysfonctionnement, la fatigue était associée à un risque accru de transition ou  

de persistance (RRajusté = 1.72, P = 0.002). Les résultats indiquent que la fatigue et l'AOS 

contribuent à la transition ou à la persistance de la douleur liée aux ATM. Ces résultats suggèrent 

que l'évaluation de l'AOS et de la fatigue peut être envisagée dans le cadre de l'examen clinique 

complet des patients atteints de DTM, et que leur prise en charge doit être testée pour prévenir la 

transition et la persistance de la douleur liée aux DTM. 
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PREFACE  

 

In this thesis work, I have attempted to address essential questions related to the contribution of 

insomnia, obstructive sleep apnea, and fatigue on the transition from acute to chronic TMD-related 

pain, and its persistence. Additionally, I have also demonstrated the application of multiple 

analytical techniques in a prospective control study. This dissertation follows a manuscript-based 

format as outlined by Graduate and Postdoctoral Studies, McGill University. I have organized this 

dissertation into eleven chapters, including introduction, literature review, study aims and 

hypotheses, study originality, methods, two manuscripts focusing on each aim and corresponding 

results, followed by an overall discussion, conclusions and appendix files. All chapters of this 

dissertation are written by me (Sherif Elsaraj, PhD candidate) under the supervision of Dr. Ana 

Velly and Dr. Richard Hovey. The following section outlines the contribution of authors.  
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1 INTRODUCTION 

 

Temporomandibular disorders (TMD) is a collective term used to describe musculoskeletal 

conditions characterized by pain in the muscles of mastication and temporomandibular joint or 

both, and/or associated structures.1 The common signs and symptoms include tenderness in the 

muscles upon palpation, pain within the range of motion, or limitation of the jaw upon opening. 

This is followed by interference with vital functions such as eating, swallowing, and speaking.2  

The prevalence of TMD-related pain ranges between 5% to 12% 3, 4 and the annual incidence 

is 3.9%.5 TMD-related pain is more common among females than males.4 Nevertheless, 

approximately 33% of TMD-related pain patients continue to suffer from moderate to severe levels 

of pain and disability, independent of treatment received.6, 7  

 Many risks were identified to be associated with TMD. Prospective studies put in evidence 

the risk factors of TMD. Oral habits,8-11 psychological factors,8, 12, 13 and trauma8, 14-16 are 

associated with TMDs risk. Previous studies also showed that females have a greater risk of TMD 

than males.17, 18  

 In addition, it has been suggested that pain (e.g., neck pain, back pain, headache, and 

fibromyalgia),19-21 and sleep comorbidities such as obstructive sleep apnea,22, 23 24 fatigue,25-27 and 

insomnia22, 28, 29 are also associated with chronic TMD-related pain. 

 A large number of studies were conducted to investigate factors associated with the 

persistence of chronic TMD-related pain. This is very important since persistent chronic pain is 

common.7, 30-32 In addition to the common TMD symptoms, patients complain about headaches, 

neck pain, back pain, and fibromyalgia. These other pain conditions are referred to as 

comorbidities. Comorbidities are defined as the co-occurrence of two or more medically diagnosed 
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conditions or diseases in the same patient.33 Psychological disorders8, 34-36 and comorbidities8, 9, 20, 

34-37 contribute to the persistence of chronic TMD-related pain as well.  

 Why does TMD-related pain persist if patients are receiving recommended treatment? We 

hypothesize is that it is difficult to manage TMD-related pain when it is present for a long time. 

Thus, by identifying factors associated with acute to chronic painful transition we could identify 

preventive intervention protocols that may prevent this transition. The risk factors implicated in 

the transition are to be determined. The National Institute of Health (NIH) reported “we do not 

fully understand how acute progresses to chronic pain at any level, from molecular to 

behavioral”.38 This is the reason why, in 2015, the Acute to Chronic TMD Transition (ACTION) 

program was initiated by Dr. Ana Velly and her team. The overall aims of this program are to 

determine the risk factors that contribute to the transition from acute to chronic TMD-related pain 

and its persistence. The first ACTION study,  a critical review, found that psychological factors 

were more common in chronic than acute TMD pain patients. However, these factors did not 

increase the transition risk in the multivariable model. Myofascial and baseline pain intensity were 

associated with the transition at a 6-month follow-up.39  The results of this review are summarized 

in section 1.1.8. To our knowledge, none of the previous studies investigated the contributions of 

insomnia, obstructive sleep apnea (OSA), and fatigue to the transition. Therefore, the overall 

objective of this specific ACTION prospective cohort study is to determine if insomnia, OSA, and 

fatigue are associated with the transition as well as its persistence.  

 The following section provides an overview of the definition of acute and chronic TMD-

related pain, epidemiology of TMD, its prevalence and incidence, and potential risk factors under 

investigation.  
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2 LITERATURE REVIEW 

2.1 Acute and Chronic Temporomandibular Disorders-related pain Definition 

We used two criteria to define acute and chronic TMD pain: (i) pain duration of chronic 

TMD-related pain is in accordance with the International Association for the Study of Pain (IASP) 

which defines chronic pain as pain lasting for more than 3 months,40, 41 and (ii) dysfunction defined 

as grades II, III and IV with any disability points on the Graded Chronic Pain Scale (GCPS).42  

2.2 Graded Chronic Pain Scale 

The Graded Chronic Pain Scale (GCPS) is an instrument used to assess overall chronic 

pain severity based on the level of pain intensity and pain-related disability. The GCPS grades are 

low-intensity pain, no disability (Grade I); high-intensity pain, without pain-related disability 

(Grade IIa); (iii) high-intensity pain, with low pain-related disability (Grade IIb), moderately 

limiting (Grade III), and severely limiting (Grade IV).  

Table 1. Graded Chronic Pain Scale42, 43 

Graded Chronic Pain Grade Pain Intensity (0-100) * Disability Level (Points)$ 

Normal Grade 0 None None 

Low intensity pain Grade I Low (<50) 0 points 

No disability and High 

pain intensity 

Grade IIa High (≥50) 0 points 

Low disability and High 

pain intensity 

Grade 

IIb 

High (≥50) Low (<3 points) 

Moderate disability Grade III Low or high Moderate limiting (3-4 points) 

High disability Grade IV Low or high Severely limiting (5-6 points) 

* Pain intensity (0-10) = mean (pain now, worst pain, average pain) x 10 

$ Disability level (0-6 points) = disability days (0-3 points) + disability score (0-3 points) 
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The scoring is based on the subject’s responses to several items: 1) current; 2) worst; and 3) 

average pain intensity (0–10 numeric scales); 4) pain-related disability days, and pain-related 

interference with daily activities; work; and social or family activities (0–10 numeric). 

Characteristic pain intensity (CPI) measured by the GCPS is the average of 0–10 ratings of current, 

worst and average pain in the prior 3 months multiplied by 10. The disability score is the average 

of 3, 0–10 interference ratings: daily activities, work, and social or family activities multiplied by 

10 prior 3 months. The following table describes the disability points score.  

 

Table 2. Description of Disability Points Score30, 42 

Disability Days 

(0-180) 

Points Disability Score 

(0-100) 

Points 

0-6 days 0 points 0-29 0 points 

7-14 days 1 point 30-49 1 point 

15-30 days 2 points 50-69 2 points 

31+ days 3 points 70+ 3 points 

Note: Disability score (0-100) = Mean (daily activities, social activities, work activities) x 10. 

 

 

2.3 Epidemiology of Temporomandibular Disorders 

2.3.1 Prevalence of Chronic Temporomandibular Disorders-related Pain 

 Table 3 shows the point and period prevalence estimates of TMD-related pain. Prevalence 

is defined as the frequency of an existing condition in a given population at a certain time or 

period.44 Point prevalence, period prevalence, and lifetime prevalence are three different types of 

prevalence. Point prevalence is the proportion of the study population that has the event or 

condition at a specific point in time.44 Period prevalence indicates the proportion of individuals 
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that has a disease during a defined period of time.44, 45 Lifetime prevalence is the proportion of 

people that has experienced the disease during an individual’s past up to the present time.44, 45 

 A survey conducted among 1,016 participants recruited from the Health Maintenance 

Organization in Seattle, US, with an 80.3% participation rate estimated that the 6-month period 

prevalence of facial pain was 12%, and the lifetime prevalence was 34% within the age group of 

70 years and more.4 

In Toronto, using digit dialing, the point prevalence estimated of temporomandibular joint 

pain (TMJ) during jaw function or while at rest among 1,002 adults 18 years and older was 12.9%. 

The participation rate was (67.7%, n = 677).46  

 A telephone survey of a representative sample of the French-speaking population of Quebec 

done by Goulet et al. revealed that one-third of the 897 participants aged 18 years and over reported 

pain either in the jaw joints and/or muscles of mastication.47 Results revealed that more than two-

thirds (69%) of the participants reported moderate to severe and 7% of the respondents reported 

frequent episodes of pain, and the point prevalence was 5%.  

 Another survey in the US estimated a 3-month period prevalence of 5% among  30,978 

contributors (17,498 females and 13,480 males), aged 18 years or older.3 

 Another survey in the US, among 19,586 women participants estimated a 6-month period 

prevalence of myofascial TMD pain was 10.5%.  TMD was assessed by asking the participants 

questions: “Other than a toothache or sinus pain, did you have pain in your face, in the front of 

your ear or jaw, more than one time, in the last 6 months?” If “yes”, then: “Was that pain caused 

only by a headache?”, “Did you ever have these pains over a period of at least 2 weeks, even if 

you were not in pain constantly?”. The participation rate was 60%. Interestingly, this prevalence 

was similar to that assessed among 782 women (10.5%) who were examined using RDC/TMD.48 
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Table 3. Prevalence of Temporomandibular Disorders-related pain  

Authors, 
Year 

Study 

Design 
Gender Age 

Sample 
Size 

Participation 
rate 

Prevalence 
(%) 

Condition Assessment 

Von Korff 
et al., 1988 

Survey 

6-
months 

M & F ≥ 18 1,016 80% 12 Facial Pain 

Mailed 
questionnaire 

(SCL-R90) 
followed by a 

telephone 
interview 

Locker et 
al., 1988 

Survey 

4-
months 

M & F ≥ 18 677 68% 12.9 

Painful 
TMD (rest 

and 
movemen

t)  

Telephone 
Survey, 

questionnaire 

Goulet et 
al., 1995 

Survey 

5 days 
M & F ≥ 18 897 64% 5 

Painful 
TMD 

Telephone 
Survey, 

questionnaire 

Schmitter 
et al., 2007 

Survey F 
18 – 
65 

171 95% 9.93 
Painful 
TMD 

Questionnaire / 
RDC/TMD 

Clinical        
Examination 

Isong et al., 
2008 

Survey 

3-
months 

M & F ≥ 18 30,987 Not provided 4.6 
Painful 
TMD 

TMJMD-Type 
pain 

questionnaire 

Janal et al., 
2008 

Survey 

6-
months 

F 
18 – 
75 

782 60% 10.5 
Painful 
TMD 

Telephone 
Survey/ 

RDC/TMD 

Clinical 
Examination 

Gillborg et 
al., 2017 

Survey 

6-
months 

M & F 
20 – 
89 

6,300 63% 11.0 
Painful 
TMD 

Mailed 58 
questions 

Questionnaire 
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Another cross-sectional study surveyed 6,123 individuals (3480 women (57%) and 2643 

men (43%) (response rate 63%) aged 20 to 89 years. Out of the 58 questions used, two questions 

were intended to identify TMD pain: “Do you have pain in your face, jaw, temple, in front of the 

ear, or in your ear once a week or more often?”, and “Do you have pain when you open your mouth 

or when you chew once a week or more often?”. This study used RDC/TMD to assess for signs 

and symptoms of TMD and found that the prevalence of self-reported TMD pain was 11.0%.49 

It is a common belief that the age distribution of TMD patients is characterized with a 

Gaussian curve with a peak prevalence between 35 and 45 years and a decrease in younger and 

older people. Manfredini et al., however, identified two distinct age peaks for the prevalence of 

TMD-related pain patients, one at 30-35 years and another at about 50-55 years50 among 243 

participants between the age range of 18-80, seeking TMD treatment at the TMD clinic. All 

participants underwent an RDC/TMD assessment where a TMD diagnosis was obtained. The 30-

50 years peak represented participants showing disc displacement in the absence of degenerative 

disorders (muscle disorders and/or arthralgia) and the 50-55 years peak was presented by people 

with signs and symptoms of inflammatory-degenerative joint disorders (osteoarthritis and/or 

osteoarthrosis). The former comprised 107 participants (20 males, 18.7%; 87 females, 81.3%) with 

a mean age of 32.7±14.5 years. The latter comprised 46 participants (4 males, 87%; 42 females, 

91.3%) with a mean age of 54.2±15.1 years. The mean age of all patients was 39.7±17.1 years 

(range 18-80). Therefore, the prevalence of TMD may change depending on the age and gender 

distribution of the population.  

These studies provide evidence that TMD-related pain is common with the prevalence 

ranging from 5 to 12.9%. Furthermore, it is more common among females than males. 
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2.3.2 Incidence of Temporomandibular Disorders-related pain 

Incidence is defined as the proportion or rate of new disease or condition which occurs in a 

population during a specific period.51 Table 4 shows studies assessing the incidence of TMD-

related pain in different populations. Incidence is measured in two ways: cumulative incidence and 

incidence rate or density. The cumulative or annual incidence is the proportion of new cases in a 

population that is initially free of disease who developed the disease in a given time interval.52 The 

incidence rate is the number of new cases per total number of person-years at risk.51 

A cohort study of 1,016 individuals aged between 18 and 65 years (participation rate 80.3%) 

from the Maintenance Organization found that an incidence of TMD-related pain was about 6.5% 

three years cumulative incidence. The participants were asked whether the pain has been present 

in the past 6 months.  In this study, the incidence of TMD was higher in females than in males 

(7.7% vs. 4.8).53 In this study, the dropout rate was only 15%.   

In Okayama, Japan, a cohort study among 672 participants (304 males and 368 females) with 

a mean age of 49.7 years, the cumulative incidence of TMD-related pain was 6.1% during a 4-year 

follow-up. 367 (40% dropout rate) completed the subsequent questionnaire.54 

Swedish adolescents from public dental services clinics were included in a cohort study by 

Nilsson et al. with the aim to estimate the incidence of TMD-related pain by age and gender and 

to describe the temporal patterns of TMD-related pain. These two questions were asked to the 

study participants at annual follow-up: “Do you have pain in your temples, face, 

temporomandibular joint, or jaws once a week or more?” and “Do you have pain when you open 

your mouth wide or chew once a week or more?” The eligible patients (n = 2255) who completed 

regular annual check-ups for four years and with 12–19 years age range were included in the study. 
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The results showed an annual incidence rate of 2.9% among the participants. However, the girls 

(4.5%) had a higher annual incidence of TMD-related pain than boys (1.3%).55 

  Another cohort study in the US among 2,737 US residents aged 18 to 44 years (16% 

dropout rate) found that the annual incidence of TMD-related pain was approximately 4%. The 

incidence among younger participants aged 18 to 24 was 2.5%, and among middle-aged 

participants, 35 to 44 years was 4.5%. Interestingly, females had only slightly higher incidence 

than males (3.6 vs. 2.8).5 

Table 4. Incidence of Temporomandibular Disorders-related pain 

Authors, 
Year 

Study 
Design 

Gender Age 
Sample 

Size 
Dropout 

rate 
Condition 

Incidence 
(%) 

Assessment 

Von Korff et 

al.,1993 
Cohort M & F 18+ 1,016 15% 

Painful 

TMD 
6.5 Questionnaire 

Kamisaka et 

al.,2000 
Cohort M & F 20+ 171 40% 

Painful 

TMD 
6.1 Questionnaire 

Nilsson et 

al., 2007 
Cohort M & F 12-19 2,255 10% 

Painful 

TMD 
2.9 

Clinical 

Examination/ 

Questionnaire 

Slade et al., 

2013 
Cohort M & F 18-44 2,737 16% 

Painful 

TMD 
3.9 

Clinical 

Examination 

(RDC/TMD) 

 

2.4 Classification and Diagnosis of Temporomandibular Disorders 

 Several classification systems of Temporomandibular Disorders (TMD), such as Helkimo’s 

Index, Craniomandibular Index (CMI), Research Diagnostic Criteria (RDC/TMD), and Diagnostic 

Criteria for Temporomandibular Disorders (DC/TMD) have been established for the diagnosis of 



25 

TMD. The RDC/TMD is the most recent validated diagnostic protocol used for TMD research.56 

This system consists of two axes: (i) Axis I, physical assessment to provide a physical diagnosis57 

and (ii) Axis II, psychological assessment and pain-related disability to identify characteristics that 

could affect pain management (e.g., depression, pain intensity).58 

Axis I includes three subgroups: Groups I, II, and III representing muscle disorders, disc 

displacements and joint diseases, respectively.56, 57 Group I, muscle disorders, is divided into two 

groups: 1) myofascial pain refers to pain in the muscles of mastication or on palpation in minimally 

three places, one of which aligns with the reported pain; and 2) myofascial pain with limited mouth 

opening refers to pain in the jaw area and/or muscles of mastication that limits jaw function, such 

as the pain-free unassisted opening of less than 40 mm. Group II represents disc displacements 

and is classified into three groups: 1) disc displacement with reduction, the temporomandibular 

joint is pain-free, emitting a clicking noise on vertical activity (opening or closing), but not on 

thrusting or forward motion; 2) disc displacement without reduction with a limited opening is also 

pain-free up to a degree of ≤ 35mm during unassisted opening and the articular disc produces no 

detectable sound during function, and 3) disc displacement without reduction without limited 

opening, pain only occurring once the mouth, has reached a width of 35mm or more during 

unassisted opening. Group III represents joint disorders categorized into three groups: 1) arthralgia 

(pain in the joints without crepitus); 2) osteoarthritis which constitutes pain and crepitus in the 

joint; and 3) osteoarthrosis characterized by pain-free with crepitus. More details about the 

RDC/TMD protocol are described elsewhere.56-58 

 For the DC/TMD, Axis I includes: 1) muscle pain diagnosis which is categorized into four 

major subclasses: myalgia (local myalgia, myofascial pain and myofascial pain with referral); 2) 

TMJ disorders; 3) headache attributed to TMD; and 4) intra-articular TMD.59 I) Muscle disorders 

are divided into four subtypes: myalgia, tendonitis, myositis, and spasm. Myalgia includes three 
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subcategories: local myalgia, myofascial pain, and myofascial pain with referral. II) TMJ disorders 

include arthralgia, disc displacement with reduction, disc displacement with reduction with 

intermediate locking, disc displacement without reduction with a limited opening, disc 

displacement without reduction without limited opening, osteoarthritis, osteoarthrosis, luxation, 

and subluxation. III) Headache includes headache attributed to TMD. Physical diagnosis (Axis I) 

is divided into pain diagnosis (muscle pain diagnosis, arthralgia, headache attributed to TMD) and 

joint diagnosis (disc displacement, degenerative joint disease, and subluxation). Whereas 

psychological status (Axis II) is divided into distress and pain disability aimed to evaluating pain 

behavior, psychological status, and psychosocial functioning.59 

 In a validation RDC study, which included 705 participants (614 TMD cases and 91 

controls)60, the target sensitivity and specificity (≥ 0.70 and ≥ 0.95, respectively) were not observed 

in any of the eight RDC/TMD diagnoses. Myofascial pain and myofascial pain with limited 

opening had high validity.60 Since the sensitivity and specificity targets of the original RDC/TMD 

were not obtained, an attempt was made modifying the original RDC/TMD. Compared to the 

revised RDC/TMD, the sensitivity and specificity improved overall, especially for myofascial pain 

and myofascial pain with limited opening, sensitivity and specificity (0.75 and 0.97, respectively), 

and without limitations, sensitivity and specificity (0.83 and 0.99, respectively).61 

 

2.5 Risk factors of chronic Temporomandibular Disorders-related pain 

 Prospective studies put in evidence the risk factors of TMD. Oral habits,8-10 psychological 

factors,8, 12, 13 and trauma8, 14-16 are associated with TMDs risk. In addition, it has been suggested 

that pain (e.g., neck pain, back pain, headache, and fibromyalgia),19-21 and sleep comorbidities 
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such as obstructive sleep apnea,22, 23 24 fatigue,25-27 and insomnia22, 28, 29 are also associated with 

chronic TMD-related pain. 

   

2.6 Difference between acute and chronic Temporomandibular Disorders-related pain 

 Gatchel62 et al. conducted a case-control study enrolling 51 acute and 50 chronic TMD pain 

patients referred by dentists and oral surgeons in the Dallas-Fort Worth area to the Division of 

Psychology at the University of Texas Medical Center. Diagnosis was based on Laskin’s criteria, 

and chronic TMD pain was defined as pain that persists for equal or more than 6 months. In two 

cross-sectional studies,63, 64 chronic TMD pain was defined as pain that persists for 3 months or 

more. In Cao et al. 65 cross-sectional study, chronic TMD pain was defined as pain that persists for 

more than 3 months. TMD diagnosis was TMD diagnosis was based on RDC/TMD or Diagnostic 

Criteria.  The samples in Reiter et al.63 Nguyen et al.64 and Cao et al.65  studies consisted of 188 

TMD patients from Tel Aviv University, 198 patients from the Dental Hospital of Chulalongkorn 

University, and 112 TMD pain patients from the Center for TMDs and Orofacial Pain, Peking 

University School and Hospital of Stomatology, respectively.  

 

2.6.1 Demographics 

 No statistically significant differences were found on the mean age 62-65, race62, education62, 

and social class62,63 distributions between the acute and the chronic TMD-related pain groups. 

Gatchel et al.62 and Nguyen et al.64 did not provide the P-values or 95% confidence intervals 

(95%CI), and Reiter et al.63 did not show numerical values (count, percentage, or mean), only the 

P-values: Psex = 0.28, Page = .28, Pemployment status = .28, Pmarital status = .66, Pincome = .28, Peducation = 

.97, and Pmissing work days = .73.  While Cao et al.65 demonstrated that relative to males, females had 
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higher odds of chronic than acute TMD-related pain (Odds ratio [OR] = 3.39, 95% Confidence 

Interval [CI] = 1.15-9.90), most studies did not find a significant sex difference between groups.62-

64 

2.6.2 Psychological factors 

 Three studies found higher levels of depression and somatoform disorders among chronic 

TMD pain groups when compared to the acute group. Significant differences in depression were 

found in all three studies.62, 63, 65 Gatchel et al.62, and Reiter et al.63 found that somatoform disorders 

were significantly different between groups.  Cao et al.65 found stress significantly more common 

among the chronic than the acute group. 

 There were conflicting results assessing the distribution of anxiety found in three studies. 

Gatchel et al.62 study found that chronic TMD-related pain patients presented significantly lower 

rates of lifetime and current anxiety disorders than acute. Most of the Diagnostic and Statistical 

Manual of Mental Disorders Revised Third Edition (DSM-III-R) Axis II personality disorders 

prevalence estimates were lower among acute TMD-related pain patients when compared to 

chronic, but no statistically significant differences were found between groups.62  The evidence of 

nondifference between groups is limited to a single study with small sample size, making the 

conclusions weak. It is peculiar that paranoia was found in 16% and 18% of acute and chronic 

TMD-related pain patients, respectively. It is possible that this finding was caused by selection 

bias since the patients were referred to the Division of Psychology at the University of Texas 

Medical Center.62 Reiter et al.63 and Cao et al.65 found no statistically significant difference 

between groups.  
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2.6.3 Temporomandibular Disorders diagnosis, pain intensity, Graded Chronic Pain Scale, and 

comorbidities 

 Reiter et al.63 found statistically significant differences in the frequency of myofascial pain 

without limited opening (P = 0.008), myofascial pain with limited opening (P = 0.02) and 

arthralgia (P = 0.02) between acute and chronic TMD-related pain groups, a borderline difference 

on the disability score (P = 0.07), and a statistically non-significant difference on Graded Chronic 

Pain Scale (GCPS P = 0.88), and disability days (P = 0.83). Reiter et al. did not provide the results 

(number and percentage) of each group.63 Nguyen et al.64 demonstrated that myalgia was the most 

common diagnosis for both groups, and arthralgia was more common in the acute group, even 

though this difference was not statistically significant.  

 Cao et al. 65 found that chronic TMD-related pain patients had higher levels of sleep 

impairment mostly due to the use of sleep medication. Nguyen et al.64 found that coexisting pain 

beyond orofacial areas (e.g. facial pain, neck, abdomen) was more common among patients with 

chronic TMD-related pain participants presented comorbidities (e.g. fibromyalgia, chronic fatigue 

syndrome). 

 

2.7 Risk factors associated with the transition from acute to chronic Temporomandibular 

Disorders-related pain 

 Three 6-month cohort studies were conducted by Garofalo et al.67, and Epker et al.68,69 to 

identify predictors for the transition from acute to chronic TMD-related pain. The methodologies 

of these studies67-69 were similar. TMD-related pain patients were referred by general dentists or 

oral and maxillofacial surgeons to the TMD Clinical Treatment Program at the University of Texas 

Southwestern Medical Center in Dallas. Newspaper or university campus flyers also advertised 
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the study to recruit potential patients. Acute TMD-related pain patients were eligible if they had 

never looked for treatment or they had sought treatment for TMD within six months of the first 

visit evaluation. The authors justified that their criteria for defining acute TMD-related pain were 

aimed at decreasing the chance of recall bias since recalling when pain begins is very difficult, and 

patients tend to look for treatment when the pain reaches a clinically significant level. Patients 

were diagnosed as per the RDC/TMD protocol.56 A telephone interview was conducted at 3- and 

6-month follow-ups using the Graded Chronic Pain Scale (GCPS) questionnaire42 to assess the 

transition from acute to chronic TMD-related pain, defined by a CPI score greater or equal to 15 

at 6 months of follow-up.  

 In the Garofalo et al. study,67 out of 164 acute TMD pain cohorts recruited at baseline, 153 

(93.3%) completed the 6-month follow-up, and 87 (56.9%) developed chronic TMD pain. In the 

first Epker et al. study,68 from 204 acute cohorts, 175 (85.8%) completed the follow-up, and 144 

(82.3%) developed chronic TMD.  It is possible that the Epker cohort included patients from the 

Garofalo cohort.  

 The Garofalo et al.67 and Epker et al.68 prospective 6-months cohort studies revealed that 

only CPI and myofascial pain (Axis I Group I disorder) at baseline were associated with the 

transition risk. Epker et al.68 found a negative association between CPI and transition (β = - 0.06, 

P < .001) on the logistic regression analyses, in contrast to Garofalo et al. (β = 0.03, P = .003).67 

Both authors concluded that the CPI score at baseline was positively associated with acute to 

chronic TMD pain transition risk. In addition, a borderline association was found with GCPS III 

or IV by Garofalo et al. (1998).67 The association between myofascial pain and the transition risk 

appears to be modified by sex (βinteraction factor between Group I and sex = 1.22, P = .09). Psychological 

factors and age were not associated with this transition.67, 68 
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 Epker and Gatchel’s studies69 performed a secondary analysis among 115 acute TMD 

patients to investigate coping profiles as predictors in the transition from acute to chronic TMD. 

Using the Multidimensional Pain Inventory (MPI) instrument, patients were classified as: 

dysfunctional (greater severity of pain, higher levels of affective distress, lower levels of activity, 

and greater pain interferences), interpersonally distressed (lacking support from significant others), 

and adaptive copers (less severe pain, lower levels of pain-related interference and interpersonal 

distress). Of the acute TMD patients, 83% with dysfunctional and interpersonally distressed 

profiles and 48.4% with adaptive coper profiles developed chronic TMD (P < 0.001). 

  In conclusion, to date, prospective cohort studies have found that pain intensity and 

myofascial pain contribute to the transition from acute to chronic TMD pain. Moreover, the 

association between myofascial pain and transition risk appears to be modified by sex. Lastly, 

individuals with dysfunctional and interpersonally distressed and adaptive coping profiles 

developed chronic TMD.  

 

2.7.1 Introducing potential risk factors under investigation 

To our knowledge, no study assessed if insomnia, OSA, and fatigue are associated with the 

transition from acute to chronic TMD risk. This section will introduce insomnia, OSA and fatigue 

and discuss their association with pain.  

2.7.2 Insomnia 

Insomnia is another sleep disorder and is defined as a complaint of prolonged sleep latency, 

difficulties in maintaining sleep, or the experience of non-refreshing or poor sleep, which have to 

be associated with impairments in daytime functioning such as lack of concentration, dysphoria, 

and other symptoms.70-72 Its prevalence in the general population ranges from 9% for persistent 
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sleep disturbances to 27% for occasional insomnia.73, 74 Insomnia is a patient reported problem 

characterized by difficulty falling asleep or difficulty maintaining sleep (i.e. frequent awakening 

too early with inability to return to sleep).72 Individuals with insomnia are reliably distinguished 

from good sleepers by self-reported sleep symptoms such as sleep latency or time to fall asleep or 

wakefulness after sleep onset of longer than 30 minutes.75 Objective sleep measures derived from 

polysomnography show more overlap between individuals with insomnia and good sleepers, 

making these methods less sensitive and specific than self-reports for identifying insomnia.76 

Although polysomnography is the “gold standard” for assessing sleep disorders such as sleep 

apnea, it is not recommended for routine use in the clinical assessment of insomnia.77 The Insomnia 

Severity Index (ISI) is a reliable validated instrument, with 94% sensitivity and 94% specificity, 

used as a screening tool to quantify perceived insomnia severity in young and older patients.78  

Smith et al. estimated the prevalence of insomnia in the TMD population is 36%.29  Ohayon 

M. et al. assessed how age and daytime activities are related to insomnia in the general population. 

Their representative samples of three general populations (n=13057) consisted of the United 

Kingdom (n=4972), Germany (n=4115), and Italy n=(3970).79 A clinical questionnaire on 

insomnia was administered. Results found that insomnia symptoms were reported by more than 

one-third of the population aged 65 and older. Multivariate models showed that age was not a 

predictive factor of insomnia symptoms when controlling for activity status and social life 

satisfaction. The authors concluded that the aging process is not responsible for the increase in 

insomnia often reported in older groups. Instead, inactivity, dissatisfaction with social life, and the 

presence of organic disease and mental disorders were the best predictors of insomnia. Ohayon M. 

et al. investigated the prevalence of insomnia using the International Classification of Sleep 

Disorders (ICSD) and the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) 

classification systems. 80 This cross-sectional study involved 25,579 individuals aged 15 years and 
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over representative of the general population of France, the United Kingdom, Germany, Italy, 

Portugal, Spain, and Finland. The participants were interviewed on sleep habits and disorders 

managed by the Sleep-EVAL expert system using DSM-IV and ICSD classifications.80 The 

prevalence of insomnia was 8.6% (95% CI: 8.1-9.1) in women and 4.6% (95% CI: 4.2-5.0) in men; 

total insomnia prevalence in this group was 6.6%  (95% CI: 6.3-6.9). The prevalence of insomnia 

is 34.5% (95% CI: 33.7-34.8), and it is higher among individuals who are 65 years of age or older 

(47.7%, 95% CI: 46.3-49.1).80 

  

2.7.3 Obstructive sleep apnea 

Obstructive sleep apnea (OSA) is associated with chronic TMD-related pain. A recent 

prospective cohort study found an increased risk of chronic TMD among individuals who had 

symptoms of OSA.23 The prevalence of OSA is between 3-14% in the adult population. 81,82 Smith 

et al. estimated that the prevalence of OSA in the TMD population is 28.4%.29 Sleep apnea affects 

2-14% in the community-screened normal population but has a much higher prevalence in certain 

patient subgroups. The prevalence increases with age, especially in people over 60 years old and 

with obesity. A recent study by Tentindo G. et al. found a prevalence of 58.2% in a hospital-based 

population (mean age 59.2±13.6) based on a self-reported sleep apnea (STOP-BANG) screening 

questionnaire.83 The prevalence estimates of moderate to severe sleep-disordered breathing 

(apnea-hypopnea index, measured as events/hr, ≥15) are 10% (95% Confidence Interval (CI): 7, 

12) among 30-49 year-old men; 17% (95% CI: 15, 21) among 50-70 year-old men; 3% (95% CI: 

2, 4) among 30-49 year-old women; and 9% (95% CI: 7, 11) among 50-70 year-old women. 

Lavigne and Montplaisir demonstrated the influence age on OSA prevalence estimates. 84 This is 

further supported by Bixler et al. who also found that the prevalence of sleep apnea increases with 
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age (65-100 years of age, n=75 30.5%; 95% CI: 21.2,41.7). Sleep apnea increases with age for 

men (40-49 years of age) and for women (50-60 years of age).85, 86 Heinzer R. et al., using sleep 

study tests (polysomnography), found that the prevalence of moderate-to-severe sleep-disordered 

breathing (≥15 events per h) was 23.4% (95% CI 20.9–26.0) in women and 49.7% (46.6–52.8) in 

men; higher than those obtained by Peppard P. et al. 2013.87  

Cunali PA et al. found that 52% of OSA patients presented with TMD pain.24 This study 

population consisted of OSA patients referred for an oral appliance therapy and TMD diagnosis 

was obtained using the RDC/TMD. The latest prevalence estimates by Alessandri-Bonetti A et al. 

among 41 patients with OSA found 21 (51%) presented signs and/or symptoms of TMD compared 

to 13 (32%) from the untreated OSA control group.  These patients were prospectively recruited 

from the Department of Otorhinolaryngology at the A. Gemelli Hospital in Italy, and the TMD 

diagnosis was obtained using the DC/TMD protocol.88  

An apnea is defined as the complete cessation of airflow for at least 10 seconds. There are 

three types of apneas: obstructive, central and mixed. In obstructive sleep apnea, respiratory effort 

is maintained but ventilation decreases or disappears because of partial or total occlusion in the 

upper airway. Central sleep apnea is defined as reduced respiratory effort resulting in reduced or 

absent ventilation. Mixed apnea is often characterized by starting with central apnea and ending 

with obstructive events. Obstructive sleep apnea is a condition characterized by repetitive 

obstruction of the upper airway often resulting in oxygen desaturation and arousals from sleep. 

The classic daytime manifestation is excessive sleepiness but other symptoms such as unrefreshing 

sleep, poor concentration and fatigue are commonly reported.89, 90 It is crucial to screen patients 

for OSA since it has been linked to numerous diseases including hypertension, coronary artery 

disease, stroke, atrial fibrillation, increased motor vehicle accidents, congestive heart failure, 

daytime sleepiness, decreased quality of life, and increased mortality.23, 91, 92 
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Comprehensive sleep evaluation for the likelihood of having OSA can be accomplished 

using the validated Epworth Sleepiness Scale (ESS) (93.5% sensitivity and 100% specificity).93 

ESS has been used to screen daytime sleepiness for those at high risk for OSA. This instrument is 

widely used in sleep clinics to screen for suspected OSA patients prior to authorizing a 

polysomnography study. 

 

2.7.4 Fatigue 

Fatigue is a subjective experience with symptoms including a persisting lack of energy, 

exhaustion, physical and mental tiredness, and apathy.25 The prevalence of fatigue varies from 

0.2% to 6.41%.94 Fatigue prevalence is considerably higher among subjects with TMD-related 

pain (14-43%).25, 27, 95 Dahan et al. 95 found that fatigue was positively associated with chronic 

TMD-related pain intensity and duration.   

Chen et al. diagnosed 159 TMD pain patients using a modified version of the RDC/TMD 

criteria from an orofacial pain clinic and found that 10% reported  chronic fatigue syndrome.26 

Hoffmann et al. surveyed 1,511 TMD pain patients and found that 42-43% reported having chronic 

fatigue syndrome after onset of TMD pain.27 Dahan et al. in a cross-sectional study assessing 

fatigue found 14.4% of chronic fatigue syndrome patients present in their chronic TMD pain 

population.96 Fatigue was assessed using the validated Fatigue Severity Scale (FSS) which has 

90% sensitivity and 93% specificity.97 
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3 AIMS AND HYPOTHESES 

The current prospective cohort study is part of the Acute to Chronic TMD Transition 

(ACTION) program, with an overall goal to identify the risk factors implicated in the transition 

from acute to chronic TMD-related pain and its persistence. The aim of the current study was to 

assess whether insomnia, OSA, and fatigue are associated with the transition from acute to chronic 

TMD-related pain risk as well as with its persistence at a 3-month follow-up. Thus, the specific 

aims are as followed: 

Aim 3.3.1. To determine if insomnia, OSA, and fatigue are associated with the transition or 

persistence risk when chronic TMD-related pain is defined as recurrent or persistent pain for more 

than 3 months. 

Aim 3.3.2. To determine the contribution of insomnia, OSA and fatigue on the transition or 

persistence risk when chronic TMD-related pain is defined by dysfunction as classified by GCPS 

(Graded Chronic Pain Scale Grades II-IV).42 

The rationale to define chronic pain based on pain duration and dysfunction is described 

below. First, the International Association for the Study of Pain (IASP) defines chronic pain as 

recurrent or persistent pain lasting for more than 3 months.40, 41 Second, IASP states that chronic 

pain is associated with significant disability.41 Therefore, chronic TMD-related pain was defined 

as a dysfunction state consisting of clinically significant pain and disability.42  

The study hypotheses are that insomnia, OSA, and fatigue increase the risk of a transition 

from acute to chronic TMD-related pain as well as its persistence when chronic TMD-related pain 

is defined by duration of pain or by dysfunction. To date, we are not aware of any study 

investigating the contribution of insomnia, OSA, and fatigue on transition from acute to chronic 

TMD-related pain as well as its persistence. 
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4 STUDY ORIGINALITY 

When an acute TMD-related pain becomes chronic, it often results in disability, absenteeism, 

and significantly higher care cost. Approximately half to two-thirds of TMD patients seek 

professional care from dentists or physicians, and at least one-third of these patients continue to 

suffer from moderate to severe levels of pain, disability, and psychological distress independent 

of the treatment received. There are few longitudinal studies directed towards elucidating the risk 

factors and corresponding mechanisms that lead to the transition from acute to chronic TMD-

related pain. Because of this lack of understanding, the National Institute of Health has assigned 

the highest research priority to examine the transition from acute to chronic pain. This study 

determined the effect of insomnia, OSA, and fatigue on the transition from acute to chronic TMD 

pain and its persistence. Consequently, critical information for predicting the transition from acute 

to chronic TMD pain and its persistency will be provided. This new knowledge will allow us to 

develop evidence-based treatment strategies for the prevention of chronic TMD pain and to further 

improve TMD management. The development of the scientific foundation for personalized care 

by recognizing contributing factors to transition or persistent chronic pain will decrease treatment 

failure and prolonged chronic pain that harms the quality of life of patients. 

The following session Chapter 5 describes in detail the methodology used in Manuscripts I 

and II. This section includes study design and study population, data collection, study outcomes, 

assessment of potential risk factors (OSA, insomnia, fatigue), potential confounders and effect 

modifiers, study feasibility, statistical analyses and discuss ethical and privacy considerations. We 

combined them for easy and simple flow to the reader in order to avoid redundancy.  
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5 METHODS 

5.1 Study Design and Study Population  

In order to address the study aims, we conducted a prospective cohort study that followed 

acute and chronic TMD pain participants enrolled in the ACTION program, for 3 months. This 

program was approved by the McGill Institutional Review Board in Montreal, Canada (approval 

number: A12-M113-14A) and by the DOCS dental Group in Ottawa, Ontario (approval number: 

240-400). 

Eligible subjects with acute or chronic TMD-related pain were recruited between August 

2015 and March 2021 from four different sites: the Jewish General Hospital (JGH) general dental 

clinic, the Faculty of Dentistry of McGill University oral diagnosis (OD) clinic, the Montreal 

General Hospital dental department (MGH) and the Ottawa DOCS  dental Group TMD-specialized 

clinic. 

5.1.1 Inclusion and exclusion criteria 

The inclusion criteria for the participation in this study required subjects to be of 18 to 85 

years of age with a positive diagnosis of TMD-related pain (muscle and/or joint) in accordance 

with Research Diagnostic DC56 or the Diagnostic Criteria for Temporomandibular Disorders 

(DC/TMD).59 The excluded subjects were those who had other orofacial pain (e.g. dental pain), 

cancer, no access to a telephone, those who were unable to provide informed consent or incapable 

of understanding French or English. 

 

5.1.2 Subject recruitment 

Patients who fulfilled the inclusion criteria at the four centers: the Jewish General Hospital 

(JGH) general dental clinic, the Faculty of Dentistry of McGill University oral diagnosis (OD) 
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clinic, Montreal General Hospital (MGH) and the Ottawa DOCS  dental Group, were approached 

during routine clinic visits by a clinician participating in the study and invited to participate. 

Information regarding the study was given to potential subjects initially verbally, and then if they 

expressed interest, a consent form which included detailed information about the study we are 

conducting was also provided (see appendices B & C). At each study center, a chart-review was 

completed on each patient who attended the clinic. Eligible patients who fulfilled the inclusion 

criteria were invited to join the study by signing the consent form. The 3-month follow-up visits 

were scheduled. Those who were not able to attend the follow-ups were called and the 3-month 

follow-up forms were completed (see appendices O & P).  

 

5.2 Data Collection 

Information was gathered from subjects who agreed to participate in the study at their 

convenience (see appendices E & J). All patients at the four locations were approached during 

their scheduled visit by one of our researchers and invited to participate. If they consented (see 

appendices B & C), the researcher would complete the baseline questionnaire of the study and then 

the patients would be given a follow-up appointment at 3 months. Most patients completed the 

questionnaire on site. A few numbers of patients were allowed to take the questionnaire home and 

return the completed questionnaire at their next scheduled appointment or mail it back to us. We 

provided the patient with a stamped envelope with our return address. The clinical examination 

and TMD diagnosis were obtained at the first visit.   

 

5.3 Study outcomes 

The primary outcomes were the transition from acute to chronic TMD-related pain or the 

persistence of chronic pain at the 3-month follow-up when chronic pain was defined by pain 
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duration and dysfunction. Secondary outcomes were the transition and the persistence state, both 

also defined by pain duration and dysfunction. 

 

5.4 Assessment of the potential risk factors 

5.4.1 Insomnia  

The Insomnia Severity Index (ISI), a seven-item validated questionnaire used to evaluate 

sleep disturbances in subjects. This instrument has excellent sensitivity (94%) and specificity 

(94%). This instrument evaluates: (1) the severity of sleep-onset, (2) sleep maintenance, (3) early 

morning awakening problems, (4) satisfaction with current sleep pattern, (5) sleep-related 

interference with daily function, (6) noticeability of impairment attributed to sleep problems, and 

(7) level of distress caused by sleep problems. Participants rate each of these factors on a 5-point 

(0–4) scale, with possible scores ranging from 0 (No Clinically Significant Insomnia) to 28 (Severe 

Clinical Insomnia).78 A total score is calculated, and sums between 0–7 indicate “no clinically 

significant insomnia”, 8–14 “Subthreshold insomnia”, and a score of 15 or more represents 

clinically significant insomnia. The scoring cutoffs are: < 15: no insomnia; and ≥ 15: clinically 

significant insomnia. 

 

5.4.2 Obstructive sleep apnea 

Comprehensive sleep evaluation for the likelihood of having  OSA was assessed using the 

validated Epworth Sleepiness Scale (ESS) questionnaire.93 Excellent sensitivity (93.5%) and 

specificity (100%) are found with ESS.98 This 8-item validated questionnaire is being used to 

assess daytime sleepiness in patients who are at high risk for OSA. The score for ESS is the sum 

of the score of all questions. A score between 0–9 is considered normal, whereas scores in the 10–

24 indicate that expert medical advice is required. For instance, scores of 11–15 are shown to 
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indicate the possibility of mild to moderate OSA, where a score of 16 and above indicates the 

possibility of severe OSA. ESS instrument is widely used in sleep clinics to screen for suspected 

OSA patients before authorizing a polysomnography study.98 The scoring cutoffs are: < 10: no 

OSA; and ≥ 10: OSA. 

 

5.4.3 Fatigue 

Fatigue severity and functionality were assessed using the Fatigue Severity Scale (FSS), a 

validated and reliable instrument.97 The FSS has 90% sensitivity and 86% specificity, with high 

reliability (Cronbach α = 0.93). The scoring cutoffs are: < 36: no fatigue; and ≥ 36: fatigue. 

 

5.5 Potential Confounders and Effect Modifiers 

In our study, the possible confounders all assessed at baseline were acute and chronic pain 

status, dysfunction, psychological factors (anxiety, depression), CPI, sex, and age. The Patient 

Health Questionnaire-4 (PHQ-4) is a validated and reliable instrument used for screening for 

psychological factors: anxiety and depression.99 PHQ-4 scoring cutoffs are: < 3: no anxiety and 

depression; and ≥ 3: anxiety and depression. 

 

5.6 Sample size calculation 

 

Table 5. Sample size effective by odds ratio and occurrence of outcomes 

Occurrence of outcome for aims 

# 3.3.1 and 3.3.2 (%) 

Odds ratios 

1.5 1.7 2 2.5 

Sample size 

30 162 85 42 18 

40 97 49 22 8 

50 58 27 11 - 
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We have demonstrated that the effective sample sizes described in Table 5 provides 80% 

of power to detect conservative odds ratios ranging from 1.7 to 2.5 or more. In these estimations, 

we considered the frequency occurrence of outcomes ranging from 30% to 50%67, 100-102 and alpha 

equal to 5%.  The results of this prospective cohort study will provide data for a precise estimation 

of the sample size due to the absence of appropriate data in the TMD-related pain literature. 

 

5.7 Study Feasibility  

Our target recruitment was 125 subjects with chronic and 125 acute TMD-related pain to 

achieve a final sample size of 100 acute and 100 chronic TMD-related pain subjects, who 

completed the 3-follow-ups. This completion rate estimate is conservative compared to our 

previous study (80%)30 and other prospective studies (89%).67 This target recruitment is possible 

because patients were recruited from JGH, OD, MGH and DSO dental clinics, which are important 

centers providing TMD treatment. The qualifications of our world-class research team with 

extensive experience in epidemiology and chronic pain should further validate the feasibility of 

this study.  

 

5.8 Statistical Analyses 

Chi-squared, Fisher’s exact test, analysis of variance, and Student t-test were used to test 

statistical differences between categories of TMD-related pain groups relative to insomnia, OSA, 

and fatigue, acute and chronic pain status, GCPS grades (GCPS I-IV), CPI, age, sex, and 

psychological factors.  
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5.8.1 Primary Analyses 

 For aim 3.3.1, we conducted binary logistic regression. The dependent variable was the 

presence or absence (yes or no) of chronic TMD-related pain at 3-month of follow-up. The risk 

factors under investigation in our study were insomnia, OSA, and fatigue (yes or no), the putative 

confounders were acute-chronic pain status at baseline, age, sex, CPI and psychological factors.  

 For aim 3.3.2, a binary logistic regression analysis was also performed to assess the relative 

risk of insomnia, OSA, and fatigue. The dependent variable was GCPS at 3-month of follow-up: 

0-I (no dysfunction) vs and II-IV (dysfunction). The risk factors were insomnia, OSA, and fatigue 

(yes or no), and the putative baseline confounders dysfunction were acute-chronic pain status at 

baseline, age, sex, and psychological factors.  

 In both analyses (Aims 3.3.1 and 3.3.2), the relative risk (RR) and their 95% confidence 

intervals (CI) were estimated. In the final multivariable models, we kept in the model fatigue, the 

covariates associated with the dependent variable, and the effect modifiers (interaction). The 

likelihood ratio test was used to assess the significance of the RR and the interactions in the model. 

All analyses were performed using the statistical software package SAS (SAS 9.4; SAS Institute, 

Cary, NC, US), with the significance level for type I error set at the 0.05 level. 

 

5.8.2 Secondary Analyses 

 Interaction terms were created between fatigue and acute-chronic pain status and dysfunction 

status both at baseline, to determine whether fatigue’s risk depended on these covariates. The 

interaction term was retained in the model only if the significance level of the regression 

coefficient was equal to or lower than 0.10.  Further, the analyses were stratified by pain duration 

(acute [≤ 3 months], chronic [> 3 months]) and dysfunction (no [GCPS I] and yes [II-IV]).  
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5.9 Ethical and Privacy Consideration  

The study was conducted according to ethical principles stated in the declaration of 

Helsinki.103 Ethical approval of this study was obtained from the research ethics committees of the 

McGill University Institutional Review Board in Montreal, Canada (approval number: A12-M113-

14A) and by the DOCS  dental Group in Ottawa, Ontario (approval number: 240-400). Consent 

forms, which took into consideration the well-being, free will, and respect of the participants, 

including respect of privacy, were collected from each patient that participated in the study. The 

questionnaires did not contain any identifying information and were instead coded. Once a patient 

had completed the questionnaires, the document was stored in the private office of the principal 

investigator. Then, the information from the documents was tabulated into an Excel sheet to be 

used for analysis and stored in an encrypted computer. 
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Abstract 

Insomnia and obstructive sleep apnea (OSA) are common among TMD-related pain subjects, and OSA was 

found to increase the risk of chronic TMD-related pain. This prospective cohort study aims to determine 

the contribution of insomnia and OSA on acute to chronic transition as well as its persistence when chronic 

pain is defined by: (i) duration ( > 3 months), and (ii) dysfunction (Graded Chronic Pain Scale [GCPS II-IV]). 

The International Association for the Study of Pain (IASP) defines chronic pain as “persistent or recurrent 

pain lasting longer than 3 months” and is associated with significant dysfunction. From 456 subjects 

recruited between 2015 to 2021, through four locations in Canada, 378 completed the follow-up. A 

diagnosis was obtained using the Research Diagnostic Criteria or the Diagnostic Criteria for 

Temporomandibular Disorders. Insomnia and OSA were assessed at baseline with Insomnia Severity and 

Epworth Severity Scales. Subjects completed the GCPS form at baseline and 3-month follow-up. 

Borderline associations were found between OSA and the transition or persistent risk when chronic pain 

was defined by pain duration (RR adjusted_duration = 1.11, P = 0.07) and dysfunction (RRadjusted_dysfunction =1.40, P 

= 0.05). Insomnia was not related to the study outcomes (RRadjusted_duration = 0.94, P = 0.27, RRadjusted_dysfunction 

=1.00, P = 0.99). Results indicate that OSA (RR = 1.13, P = 0.04) contrary to insomnia contributed to the 

transition or the persistence of chronic TMD-related pain risk at a 3-month follow-up. Failure to recognize 

and manage contributing factors to the transition and persistent pain may lead to treatment failure and 

prolonged chronic pain which can affect the quality of life of patients. This result suggests that OSA 

assessment may be considered as part of the comprehensive clinical exam for TMD patients, and that its 

management should be tested to prevent the transition and persistence of TMD-related pain. 
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1. Introduction  

Temporomandibular disorders (TMD) are a group of musculoskeletal conditions characterized by 

pain and dysfunction in the muscles of mastication, the temporomandibular joints, or both [1-3]. TMD is 

the second most commonly occurring musculoskeletal disorder after chronic lower back pain [2] and is 

an important public health concern due to it affects a significant portion of the general population, with 

prevalence estimates ranging from 5% to 12% [4, 5]. Many factors have been identified to increase the 

risk of TMD [6-13].  

Insomnia is common among individuals with TMD (36%)[14]. Insomnia is a sleep disorder that is 

defined as the subjective experience of difficulty initiating sleep, maintaining sleep, and/or early morning 

awakening for at least three nights a week for three consecutive months, while there is adequate 

opportunity for undisturbed sleep and the complaints are also not adequately explained by other mental 

or physical problems. 

The OPPERA case-control study found that TMD subjects were almost four times more likely to 

present with OSA compared to controls [15]. The OPPERA prospective cohort study found that OSA 

increased the risk of TMD onset. This study used some questions from the Pittsburgh Sleep Quality Index 

and the STOP-BANG questionnaire [15]. OSA is another breathing disorder that is a serious and potentially 

life-threatening condition characterized by brief interruptions of breathing during sleep [14]. 

To date, however, there is no evidence demonstrating insomnia or OSA as risk factors contributing 

to the transition from acute to chronic TMD-related pain. In the present prospective cohort study, we 

examined their association with the transition from acute to chronic TMD-related pain and contributions 

to persistent chronic pain. 

This study is part of a global project called ACTION (Acute to Chronic Pain Transition), aimed at 

identifying risk factors contributing to the transition from acute to chronic TMD-related pain and its 
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persistence. The aim of the current study was to assess whether insomnia and OSA are associated with 

the transition from acute to chronic TMD-related pain risk as well as with its persistence at a 3-month 

follow-up. 

Aim # 1. To determine if insomnia and OSA are associated with the transition or persistence risk 

when chronic TMD-related pain is defined as recurrent or persistent pain for more than 3 months. 

Aim # 2. To determine the contribution of insomnia and OSA on the transition or persistence risk 

when chronic TMD-related pain is defined by dysfunction as classified by GCPS (Graded Chronic Pain Scale 

Grades II-IV) [16]. 

The rationale to define chronic pain  with pain duration  or  dysfunction is due to following  the 

recommendations of the International Association for the Study of Pain (IASP) that defines chronic pain 

as recurrent or persistent pain lasting for more than 3 months [17, 18],  and states that  it is associated 

with significant disability [18].  A dysfunction state consists  of clinically significant pain and disability [16]. 

The study hypotheses are that insomnia and OSA increase the risk of a transition from acute to chronic 

TMD-related pain as well as its persistence when chronic TMD-related pain is defined by duration of pain 

or dysfunction.  To date, we are not aware of any study investigating insomnia and OSA contributions on 

the transition from acute to chronic TMD-related pain and on persistent risk of chronic pain.  

 

2. Methods 

2.1 Study design and study population  

  The ACTION program received approvals from the McGill Institutional Review Board in Montreal, 

Canada (approval number: A12-M113-14A) and the Dental Specialists Group in Ottawa, Ontario (approval 

number: 240-400). 
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Eligible subjects with acute or chronic TMD-related pain were recruited from four different sites 

between August 2015 and March 2021. These locations were the Jewish General Hospital (JGH) general 

dental clinic, the Faculty of Dentistry of McGill University oral diagnosis (OD) clinic, the Montreal 

General Hospital dental department (MGH), and the Dental Specialists Group TMD-specialized clinic. To 

be included in this study, study required subjects to be of 18 to 85 years of age with a positive diagnosis 

of TMD-related pain (muscle and/or joint) in accordance with Research Diagnostic DC [19] or the 

Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) [20]. The exclusion criteria were 

subjects who had other orofacial pain (e.g. dental pain), cancer, no access to a telephone, those who were 

unable to provide informed consent or incapable of understanding French or English.  

 
2.2 Acute and chronic pain classification   

Two criteria were used to define acute and chronic TMD pain: (i) pain duration of chronic TMD-

related pain is in accordance with the IASP that defines chronic pain as pain lasting for more than 3 months 

[17, 18], and (ii) dysfunction defined as grades II, III and IV with any disability points on the GCPS [16].  

To assess overall chronic pain severity based on the level of pain intensity and pain-related 

disability, we used the GCPS instrument. The GCPS grades are low-intensity pain, no disability (Grade I); 

high-intensity pain, without pain-related disability (Grade IIa); (iii) high-intensity pain, with low pain-

related disability (Grade IIb), moderately limiting (Grade III), and severely limiting (Grade IV).  The GCPS 

scoring is based on the subject’s responses to several items: 1) current; 2) worst; and 3) average pain 

intensity (0–10 numeric scales); 4) pain-related disability days, and pain-related interference with daily 

activities; work; and social or family activities (0–10 numeric). Characteristic pain intensity (CPI) measured 

by the GCPS is the average of 0–10 ratings of current, worst and average pain in the prior 3 months 

multiplied by 10. The disability score is the average of 3, 0–10 interference ratings: daily activities, work, 

and social or family activities multiplied by 10 prior 3 months.  
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2.3 Outcome variables 

The transition from acute to chronic TMD-related pain or the persistence of chronic pain at the 3-

month follow-up when chronic pain was defined by pain duration and dysfunction were the primary 

outcomes of our prospective cohort study. The secondary outcomes were also the transition and 

persistence states, both stratified by duration or dysfunction. 

 
 
2.4 Assessment of the potential risk factors  

2.4.1 Insomnia screening instrument 

A seven-item validated questionnaire called the Insomnia Severity Index (ISI), with an excellent 

sensitivity (94%) and specificity (94%) was used to evaluate sleep disturbances in subjects. This instrument 

evaluates: (1) the severity of sleep-onset, (2) sleep maintenance, (3) early morning awakening problems, 

(4) satisfaction with current sleep pattern, (5) sleep-related interference with daily function, (6) 

noticeability of impairment attributed to sleep problems, and (7) level of distress caused by sleep 

problems. Participants rate each of these factors on a 5-point (0–4) scale, with possible scores ranging 

from 0 (No Clinically Significant Insomnia) to 28 (Severe Clinical Insomnia) [21]. A total score is calculated, 

and sums between 0–7 indicate “no clinically significant insomnia”, 8–14 “Subthreshold insomnia”, and a 

score of 15 or more represents clinically significant insomnia. The scoring cutoffs are less than 15: no or 

subthreshold insomnia; and greater than or equal to 15: clinically significant insomnia. 

 

2.4.2 OSA screening instrument 

Comprehensive sleep evaluation for the likelihood of having  OSA was assessed using the validated 

Epworth Sleepiness Scale (ESS) questionnaire [22]. Excellent sensitivity (93.5%) and specificity (100%) are 

found with ESS [23]. This 8-item validated questionnaire is being used to assess daytime sleepiness in 
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patients who are at high risk for OSA. The score for ESS is the sum of the score of all questions. A score 

between 0–9 is considered normal, whereas scores in the 10–24 indicate that expert medical advice is 

required. For instance, scores of 11–15 are shown to indicate the possibility of mild to moderate OSA, 

where a score of 16 and above indicates the possibility of severe OSA. ESS instrument is widely used in 

sleep clinics to screen for suspected OSA patients before authorizing a polysomnography study [23]. The 

scoring cutoffs are less than 10: no OSA; and greater than or equal to 10: OSA. 

 

2.5 Assessment of putative confounders and effect modifiers  

 The possible confounders and effect modifiers in our study were the acute and chronic pain status, 

dysfunction, psychological factors (anxiety, depression), sex, and age.  Screening for psychological factors: 

anxiety and depression was accomplished with the Patient Health Questionnaire 4 (PHQ 4) [24]. This 

scoring cutoffs for the PHQ4 are less than 3: no anxiety and depression; and greater than or equal to 3: 

anxiety and depression. 

 

2.6 Statistical analysis 

 Chi-squared, Fisher’s exact test, analysis of variance, and Student t-test were used to test statistical 

differences between categories of TMD-related pain groups relative to insomnia and OSA, acute and 

chronic pain status, GCPS grades (GCPS I-IV), CPI, age, sex, and psychological factors.  

 

2.6.1 Primary analysis 

 For aim 1, we conducted binary logistic regression. The dependent variable was the presence or 

absence (yes or no) of chronic TMD-related pain at 3-month of follow-up. The risk factors under study 

were insomnia and OSA (yes or no) and the putative confounders were acute-chronic pain status at 

baseline, age, sex, CPI, and psychological factors.  
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 For aim 2, a binary logistic regression analysis was also performed to assess the relative risk of 

insomnia and OSA. The dependent variable was GCPS at 3-month of follow-up: 0-I (no dysfunction) vs. 

and II-IV (dysfunction). The risk factors were insomnia/score (yes or no) and OSA/score (yes or no) and 

the putative baseline confounders dysfunction were acute-chronic pain status at baseline, age, sex, and 

psychological factors. CPI was not included in the multivariable model because it is part of the GCPS 

instrument.  

 The relative risk (RR) and their 95% confidence intervals (CI) were estimated in both analyses for 

Aims 1 and 2. We kept OSA, and the covariates in the final multivariable model. The likelihood ratio test 

was used to assess the significance of the RR and interactions in the model. All analyses were performed 

using the statistical software package SAS (SAS 9.4; SAS Institute, Cary, NC, US), with the significance level 

for type I error set at the 0.05 level. 

 

2.6.2 Secondary analysis 

 Interaction terms between each sleep disorder and acute-chronic pain status and GCPS status both 

at baseline were introduced. This was done to determine whether the sleep disorders risks were modified 

by these covariates. The interaction terms were retained in the model only if the significance level of the 

regression coefficient was equal to or lower than 0.10. The analyses were stratified by pain duration 

(acute [≤ 3 months], chronic [> 3 months]) and dysfunction (no [GCPS I] and yes [II-IV]).  

 

 

3. Results 

3.1 Baseline profile of the acute and chronic TMD-related pain cohort defined by pain duration 

 From a total of 516 subjects informed of the study, 10 refused to participate and 50 were not eligible 

due to lack of time and distress. Baseline characteristics of acute and chronic TMD-related pain cohorts is 
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demonstrated in Table1.  The total number of TMD related pain subjects enrolled was 456, from which a 

123 (26.96%) subjects were included in the acute cohort (≤ 3 months) and 333 (73.03%) in the chronic (> 

3 months). Insomnia and OSA were slightly more common in the chronic TMD-related pain cohort 

compared to the acute (insomnia: 28.23% vs. 22.76%, P = 0.24; OSA: 49.70% vs. 44.72%, P = 0.34).  No 

statistically significant differences were found between groups. Females were more present in the chronic 

TMD-related pain cohort compared to acute than the acute cohort (78.68% vs. 69.92%, P = 0.05). 

Table 2 shows the baseline profile of the acute and chronic TMD-related pain cohorts that 

completed the 3-month follow-up. The number of participants who completed the follow-up was 378 

subjects (82.89%) from a total enrolled of 456. Insomnia and OSA remained slightly higher in the chronic 

pain cohort compared to the acute (insomnia: 30.80% vs. 23.53%, P = 0.17; OSA: 49.08% vs. 45.10%, P = 

0.49). No statistically significant differences were found between groups. 

From the acute TMD-related pain cohort including 102 subjects who completed the 3-month 

follow-up, half of the subjects (n = 52) presented a transition to chronic TMD-related pain, and 

approximately the other half (n = 50) had no pain. From the chronic TMD-related pain cohort 75.72% (n 

= 209/276) had persistent chronic pain, whereas almost a quarter (n = 67) of subjects had no pain at 3-

month follow-up.   

Table 3 shows the baseline profile of subjects with and without chronic TMD-related pain at 3-

months follow-up (261 vs. 117). Almost one-third of those with (29.50%) and without (27.35%) chronic 

TMD-related pain presented insomnia (P = 0.67). OSA was more common among the subjects with chronic 

TMD-related pain (50.58%) than those without pain (42.24%). However, this difference was not 

statistically significant (P = 0.13).  
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3.1.1 The contribution of sleep disorders on the transition and persistence of chronic TMD-related pain  

Table 4 highlights OSA and insomnia crude and multivariable logistic regression analyses. Relative 

risk (RR) estimates showed no significant associations between insomnia and the transition and 

persistence risk at 3-month follow-up (RRcrude = 1.03, RRmodel II = 0.94, P = 0.27). A borderline association 

was found between the transition or persistent risk and OSA (RRModelIII = 1.11, P = 0.07), when the model 

included the acute and chronic pain status, CPI, sex, age, and psychological factors. To improve the 

precision of the model, insomnia was not included in model III. 

 
3.1.2 Secondary analyses  

No interactions were found between each sleep disorders and the acute and chronic status at 

baseline (P > 0.28). The stratified analysis found that insomnia (RR = 1.20, 95%CI: 0.68-2.12, P = 0.52) and 

OSA (RR = 0.85, 95%CI: 0.55-1.31, P = 0.45) were not related to the transition risk. However, a significant 

persistent risk was found with OSA (RR = 1.13, 95%CI: 1.00-1.26, P = 0.04), but not with insomnia (RR = 

0.92, 95%CI: 0.81-1.05, P = 0.22). These models included sex, age, psychological factors and CPI. 

Regarding the score analysis, apnea score was not related to the transition or persistent risk (RR 

= 1.01, 95%CI: 0.99-1.02, P = 0.32). The stratified analyses, however, found that OSA score contributed 

to the persistence of TMD-related pain (RR = 1.01, 1.00-1.03, P = 0.047), but it was not related to the 

transition (RR = 0.98, 0.94-1.02, P = 0.30). These analyses were adjusted for all covariates. Furthermore, 

insomnia score was not related to the transition or persistence (RR = 1.00, 95%CI: 0.99-1.01, P = 0.61). 

The stratified analysis also showed that insomnia score was not related to the transition (RR = 1.02, 95%CI: 

0.99-1.01, P = 0.16) and with the persistence outcome (RR = 1.00, 95%CI: 0.99-1.01, P = 0.88).  
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3.2 Acute and chronic cohort defined by dysfunction 

 At baseline, insomnia (32.50% vs. 12.88%, P < .0001), and OSA (51.57% vs. 41.98%, P = 0.06) were 

all more common among subjects with dysfunction compared to those without (Table 5).  

Table 6 shows baseline characteristics of the no dysfunction and dysfunction cohorts who 

completed the 3-month follow-up. Insomnia (34.33% vs. 14.95%, P = 0.0002) and OSA (51.50% vs. 40.57% 

P = 0.06) were more prevalent in the dysfunction than in the no dysfunction cohort.  

The number of subjects who completed the 3-month follow-up presented with or without 

dysfunction was 268 and 107, respectively. The dysfunction cohort showed 90 (33.58%) subjects with the 

persistence of chronic TMD-related pain compared to 178 (66.42%) without dysfunction. From the no 

dysfunction baseline cohort, eight (7.48%) presented a transition to chronic TMD-related pain and 92.52% 

(n = 99) of subjects remained without dysfunction 

Table 7 shows the baseline cohort characteristics of subjects with or without dysfunction at 3-

month follow-up. Insomnia (36.73%, P = 0.04) and OSA (59.38%, P = 0.01) remained to be more frequent 

among subjects with dysfunction compared to those without dysfunction.  

 

3.2.1 The contribution of sleep disorders on the transition and persistence of chronic TMD-related pain 

defined by dysfunction 

Table 8 shows the findings of the crude and multivariable logistic regression analyses for insomnia 

and OSA including 375 subjects. Insomnia at baseline was associated with the transition or persistence 

risk based on dysfunction in the crude (RR = 1.43, P = 0.04). In the multivariable analysis the RR was 

weaker and non-significant (RRModelII = 1.00, P = 0.99). To improve the precision of the model, insomnia 

was not included in model III. In the crude analysis, OSA was associated with the increased risk at a 3-
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month follow-up (RR = 1.56, P = 0.01). However, a borderline association was found in the multivariable 

analyses (RR = 1.40, P = 0.051). In model III, we kept in the sex and acute and chronic TMD-related pain 

in the model even if they were not statistically significant, contrary to psychological factors and age since 

these covariates improved the precision. 

 
3.2.3 Secondary analysis  

At baseline, interaction analysis found no interaction between insomnia and OSA and the 

dysfunction status (P > 0.42). Furthermore, stratified analysis showed no association between OSA and 

the transition from acute to chronic pain defined by dysfunction (RR = 2.18, 95%CI: 0.56-8.47, P = 0.26).  

A borderline association, however, was found with persistence of chronic TMD-related pain (RR = 1.35, 

95%CI: 0.95-1.91, P = 0.09).  

Insomnia was not associated with persistence risk (RR = 1.12, 95%CI = 0.778-1.60, P = 0.53). It was 

not possible to assess the impact of insomnia on the transition risk since in this acute cohort including 

only the 107 subjects none of the subjects with insomnia (n = 16) presented a transition. 

There were no statistically significant differences between subjects who dropout (n = 85) and who 

did not (n = 441): OSA (P = 0.72), acute to chronic (P = 0.93), dysfunction (P = 0.45), psychological factors 

(P = 0.14), age (P = 0.36), sex (P = 0.35), and CPI (P = 0.81).  However, subject who dropout less frequently 

reported insomnia (n = 13, 16.67%) than those who did not dropout (n = 109, 28.34%, P = 0.03).   

 

4. Discussion 

This prospective cohort study demonstrated that OSA contributed to the transition from acute to 

chronic TMD-related pain as well as the persistence at a 3-month follow-up when chronic pain was 
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defined by duration and dysfunction. This increased risk appeared to be specific to the persistence of 

chronic TMD-related pain status. We found that this increase remained when the model was adjusted by 

the covariates associated with the study outcome.  

The frequency of OSA in our chronic TMD-related pain cohort was slightly higher than that found 

in other studies (Table 1). In the OPPERA study, almost 6% of TMD subjects presented OSA. This study 

showed that TMD subjects were more likely to present OSA when compared to controls. In this study, 

OSA was assessed using 3 questions from Pittsburgh Sleep Quality Index (PSQI) and four questions from 

the STOP-BANG (SB) [15]. Polysomnography OSA prevalence among individuals with chronic TMD pain 

was 28.4% [14]. Furthermore, the prevalence of TMD is higher among patients with OSA referred for oral 

appliance therapy [25].   

Insomnia assessed by polysomnography among TMD subjects was 36% (n = 52) in a chronic painful 

TMD [22]. Barjandi et al. [26] found that insomnia was prevalent among individuals with myalgia (31.3%) 

and myofascial pain with a referral (69.1%). Our estimated frequency of insomnia was lower than that 

study (Tables 1-2).  

The prospective cohort study is the best design to achieve our study objectives because it ensures 

that the risk and potential contributing factors preceded the onset of chronic pain [27]. To decrease the 

chance of finding a positive association specific to a given hospital because of a referral pattern, subjects 

were recruited from four different dental clinics. To decrease misclassification bias, patients were 

diagnosed by four different investigators following the same study protocol. To decrease information 

bias, all questionnaires used were validated and have adequate specificity and sensitivity [16, 22, 23]. 

  A limitation of this study relates to different classifications of acute and chronic TMD-related pain 

used among researchers. We followed the IASP to classify chronic pain (> 3 months) and used the GCPS 

[16] to classify those subjects with or without dysfunction, to overcome this limitation by avoiding 
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misclassification. Another limitation is the sample size of the acute cases was not large enough due to the 

difficulty of recruiting acute TMD patients. This was the case before and even after COVID19 closure 

restrictions that were introduced on March 2019. It is possible that larger sample size in the acute cohort 

could have strengthened the 80% power of analysis we conservatively estimated. In our study, our 

dropout rate is 10.2%. No significant differences were found between subjects who dropout and did not. 

Additionally, the stratified analysis for insomnia had a lower sample size which contributed to the sample 

size limitation in our study.  

 Our study is the first to demonstrate the contribution of OSA on the increased risk of transition 

from acute to chronic pain as well as its persistence at a 3-month follow-up when chronic pain is defined 

by duration or dysfunction. Insomnia, however, was not related to the study outcomes. This result 

suggests that OSA assessment may be considered as part of the comprehensive clinical exam for TMD 

patients and that OSA management should be tested to prevent the transition and persistence of TMD-

related pain.  
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Table 1. Baseline characteristics of acute and chronic TMD-related pain cohorts defined by duration 

 

 

  

 

 

 

Risk factors and covariates  

 

 

 

Category 

Acute cohort  

(≤ 3 months) 

n (%) 

Chronic cohort  

(> 3 months) 

n (%) 

P-value 123 (26.96) 333 (73.03) 

Insomnia, n (%) ≥ 15 28 (22.76) 94 (28.23) 0.24 

< 15 95 (77.24) 239 (71.77) 

OSA, n (%) ≥ 10 55 (44.72) 164 (49.70) 0.34 

< 10 68 (55.28) 166 (50.30) 

Sex, n (%) Female 86 (69.92) 262 (78.68) 0.05 

Male 37 (30.08) 71 (21.32) 

Psychological factors, n (%) ≥ 3 69 (56.10) 207 (62.16) 0.24 

< 3 54 (43.90) 126 (37.84) 

Age (years) Mean, 

median,  

(SD) 

42.64, 

39.00, 

(16.11) 

41.74, 

39.00 

(16.29) 

0.60 

CPI (0-100 NRS) Mean, 

median,  

(SD) 

57.43, 

56.66, 

 (21.42) 

57.41, 

60.00, 

 (21.65) 

0.98 

CPI = characteristic pain intensity, SD = standard deviation, NRS = numeric pain rating scale 

n = number of subjects, % = percentage 

Insomnia < 15 = No, ≥ 15 = Yes 

OSA < 10 = No, ≥ 10 = yes 

Psychological factors ≥ 3 = Yes, < 3 = No 
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Table 2. Baseline profile of the acute and chronic TMD-related pain cohorts who completed the 3-month follow-up 

 

 

 

Risk factors and covariates 

 

 

 

Category 

Acute cohort  

(≤ 3 months) 

n (%) 

Chronic cohort  

(> 3 months) 

n (%) 

Total 

n (%) 

P-value 102 (26.98) 276 (73.02) 378 

Insomnia, n (%) ≥ 15 24 (23.53) 85 (30.80) 109 (28.84) 0.17 

< 15 78 (76.47) 191 (69.20) 269 (71.16) 

OSA, n (%) ≥ 10 46 (45.10) 134 (49.08) 180 (48.00) 0.49 

< 10 56 (54.90) 139 (50.92) 195 (52.00) 

Sex, n (%) Female 72 (70.59) 214 (77.54) 286 (75.66) 0.16 

Male 30 (29.41) 62 (22.46) 92 (24.34) 

Psychological factors, n (%) ≥ 3 58 (56.86) 176 (63.77) 234 (61.90) 0.22 

< 3 44 (43.14) 100 (36.23) 144 (38.10) 

Age (years) Mean,  

median,  

(SD) 

42.34, 

39.00, 

(16.70) 

41.52, 

39.00, 

(16.15) 

41.59, 

39.00, 

(16.14) 

0.74 

CPI (0-100 NRS) Mean,  

median,  

(SD) 

57.94, 

60.00, 

(20.26) 

57.29, 

60.0, 

(21.73) 

57.46, 

60.0, 

(21.33) 

0.71 

CPI = characteristic pain intensity, SD = standard deviation, NRS = numeric pain rating scale 

n = number of subjects, % = percentage 

Insomnia < 15 = No, ≥ 15 = Yes 

OSA < 10 = No, ≥ 10 = yes 

Psychological factors ≥ 3 = Yes, < 3 = No 
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Table 3. Baseline profile of subjects with chronic TMD-related pain and those without pain at 3-month follow-up 

 

  

 

 

 

Risk factors and covariates 

 

Category 

No TMD-related 

pain 

n (%) 

Chronic TMD-

related pain 

n (%) 

P-value 117 (30.95) 261 (69.05) 

Insomnia, n (%) ≥ 15 32 (27.35) 77 (29.50) 0.67 

< 15 85 (72.65) 184 (70.50) 

OSA, n (%) ≥ 10 49 (42.24) 131 (50.58) 0.13 

< 10 67 (57.76) 128 (49.42) 

Sex, n (%) Female 76 (64.96) 210 (80.46) 0.001 

Male 41 (35.04) 51 (19.54) 

Psychological factors, n (%) ≥ 3 69 (58.97) 165 (63.22) 0.43 

< 3 48 (41.03) 96 (36.78) 

Mean age, (95% CI) Years 40.11 (37.17-43.06) 42.39 (40.42-44.36) 0.21 

Mean CPI (95%CI) 0-100 NRS 51.06 (47.24-54.88) 60.41 (57.85-62.96) <.0001 

CPI = characteristic pain intensity, CI = confidence interval, NRS = numeric pain rating scale 

n = number of subjects, % = percentage, Chronic > 3 months 

Insomnia < 15 = No, ≥ 15 = Yes 

OSA < 10 = No, ≥ 10 = yes 

Psychological factors ≥ 3 = Yes, < 3 = No 
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Table 4. Crude and multivariable logistic regression analyses assessing the contribution of insomnia and OSA on transition and 

persistent TMD-related pain at 3-month follow-up 

Risk factors 

and covariates  

at baseline 

Category Model I 

RR (95% CI) 

P-Value Model II 

RR (95% CI) 

P-Value Model III 

RR (95% CI) 

P-Value 

Insomnia < 15 1.0 (reference) 0.66 1.0 (reference) 0.27 Not in the model 

≥ 15 1.03 (0.89-1.19) 0.94 (0.84-1.05) 

OSA < 10 1.0 (reference) 0.13 1.0 (reference) 0.19 1.0 (reference) 0.07 

≥ 10 1.11 (0.97-1.27) 1.07 (0.97-1.18) 1.11 (0.99-1.25) 

Acute and 

chronic TMD-

related pain 

≤ 3 m 1.0 (reference) 0.0001 1.0 (reference) 0.002 1.0 (reference) <.0001 

> 3 m 1.48 (1.21-1.81) 1.23 (1.08-1.40) 1.47 (1.20-1.79) 

Mean CPI 0-100 

NRS 

1.01 (1.00-1.01) 0.0001 1.00 (1.00-1.01) 0.008 1.00 (1.00-1.01) 0.0001 

Sex Male 1.0 (reference) 0.005 1.0 (reference) 0.07 1.00 (reference) 0.02 

Female 1.32 (1.09-1.61) 1.13 (0.99-1.29) 1.25 (1.04-1.51) 

Mean age Years 1.00 (0.99-1.01) 0.21 1.00 (0.99-1.00) 0.70 1.00 (0.99-1.00) 0.54 

Psychological 

factors 

< 3 1.0 (reference) 0.44 1.0 (reference) 0.91 1.0 (reference) 0.35 

≥ 3 1.06 (0.92-1.22) 0.99 (0.89-1.11) 0.94 (0.83-1.07) 

RR = relative risk, m = months, Insomnia < 15 = No, ≥ 15 = Yes; OSA < 10 = No, ≥ 10 = yes; Acute ≤ 3 m, Chronic > 3 m 

CPI = characteristic pain intensity, NRS = numeric pain rating scale 

Model I = crude analysis, Model II = multivariable model including sleep disorders and all covariates 

Model III = multivariable model including OSA and all covariates 

Psychological factors ≥ 3 = Yes, < 3 = No  
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Table 5. Baseline profile of the acute and chronic TMD-related pain cohorts defined by dysfunction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Risk factors and covariates Category 

No dysfunction 

(GCPS I) 

n (%) 

Dysfunction 

(GCPS II-IV) 

n (%) 

P-value 132 (29.20) 320 (70.80) 

Insomnia, n (%) ≥ 15 17 (12.88)  104 (32.50)  <.0001 

< 15 115 (87.12) 216 (67.50) 

OSA, n (%) ≥ 10 55 (41.98)  164 (51.57)  0.06 

< 10 76 (58.02) 154 (48.43) 

Sex, n (%) Female 98 (74.24) 247 (77.19) 0.50 

Male 34 (25.76) 73 (22.81) 

Psychological factors, n (%) ≥ 3 63 (47.73) 212 (66.25) 0.0002 

< 3 69 (52.27) 108 (33.75) 

Mean age, (95% CI) Years 39.78 (37.02, 42.53) 42.90 (40.12-44.68) 0.06 

Acute to chronic TMD pain 

defined by pain duration 

Acute  

(n = 121) 
35 (28.93) 86 (71.07) 

0.94 

Chronic  

(n = 331) 
97 (29.31) 234 (70.69) 

CI = confidence interval, n = number of subjects, % = percentage 

Insomnia < 15 = No, ≥ 15 = Yes 

OSA < 10 = No, ≥ 10 = yes 

Acute ≤ 3 m, Chronic > 3 m 

Psychological factors ≥ 3 = Yes, <3 = No 
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Table 6. Baseline profile of the no dysfunction and dysfunction cohorts who completed the 3-month follow-up 

 

  

 

 

 

Risk factors and covariates Category 

No dysfunction 

(GCPS I) 

n (%) 

Dysfunction 

 (GCPS II-IV) 

n (%) 

Total 

n (%) 

P-value 107 (28.53) 268 (71.47) 375 

Insomnia, n (%) ≥ 15 16 (14.95) 92 (34.33) 108 (28.80) 0.0002 

< 15 91 (85.05) 176 (65.67) 267 (71.20) 

OSA, n (%) ≥ 10 43 (40.57)  137 (51.50)  180 (48.39) 0.06 

< 10 60 (59.43) 129 (48.50) 192 (51.61) 

Sex, n (%) Female 80 (74.77) 203 (75.75) 283 (75.47) 0.84 

Male 27 (25.23) 65 (24.25) 92 (24.53) 

Psychological factors, n (%) ≥ 3 55 (51.40) 177 (66.04) 232 (61.87) 0.008 

< 3 52 (48.60) 91 (33.96) 143 (38.13) 

Age (years) Mean, 

median,  

(SD) 

39.47, 

38.72, 

(16.10) 

42.44, 

41.00, 

(16.05) 

42.27, 

40.00, 

(16.35) 

0.11 

Acute to chronic TMD pain 

defined by pain duration, n (%) 

Acute 27 (27.27) 72 (72.73) 99 (26.40) 0.75 

Chronic 80 (28.99) 196 (71.01) 276 (73.60) 

SD = standard deviation, n = number of subjects, % = percentage 

Insomnia < 15 = No, ≥ 15 = Yes 

OSA < 10 = No, ≥ 10 = yes 

Acute ≤ 3 months, Chronic > 3 months 

Psychological factors ≥ 3 = Yes, <3 = No 
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Table 7. Baseline profile of cohorts without or with dysfunction at 3-month follow-up 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Risk factors and covariates Category 

No dysfunction 

(GCPS I) 

n (%) 

Dysfunction 

(GCPS II-IV) 

n (%) 

P-value 277 (73.87)  98 (26.13)  

Insomnia, n (%) ≥ 15 72 (25.99) 36 (36.73)  0.04 

< 15 205 (74.01) 62 (63.27) 

OSA, n (%) ≥ 10 123 (44.57) 57 (59.38)  0.01 

< 10 153 (55.43) 39 (40.63) 

Sex, n (%) Female 203 (73.29) 80 (81.63) 0.10 

Male 74 (26.71) 18 (18.37) 

Psychological factors, n (%) ≥ 3 160 (57.76) 72 (73.47) 0.006 

< 3 117 (42.24) 26 (26.53) 

Age (years) Mean,  

median,  

(SD)  

41.63,  

37.00, 

(17.00) 

41.47,  

42.00, 

(16.06) 

0.98 

Acute to chronic TMD pain 

defined by pain duration, n (%) 

Acute (99) 79 (79.80) 20 (20.20) 0.12 

Chronic (276) 198 (71.74) 78 (28.26) 

SD = standard deviation, n = number of subjects, % = percentage 

Insomnia < 15 = No, ≥ 15 = Yes 

OSA < 10 = No, ≥ 10 = yes 

Acute ≤ 3 months, Chronic > 3 months 

Psychological factors ≥ 3 = Yes, <3 = No 
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Table 8. Crude and multivariable logistic regression analyses assessing the contribution of insomnia and OSA on the transition to 

chronic TMD-related pain based on dysfunction at 3-month follow-up using GCPS  

Risk factors and 

covariates at 

baseline 

Category Model I 

RR (95% CI) 

P-Value Model II 

RR (95% CI) 

P-Value Model III 

RR (95% CI) 

P-Value 

Insomnia < 15 1.0 (reference) 0.04 1.0 (reference) 0.99 Not in the model 

≥ 15 1.43 (1.02-2.03) 1.00 (0.70-1.43) 

OSA < 10 1.0 (reference) 0.01 1.0 (reference) 0.16 1.0 (reference) 0.05 

≥ 10 1.56 (1.09-2.22) 1.29 (0.90-1.85) 1.40 (1.00-1.97) 

Acute and chronic 

TMD-related pain  

≤ 3 m 1.0 (reference) 0.13 1.0 (reference) 0.19 1.0 (reference) 0.15 

> 3 m 1.40 (0.91-2.16) 1.32 (0.86-2.02) 1.37 (0.90-2.08) 

Dysfunction No 1.0 (reference) <.0001 1.0 (reference) <.0001 1.0 (reference) <.0001 

Yes 4.49 (2.25-8.93) 4.09 (2.05-8.19) 4.21 (2.11-8.36) 

Sex Male 1.0 (reference) 0.11 1.0 (reference) 0.16 1.0 (reference) 0.20 

Female 1.44 (0.92-2.27) 1.37 (0.88-2.16) 1.33 (0.86-2.07) 

Mean age Years 0.99 (0.98-1.01) 0.93 0.99 (0.98-1.00) 0.37 Not in the model 

Psychological factors < 3 1.0 (reference) 0.008 1.0 (reference) 0.13 Not in the model 

≥ 3 1.70 (1.14-2.53) 1.36 (0.91-2.03) 

RR = relative risk, m = months, Insomnia < 15 = No, ≥ 15 = Yes; OSA < 10 = No, ≥ 10 = yes; Acute ≤ 3 m, Chronic > 3 m 

Model I = crude analysis, Model II = multivariable model including insomnia and OSA and all covariates 

Model III = multivariable model including OSA and all covariates 

Dysfunction is characterized by a combination of an average of 5 or greater over the three pain questions and pain related disability 

Psychological factors ≥ 3 = Yes, <3 = No 
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Abstract  

Previous studies have demonstrated that fatigue is associated with chronic temporomandibular 

disorders (TMD) pain. TMD is a group of a musculoskeletal condition affecting the muscles of 

mastication, the temporomandibular joints, or both. This prospective cohort study determines 

whether fatigue is associated with the transition from acute to chronic TMD-related pain as well 

as its’ persistence, when chronic pain is defined by: (i) duration ( > 3 months), and (ii) dysfunction 

(Graded Chronic Pain Scale (GCPS II-IV). The International Association for the Study of Pain 

(IASP) defines chronic pain as “persistent or recurrent pain lasting longer than 3-months” and is 

associated with significant dysfunction. From 454 subjects recruited between 2015 to 2021, 

through four locations in Canada, 376 completed the follow-up. A diagnosis was obtained using 

the Research Diagnostic Criteria or the Diagnostic Criteria for Temporomandibular Disorders. 

Fatigue was assessed at baseline with the Fatigue Severity Scale. Subjects completed the GCPS 

form at baseline and 3-month follow-up. When chronic pain was defined as dysfunction, fatigue 

was associated with an increased transition or persistence risk (RRadjusted = 1.72, P = 0.002), 

contrary to pain duration (RRadjusted =1.01, P = 0.99). This multivariable analysis was adjusted by 

baseline acute and chronic pain status, dysfunction, and sex. Results indicate that fatigue 

contributed to the transition (RR = 5.92, P = 0.02) and persistence (RR = 1.62, P = 0.007) of 

chronic TMD-related pain risk at a 3-month follow-up when chronic pain was defined by 

dysfunction contrary to defined by duration. This result suggests that fatigue assessment may be 

an essential part of a comprehensive clinical examination.  
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1. Introduction 

Temporomandibular disorders (TMD) is a collective term used to describe musculoskeletal 

conditions characterized by pain in the muscles of mastication and temporomandibular joint or 

both, and/or associated structures [1]. The common signs and symptoms include tenderness in the 

muscles upon palpation, pain within the range of motion, or limitation of the jaw upon opening. 

This is followed by interference with vital functions such as eating, swallowing, and speaking 

[20].  

The prevalence of TMD-related pain ranges between 5% to 12% [10, 23] and the annual 

incidence is 3.9% [16]. TMD-related pain is more common among females than males [23]. 

Nevertheless, approximately 33% of TMD-related pain patients continue to suffer from moderate 

to severe levels of pain and disability, independent of treatment received [13, 14].  

Fatigue is a subjective experience with symptoms including a persisting lack of energy, 

exhaustion, physical and mental tiredness, and apathy [2]. The prevalence of fatigue varies from 

0.2% to 6.41%[11] Fatigue prevalence is considerably higher among subjects with TMD-related 

pain (14-43%) [2, 5, 9]. Dahan et al. [5] found that fatigue was positively associated with chronic 

TMD-related pain intensity and duration.   

The current prospective cohort study is part of the Acute to Chronic TMD Transition 

(ACTION) program, with an overall goal to identify the risk factors implicated in the transition 

from acute to chronic TMD-related pain and its persistence. The current study aimed to assess 

whether fatigue was associated with the transition from acute to chronic TMD-related pain risk as 

well as with its persistence at a 3-month follow-up. Thus, the specific aims are: 

Aim # 1. To determine if fatigue is associated with the transition and persistence risk when 

chronic TMD-related pain is defined as recurrent or persistent pain for more than 3 months. 
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Aim # 2. To determine the contribution of fatigue on the transition or persistence risk when 

chronic TMD-related pain is defined by dysfunction as classified by GCPS (Graded Chronic Pain 

Scale Grades II-IV) [24]. 

The rationale to define chronic pain based on pain duration and dysfunction is described 

below. First, the International Association for the Study of Pain (IASP) defines chronic pain as 

recurrent or persistent pain lasting for more than 3 months [18, 19]. Second, IASP states that 

chronic pain is associated with significant disability [19]. Therefore, chronic TMD-related pain 

was also defined as a dysfunction state consisting of clinically significant pain and disability [24]. 

The study hypotheses are that fatigue increases the risk of a transition from acute to chronic TMD-

related pain as well as its persistence when chronic TMD-related pain is defined by pain duration 

or dysfunction.  To date, we are not aware of any study investigating the contribution of fatigue 

on the transition from acute to chronic TMD-related pain as well as its persistence. 

 

2. Methods 

2.1 Study design and study population  

  The Acute to Chronic TMD Transition (ACTION) program received approval from the 

McGill Institutional Review Board in Montreal, Canada (approval number: A12-M113-14A) and 

by the Dental Specialists Group in Ottawa, Ontario (approval number: 240-400). 

Eligible subjects with acute or chronic TMD-related pain were recruited between August 

2015 and March 2021 from four different sites: the Jewish General Hospital (JGH) general dental 

clinic, the Faculty of Dentistry of McGill University oral diagnosis (OD) clinic, the Montreal 

General Hospital dental department (MGH), and the Dental Specialists Group TMD-specialized 

clinic. The inclusion criteria for the participation in this study required subjects to be of 18 to 85 
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years of age with a positive diagnosis of TMD-related pain (muscle and/or joint) in accordance 

with Research Diagnostic DC [6] or the Diagnostic Criteria for Temporomandibular Disorders 

(DC/TMD) [15].  The excluded subjects were those who had other orofacial pain (e.g. dental pain), 

cancer, no access to a telephone, those who were unable to provide informed consent or incapable 

of understanding French or English.  

 

2.2 Acute and chronic pain classification   

We used two criteria to define acute and chronic TMD-related pain: (i) pain duration of 

chronic TMD-related pain is in accordance with the International Association for the Study of 

Pain (IASP) which defines chronic pain as pain lasting for more than 3 months [18, 19], and (ii) 

dysfunction defined as grades II, III and IV with any disability points on the Graded Chronic Pain 

Scale (GCPS) [24].   

GCPS is an instrument used to assess overall chronic pain severity based on the level of 

pain intensity and pain-related disability. The GCPS grades are low-intensity pain, no disability 

(Grade I); high-intensity pain, without pain-related disability (Grade IIa); (iii) high-intensity pain, 

with low pain-related disability (Grade IIb), moderately limiting (Grade III), and severely limiting 

(Grade IV).  The scoring is based on the subject’s responses to several items: 1) current; 2) worst; 

and 3) average pain intensity (0–10 numeric scales); 4) pain-related disability days, and pain-

related interference with daily activities; work; and social or family activities (0–10 numeric). 

Characteristic pain intensity (CPI) measured by the GCPS is the average of 0–10 ratings of current, 

worst and average pain in the prior 3 months multiplied by 10. The disability score is the average 

of 3, 0–10 interference ratings: daily activities, work, and social or family activities multiplied by 

10 prior 3 months.  
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2.3 Outcome variables 

 The primary outcomes were the transition from acute to chronic TMD-related pain or the 

persistence of chronic pain at the 3-month follow-up when chronic pain was defined by pain 

duration and dysfunction. Secondary outcomes were the transition and the persistence state, both 

also defined by pain duration and dysfunction. 

 

2.4 Assessment of fatigue  

 Fatigue severity and functionality were assessed using the Fatigue Severity Scale (FSS), a 

validated and reliable instrument [21]. The FSS has 90% sensitivity and 86% specificity, with high 

reliability (Cronbach α = 0.93).   The scoring cutoffs are: < 35: no fatigue; and ≥ 36: fatigue. 

 

2.5 Putative confounders and effect modifiers assessment  

 In our study, the possible confounders all assessed at baseline were acute and chronic pain 

status, dysfunction, psychological factors (anxiety, depression), CPI, sex, and age. The Patient 

Health Questionnaire-4 (PHQ-4) is a validated and reliable instrument used for screening for 

psychological factors: anxiety and depression [12]. PHQ-4 scoring cutoffs are: < 3: no anxiety and 

depression; and ≥ 3: anxiety and depression. 

 

2.6 Statistical analysis 

 Chi-squared, Fisher’s exact test, analysis of variance, and Student t-test were used to test 

statistical differences between categories of TMD-related pain groups relative to fatigue, acute 

and chronic pain status, GCPS grades (GCPS I-IV), CPI, age, sex, and psychological factors.  
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2.6.1 Primary analysis 

 For aim 1, we conducted binary logistic regression. The dependent variable was the presence 

or absence (yes or no) of chronic TMD-related pain at 3-month of follow-up. The risk factor under 

study was fatigue (yes or no) and the putative confounders were acute-chronic pain status at 

baseline, age, sex, CPI, and psychological factors.  

 For aim 2, a binary logistic regression analysis was also performed to assess the relative risk 

of fatigue. The dependent variable was GCPS at 3-month of follow-up: 0-I (no dysfunction) vs 

and II-IV (dysfunction). The risk factor was fatigue (yes or no) or fatigue score (yes or no) and 

the putative baseline confounders dysfunction were acute-chronic pain status at baseline, age, sex, 

and psychological factors An interaction term was created with GCPS status at baseline and 

fatigue or fatigue score to determine whether this covariate modify the RR associated with fatigue.  

 In both analyses (Aims 1 and 2), the relative risk (RR) and their 95% confidence intervals 

(CI) were estimated. In the final multivariable models, we kept in the model fatigue, the covariates 

associated with the dependent variable, and the effect modifiers (interaction). The likelihood ratio 

test was used to assess the significance of the RR and the interactions in the model. All analyses 

were performed using the statistical software package SAS (SAS 9.4; SAS Institute, Cary, NC, 

US), with the significance level for type I error set at the 0.05 level. 

 

2.6.2 Secondary analysis 

 Interaction terms were created between fatigue and acute-chronic pain status and 

dysfunction status both at baseline, to determine whether fatigue’s risk depended on these 

covariates. The interaction term was retained in the model only if the significance level of the 

regression coefficient was equal to or lower than 0.10.  Further, the analyses were stratified by 
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pain duration (acute [≤ 3 months], chronic [> 3 months]) and dysfunction (no [GCPS I] and yes 

[II-IV]).  

 

3. Results 

3.1 Description of the baseline acute and chronic cohort defined by pain duration  

A total of 514 subjects were informed about the study. Of these, 10 refused to participate 

(lack of time and distress), and 50 were not eligible. Table 1 shows the baseline characteristics of 

acute and chronic TMD-related pain cohorts defined by duration.  From a total of 454 TMD-

related pain subjects recruited, 123 (27.09%) were included in the acute cohort (≤ 3 months) and 

331 (72.91%) in the chronic (> 3 months). The chronic cohort included a larger number of subjects 

with fatigue (48.34%) and females (78.32%) than the acute cohort (35.77%, P = 0.02, 69.40%, P 

= 0.04).  

From 454 subjects enrolled, 376 (82.28%) completed the 3-month follow-up. The chronic 

cohort included a larger number of subjects with fatigue (50.0%) than the acute cohort (34.31%, 

P = 0.007) (Table 2). 

From the acute TMD-related pain cohort including 102 subjects who completed the 3-month 

follow-up, 50.98% (n = 52) of subjects presented a transition to chronic TMD-related pain, and 

49.02% (n = 50) of subjects had no pain. From the 274 chronic TMD-related pain cohort, 75.91% 

(n = 208) subjects had persistent chronic TMD-related pain whereas 24.09% (n = 66) of subjects 

had no pain, at 3-month follow-up.   

Table 3 shows the baseline profile of subjects with (n = 260) and without chronic TMD-

related pain (n = 116) at a 3-month follow-up. Fatigue was present in 49.62% of the chronic TMD-

related pain subjects, and in 37.07% of the subjects without pain at 3-month follow-up (P = 0.02).  

3.1.1 Fatigue contribution to the transition and persistence of chronic TMD-related pain  
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Table 4 shows the findings of the binary logistic regression analyses. Fatigue at baseline 

was associated with the transition or persistence risk at 3-month follow-up (RR = 1.17, 95%CI: 

1.02-1.34, P = 0.02). When the model was adjusted by the covariates associated with the study 

outcome, fatigue RR was weaker and not significant (RR =1.01, P = 0.99).  

 

3.1.2 Secondary analyses  

No interaction was found between fatigue and acute and chronic TMD-related pain at 

baseline (P = 0.17). Furthermore, the stratified analyses showed that fatigue was not associated 

with the transition (RR = 1.22, 95%CI: 0.84-1.75, P = 0.28) and persistent (RR = 0.98, 95% CI: 

0.86-1.11, P = 0.78) risks.  

 

3.2 Acute and chronic cohort defined by dysfunction 

Table 5 shows baseline characteristics of cohorts with and without dysfunction. At baseline, 

fatigue was present in 50.0% of the dysfunction subjects, and in 33.33% of subjects without 

dysfunction (P = 0.001). The chronic cohort included a larger number of subjects with 

psychological symptoms (66.35%) than the acute cohort (47.73%, P = 0.0002). 

Table 6 exhibits a baseline profile of the no dysfunction and dysfunction cohorts who 

completed the 3-month follow-up. Fatigue was more common in the dysfunction cohort (50.38%) 

when compared to those without dysfunction (33.64%, P = 0.003). Psychological symptoms 

remained different between these cohorts that completed the follow-up (66.17% vs 51.40%, P = 

0.008). 

From the no dysfunction baseline cohort including 107 subjects who completed the 3-month 

follow-up, only eight (7.48%) presented a transition to chronic TMD-related pain defined by 

dysfunction, and 92.52% (n = 99) of subjects had no transition and remained with no dysfunction. 
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The dysfunction cohort (n = 266) displayed 90 (33.83%) subjects with the persistence of chronic 

TMD-related pain defined by dysfunction at a 3-month follow-up.   

Table 7 shows the baseline profile of cohorts of subjects with or without dysfunction at 3-

month follow-up. Fatigue remained to be more frequent among subjects with dysfunction 

(63.27%) compared to those without dysfunction (39.27%, P <.0001).  

 

3.2.1 Fatigue contributions to the transition and persistence of chronic TMD-related pain defined 

by dysfunction 

Table 8 displays the findings of the binary logistic regression analysis including 373 

subjects. Fatigue at baseline was associated with the transition or persistence risk based on 

dysfunction (RRcrude = 2.05, 95% CI: 1.44-2.94, P < .0001) and remained significant in the 

multivariable analysis (RRModelIII = 1.72, 95%CI: 1.21-2.44, P = 0.002) adjusted for dysfunction 

(RR = 4.07, P < .0001), acute and chronic pain status (RR = 1.27, P = 0.27), and sex (RR = 1.41, 

P = 0.12). Psychological factors and age were not included in the final multivariable model 

because they were not associated with chronic TMD-related pain and did not improve the precision 

of the model.  

 

3.2.2 Secondary analysis 

 No interaction was found between fatigue and dysfunction at baseline (P = 0.12). The 

stratified analysis demonstrated that fatigue was associated with increased risk of transition from 

acute to chronic TMD-related pain (RR = 5.92, 95% CI: 1.25-27.85, P = 0.02), and with the 

persistence of chronic pain (RR = 1.62, 95% CI: 1.14-2.30, P = 0.007). 
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Crude (RRcrude_analysis = 1.03. 95% CI: 1.02-1.05, P < .0001) and the multivariable analysis 

adjusted for acute and chronic pain status, sex, psychological factors and clinically significant pain 

and dysfunction at baseline (n = RRmultivariable model = 1.01. 95% CI: 1.00-1.03, P < .002) 

demonstrated that fatigue score was associated with an increased risk of transition and persistent 

at a 3-month follow-up. An interaction was found between fatigue score and dysfunction at 

baseline (P = 0.06), suggesting that the RR of fatigue score is modified by dysfunction at baseline. 

Based on stratification analyses, the fatigue score was also positively association with no 

dysfunction (RR = 1.02, 95% CI: 1.01-1.04, P < .0001) and with dysfunction (RR = 1.03, 95% 

CI: 1.01-1.03,  P < .0001), regardless of acute and chronic pain status at baseline and sex.  

 

There were no statistically significant differences between subjects who dropout (n = 78) 

and who did not (n = 376): fatigue (P = 0.45), acute to chronic (P = 0.97), dysfunction (P = 0.45), 

psychological factors (P =  0.18), age (P = 0.35), sex (P = 0.46), and CPI (P = 0.81).  

 

4. Discussion  

The primary finding of this prospective 3-month cohort study is that fatigue was associated 

with the risk of transition and persistent TMD-related pain, at a 3-month follow-up when chronic 

pain is defined by dysfunction (GCPS II-IV). Further, this association was not confounded by 

subjects’ age, sex, psychological symptoms, acute and chronic pain status and dysfunction at 

baseline (Table 8). Additionally, fatigue risk was not modified by the acute or chronic pain status 

risk. Finally, the risk of transition and persistence of chronic TMD-related pain was positively 

related to fatigue score. Fatigue, however, was not related to the transition from acute to chronic 

TMD-related pain risk when chronic pain is defined by pain duration (Table 4).  

A search of the literature revealed nil studies examined the contribution of fatigue on the 
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transition from acute to chronic TMD-related pain as well as its persistence.  

Chen et al. diagnosed 159 TMD-related pain patients using a modified version of the 

RDC/TMD criteria from the orofacial pain clinic and found 10% report having fatigue [3]. Dahan 

et al. in a cross-sectional study found a fatigue prevalence of 14.4% in their chronic myofascial 

TMD-related pain population [4]. In our study, fatigue was reported by 35.77% of the acute TMD-

related pain cohort, and 48.34% of the chronic cohort. These percentages of fatigue are close to 

those observed by Hoffmann et al. who surveyed 1511 TMD-related pain patients and found that 

42-43% reported having fatigue after the onset of TMD-related pain [9].  

We investigated if the risk would be confounded by the potential confounders such as age, 

sex, psychological factors (anxiety and depression), CPI, acute and chronic pain status, and 

dysfunction at baseline, on the fatigue’s risk. Our baseline findings show dysfunction (GCPS II-

IV) present in the chronic (n = 232, 72.96%) compared to acute (n= 86, 27.04%). Similar findings 

were found of dysfunction distribution among acute (n = 99, 26.54%) and chronic (n = 72, 73.46) 

at 3-month follow-up. This is consistent with findings from Garofalo et al. [8] showing 

dysfunction prevalence of more than 70% at baseline at 6-month follow-up. In this study, the mean 

CPI at baseline was also higher in individuals of chronic TMD-related pain at 6-month follow-up 

in comparison to those with CPI means of less than 15. The mean age and sex distribution of our 

subjects at baseline were similar to Garofalo et al. [8]. Garofalo et al. [8] also found that CPI of 

chronic TMD-related pain increased the risk of transition from acute to chronic pain at 6-month 

of follow-up. In addition, a borderline association risk was found with disability (GCPS III-IV) 

[8].  

Regardless, although causality cannot be evaluated due to the design of the present study, 

these findings raise the hypothesis that fatigue may contribute to a dysregulation of pain 
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modulatory systems involving central and peripheral sensitization that contribute to the transition 

and persistence of chronic pain defined by dysfunction [22]. 

 The findings of this study are strengthened by the strong methodology utilized and the 

characteristics of the study population. This is a prospective cohort study that ensures that the risk 

factors preceded the transition and persistence of chronic TMD-related pain. Prospective cohort 

studies are considered the gold standard of observational research [17]. Subjects were recruited 

from four different dental clinics, which decreased the chance of finding a positive association 

specific to a given hospital because of a referral pattern. Patients were diagnosed by four 

investigators following the same protocol to decrease misclassification. The questionnaires used 

are validated and have adequate specificity and sensitivity.  

  It is important to bear in mind that even though this study has several strengths, it also has 

a few limitations. First, the classification of acute and chronic TMD-related pain has been used 

differently among researchers. To avoid misclassification, we followed the IASP to classify 

chronic pain, which suggested more than 3 months. GCPS is a validated instrument that we used 

to classify subjects with or without dysfunction [24]. Second, a self-report method was used to 

collect data. This method might have some disadvantages such as, misunderstanding, 

exaggeration, and/or not remembering some details. Third, the acute cases sample size was not 

large enough to adequately study the transition from acute to chronic TMD-related pain. This is 

due to the difficulty of recruiting acute TMD patients due to COVID19 restrictions that were 

initiated on March 2019 closures. The known number of patients required to recruit enough 

eligible subjects for the study is not precise. We have conservatively estimated that 80% of patients 

who meet the criteria will be interested in the study to enable us to meet the sample size. The 

sample size for acute patients may have been close to achieving our power of analysis but yet was 
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smaller than planned (120 subjects versus 150 subjects). Therefore, type 2 error was introduced, 

where some results did not reach statistical significance although the hypothesized trend was 

evident. A larger sample size in the acute cohort may have strengthened the power to demonstrate 

the associations in this study. This study design also takes time and is conducted at high costs 

which may be a limitation to some researchers. Finally, a major disadvantage of this type of 

prospective cohort design is a loss of follow-up. A follow-up rate of 50-80% has been suggested 

as acceptable by different authors [7]. In our study, our dropout rate is 10.2%. No significant 

differences were found between subjects who dropout and did not.  

  This study has several clinical implications. We found that fatigue contributed to the risk 

of transition and persistence risk of chronic TMD-related pain when chronic pain is defined by 

dysfunction. Assessing the patient’s level of fatigue may be introduced into a comprehensive 

clinical exam protocol to aid in the management of TMD-related pain patients. It is critical to 

match the level of complexity of the case with the appropriate management program. For example, 

a patient reporting single comorbidity will be managed differently from a patient presenting with 

multiple comorbidities. The latter may require an interdisciplinary pain clinic setting that uses a 

team of clinicians to address different aspects of the problem in a concerted fashion. Failure to 

identify and to address the entire scope of the problem may lead to no improvement in pain or 

function, and further perpetuation of the problem.  

In conclusion, this prospective cohort study is the first study to reveal the contribution of 

fatigue on an increased risk of transition from acute to chronic pain and the persistence of chronic 

TMD-related pain at a 3-month follow-up when chronic pain is defined by dysfunction. Fatigue 

did not contribute to an increased risk of transition from acute to chronic, and the persistence of 

chronic TMD-related pain at a 3-month follow-up, when chronic pain was defined by duration. 
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This result suggests that fatigue assessment should be considered as part of the comprehensive 

clinical exam for TMD patients and that its management should be tested as potential management 

to prevent the transition and persistence of TMD-related pain.   
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Table 1. Baseline characteristics of acute and chronic TMD-related pain cohorts defined by duration 

 

 

 

  

 

 

 

Risk factor and covariates  

 

 

 

Category 

Acute cohort  

(≤ 3 months) 

n (%) 

Chronic cohort  

(> 3 months) 

n (%) 

P-value 123 (27.09) 331 (72.91) 

Fatigue, n (%) ≥ 36 44 (35.77) 160 (48.34) 0.02 

< 36 79 (64.23) 171 (51.66) 

Sex, n (%) Female 93 (69.40) 307 (78.32) 0.04 

Male 41 (30.60) 85 (21.65) 

Psychological factors, n (%) ≥ 3 69 (56.10) 206 (62.24) 0.23 

< 3 54 (43.90) 125 (37.76) 

Mean age, (95% CI) Years 31.70 (23.39-40.01) 32.62 (27.56-37.69) 0.85 

Mean CPI (95%CI) 0-100 NRS 57.44 (53.60-61.27) 57.37 (55.03-59.69) 0.97 

CPI = characteristic pain intensity, CI = confidence interval, NRS = numeric pain rating scale 

n = number of subjects, % = percentage 

Fatigue ≥ 36 = Yes, < 36 = No 

Psychological factors ≥ 3 = Yes, < 3 = No 
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Table 2. Baseline profile of the acute and chronic TMD-related pain cohorts who completed the 3-month follow-up 

 

  

Risk factor and covariates Category 

Acute cohort  

(≤ 3 months) 

n (%) 

Chronic cohort  

(> 3 months) 

n (%) 

Total 

n (%) 

P-value 102 (27.13) 274 (72.87) 376 

Fatigue, n (%) ≥ 36 35 (34.31) 137 (50.00) 172 (45.74) 0.007 

< 36 67 (65.69) 137 (50.00) 204 (54.26) 

Sex, n (%) Female 72 (70.59) 212 (77.37) 92 (24.47) 0.17 

Male 30 (29.41) 62 (22.63) 284 (75.53) 

Psychological factors, n (%) ≥ 3 58 (56.86) 175 (63.87) 233 (61.97) 0.21 

< 3 44 (43.14) 99 (36.13) 143 (38.03) 

Age (years) Mean,  

median, 

 SD 

42.64,  

39.0, 

 (16.11) 

41.57,  

39.00, 

(16.18) 

41.86, 

 39.00, 

(16.15) 

0.87 

CPI (0-100 NRS) Mean, 

 median, 

 SD 

57.43,  

56.67,  

(20.87) 

57.37,  

60.0,  

(21.69) 

57.36,  

60.0,  

(21.45) 

0.71 

CPI = characteristic pain intensity, SD = standard deviation, NRS = numeric pain rating scale 

n = number of subjects, % = percentage 

Fatigue ≥ 36 = Yes, < 36 = No 

Psychological factors ≥ 3 = Yes, < 3 = No 
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Table 3. Baseline profile of subjects with chronic TMD-related pain and those without pain at 3-month follow-up 

 

  

 

 

 

Risk factor and covariates Category 

Chronic TMD-

related pain 

n (%) 

No TMD-related 

pain 

n (%) 

P-value 260 (69.15) 116 (30.85) 

Fatigue, n (%) ≥ 36 129 (49.62) 43 (37.07) 0.02 

< 36 131 (50.38) 73 (62.93) 

Sex, n (%) Female 209 (80.38) 75 (64.66) 0.001 

Male 51 (19.62) 41 (35.34) 

Psychological factors, n (%) ≥ 3 165 (63.46) 68 (58.62) 0.37 

< 3 95 (36.54) 48 (41.38) 

Mean age, (95% CI) Years 34.23 (28.48-39.97) 30.17 (21.57-38.77) 0.44 

Mean CPI (95%CI) 0-100NRS 60.45 (57.89-63.00) 50.84 (47.00-54.67) <.0001 

CPI = characteristic pain intensity, CI = confidence interval, NRS = numeric pain rating scale 

n = number of subjects, % = percentage, Chronic > 3 months 

Fatigue ≥ 36 = Yes, < 36 = No 

Psychological factors ≥ 3 = Yes, < 3 = No 
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Table 4. Crude and multivariable logistic regression analyses assessing the contribution of fatigue on transition and persistent TMD-

related pain at 3-month follow-up 

Risk factor 

and covariates  

at baseline 

Category Model I 

RR (95% CI) 

P-Value Model II 

RR (95% CI) 

P-Value Model III 

RR (95% CI) 

P-Value 

Fatigue < 36 1.0 (reference) 0.02 1.0 (reference) 0.90 1.0 (reference) 0.99 

≥ 36 1.17 (1.02-1.34) 1.01 (0.89-1.14) 1.01 (0.86-1.10) 

Acute and 

chronic TMD-

related pain 

≤ 3 m 1.0 (reference) 0.0001 1.0 (reference) 0.0003 1.0 (reference) 0.0004 

> 3 m 1.49 (1.22-1.82) 1.45 (1.18-1.77) 1.44 (1.18-1.77) 

Mean CPI 

 

0-100 

NRS 

1.01 (1.00-1.01) 0.0001 1.00 (1.00-1.01) 0.003 1.01 (1.01-1.01) 0.003 

Sex Male 1.0 (reference) 0.005 1.0 (reference) 0.04 1.0 (reference) 0.03 

Female 1.33 (1.09-1.61) 1.23 (1.01-1.50) 1.24 (1.02-1.50) 

Mean Age Years 1.00 (0.99-1.00) 0.19 1.00 (0.99-1.00) 0.71 Not in the model 

Psychological 

factors 

< 3 1.0 (reference) 0.38 1.0 (reference) 0.68 Not in the model 

≥ 3 1.07 (0.92-1.22) 0.97 (0.86-1.10) 

RR= relative risk, m = months, CPI = characteristic pain intensity, NRS = numeric pain rating scale 

Acute ≤ 3 m, Chronic > 3 m 

Fatigue ≥ 36 = Yes, < 36 = No 

Model I = crude analysis, Model II = multivariable model including fatigue and all covariates 

Model III = multivariable model including fatigue and all covariates 

Psychological factors ≥ 3 = Yes, < 3 = No 
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Table 5. Baseline profile of the acute and chronic TMD-related pain cohorts defined by dysfunction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Risk factor and covariates Category 

No dysfunction 

(GCPS I) 

n (%) 

Dysfunction 

(GCPS II-IV) 

n (%) 

P-value 132 (29.33) 318 

Fatigue, n (%) ≥ 36 44 (33.33)  159 (50.00)  0.001 

< 36 88 (66.67) 159 (50.00) 

Sex, n (%) Female 98 (74.24) 245 (77.04) 0.52 

Male 34 (25.76) 73 (22.96) 

Psychological factors, n (%) ≥ 3 63 (47.73) 211 (66.35) 0.0002 

< 3 69 (52.27) 107 (33.65) 

Mean age, (95% CI) Years 39.78 (37.02, 42.53) 42.72 (40.95-44.50) 0.08 

Acute to chronic TMD pain 

defined by pain duration 

Acute  

(n = 121) 
35 (26.52) 86 (27.04) 

0.93 

Chronic  

(n = 329) 
97 (73.48) 232 (72.96) 

CI = confidence interval, n = number of subjects, % = percentage 

Fatigue ≥ 36 = Yes, < 36 = No 

Acute ≤ 3 m, Chronic > 3 m 

Psychological factors ≥ 3 = Yes, <3 = No 
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Table 6. Baseline profile of the no dysfunction and dysfunction cohorts who completed the 3-month follow-up 

 

 

 

 

 

 

  

 

 

 

Risk factor and covariates 

 

 

 

Category 

No dysfunction 

(GCPS I) 

n (%) 

Dysfunction 

 (GCPS II-IV) 

n (%) 

Total  

n (%) 

P-value 107 (28.69) 266 (71.31) 373 

Fatigue, n (%) ≥ 36 36 (33.64) 134 (50.38) 170 (45.58) 0.003 

< 36 71 (66.36) 132 (49.62) 203 (54.42) 

Sex, n (%) Female 80 (74.77) 201 (75.56) 281 (75.34) 0.87 

Male 27 (25.23) 65 (24.44) 92 (24.66) 

Psychological factors, n (%) ≥ 3 55 (51.40) 176 (66.17) 231 (61.93) 0.008 

< 3 52 (48.60) 90 (33.83) 142 (38.07) 

Age (years) Mean,  

median,  

(SD) 

39.92,  

36.00, 

 (16.90) 

43.22,  

41.00,  

(16.05) 

42.27, 

 40.00,  

(16.35) 

0.81 

Acute to chronic TMD pain 

defined by pain duration, n (%) 

Acute 27 (27.27) 72 (72.73) 99 (26.54) 0.72 

Chronic 80 (21.45) 194 (70.80) 274 (73.46) 

SD = standard deviation, n = number of subjects, % = percentage 

Fatigue ≥ 36 = Yes, < 36 = No 

Acute ≤ 3 months, Chronic > 3 months 
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Table 7. Baseline profile of cohorts without or with dysfunction at 3-month follow-up 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Risk factor and covariates Category 

No dysfunction 

(GCPS I) 

n (%) 

Dysfunction 

(GCPS II-IV) 

n (%) 

P-value 275 (73.73)  98 (26.27)  

Fatigue, n (%) ≥ 36 108 (39.27) 62 (63.27)  < .0001 

< 36 167 (60.73) 36 (36.73) 

Sex, n (%) Female 201 (73.09) 80 (81.63) 0.09 

Male 74 (26.91) 18 (18.37) 

Psychological factors, n (%) ≥ 3 159 (57.82) 72 (73.47) 0.006 

< 3 116 (42.18) 26 (26.53) 

Age (years) Mean,  

median,  

(SD)  

40.12,  

37.00, 

(16.94) 

43.51,  

42.00, 

(16.06) 

0.98 

Acute to chronic TMD pain 

defined by pain duration, n (%) 

Acute (99) 79 (21.18) 20 (20.41) 0.11 

Chronic (274) 196 (21.27) 78 (79.59) 

SD = standard deviation, n = number of subjects, % = percentage 

Fatigue ≥ 36 = Yes, < 36 = No 

Acute ≤ 3 months, Chronic > 3 months 
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Table 8. Crude and multivariable logistic regression analyses assessing the contribution of fatigue on the transition to chronic TMD-

related pain based on dysfunction at 3-month follow-up using GCPS 

 

Risk factors and 

covariates at 

baseline 

Category Model I 

RR (95% CI) 

P-Value Model II 

RR (95% CI) 

P-Value Model III 

RR (95% CI) 

P-Value 

Fatigue < 36 1.0 (reference) <.0001 1.0 (reference) 0.008 1.0 (reference) 0.002 

≥ 36 2.05 (1.44-2.94) 1.62 (1.13-2.33) 1.72 (1.21-2.44) 

Acute and chronic 

TMD-related pain  

≤ 3 m 1.0 (reference) <.0001 1.0 (reference) 0.28 1.0 (reference) 0.27 

> 3 m 2.49 (1.59-3.88) 1.25 (0.82-1.91) 1.27 (0.83-1.94) 

Dysfunction No 1.0 (reference) <.0001 1.0 (reference) <.0001 1.0 (reference) <.0001 

Yes 4.52 (2.27-8.99) 4.03 (2.02-8.02) 4.07 (2.05-8.10) 

Sex Male 1.0 (reference) 0.10 1.0 (reference) 0.11 1.0 (reference) 0.12 

Female 1.45 (0.92-2.29) 1.43 (0.92-2.21) 1.41 (0.91-2.18) 

Mean age Years 1.00 (0.99-1.01) 0.98 0.99 (0.98-1.01) 0.42 Not in the model 

Psychological factors < 3 1.0 (reference) 0.008 1.0 (reference) 0.25 Not in the model 

≥ 3 1.70 (1.14-2.53) 1.25 (0.85-1.85) 

RR = relative risk, m = months 

Fatigue ≥ 36 = Yes, < 36 = No, Acute ≤ 3 m, Chronic > 3 m 

Model I = crude analysis, Model II = multivariable model including fatigue and covariates 

Model III = multivariable model including fatigue and covariates  

Dysfunction is characterized by a combination of an average of 5 or greater over the three pain questions and pain related disability 
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8.1  Rationale 

Sleep disorders show high comorbidity with TMDs.22, 104 Smith et al. found that the majority 

of people with a TMD met the criteria for at least one sleep disorder, and insomnia was associated 

with increased pain sensitivity.29 TMD-related pain patients often report poorer sleep quality, longer 

sleep latency, and lower sleep efficiency.105, 106 Self-reported OSA was also associated with a 

chronic TMD in the OPPERA study.107 Sleep and pain are likely reciprocally related, such that sleep 

disturbance may be not only a consequence but also a risk factor for TMDs. Indeed, the OPPERA 

findings showed that reduced sleep quality and OSA were pre-existing risk factors for TMD onset.23 

Dahan et al. in a cross-sectional study found a fatigue prevalence of  14.4% among chronic TMD-

related pain population.96 Nevertheless, the relationship between fatigue, sleep disorders and the 

transition from acute to chronic TMD-related pain and its’ persistence is unclear. Therefore, 

additional research is necessary to understand the contribution of insomnia, OSA and fatigue on the 

transition and the persistence of chronic TMD-related pain when chronic pain is defined by (i) 

duration or (ii) dysfunction. The rationale to define chronic pain based on pain duration and 

dysfunction is described below. First, the International Association for the Study of Pain (IASP) 

defines chronic pain as recurrent or persistent pain lasting for more than 3 months.40, 41 Second, 

IASP states that chronic pain is associated with significant disability.41 Therefore, chronic TMD-

related pain was defined as a dysfunction state consisting of clinically significant pain and 

disability.42  
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8.2 Summary of research findings 

The findings of this prospective 3-month cohort study is the first to reveal the contribution of 

fatigue on an increased risk of transition from acute to chronic pain and the persistence of chronic 

TMD-related pain at a 3-month follow-up when chronic pain is defined by dysfunction. Fatigue did 

not contribute to an increased risk of transition from acute to chronic, and the persistence of chronic 

TMD-related pain at a 3-month follow-up, when chronic pain was defined by duration. Our findings 

also showed borderline associations between OSA and the transition or persistent risk when chronic 

pain was defined by pain duration and dysfunction. OSA was associated with increased risk of 

persistent chronic TMD-related pain defined by dysfunction. Insomnia was not related to the study 

outcomes.  

The frequency of OSA in our chronic TMD-related pain cohort was slightly higher than that 

found in other studies (Table 1). In the OPPERA study, almost 6% of TMD subjects presented OSA 

assessed by three questions from the Pittsburgh Sleep Quality Index, and four questions from the 

STOP-BANG.23 Polysomnography OSA prevalence among individuals with chronic TMD-related 

pain was 28.4%.29 Furthermore, the prevalence of TMD is higher among patients with OSA referred 

for oral appliance therapy.24   

Insomnia frequency assessed by polysomnography was 36% (n = 52) among subjects with 

chronic TMD-related pain.29 Barjandi et al.108 found that insomnia was prevalent among individuals 

with myalgia (31.3%) and myofascial pain with a referral (69.1%). Our estimated frequency of 

insomnia was close to myalgia findings (Tables 1-2). Two studies found that the prevalence of 

fatigue was 10%26-14.4%.96 In our study, fatigue prevalence was close to those obtained by 

Hoffmann et al. who surveyed 1511 TMD-related pain patients and found that 42-43% reported 

having fatigue after the onset of TMD-related pain.27 A possible explanation for the variation in 
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prevalence percentages is the use of different screening questionnaires in different study 

populations. 

  We investigated if the risk would be confounded by the potential confounders such as age, 

sex, psychological factors (anxiety and depression), CPI, acute and chronic pain status, and 

dysfunction at baseline. Our baseline findings show dysfunction (GCPS II-IV) present in the chronic 

(70.7%) compared to acute (71.1%). This is consistent with findings from Garofalo et al.67 showing 

dysfunction prevalence of  more than 70% at baseline and at 6-month follow-up.  

  The mean age of chronic in the Garofalo67 study in years was 36.0 for chronic cohort (n= 87) 

and 33.7 for nonchronic (n = 66). In our study, 32.62 (n=331) for the chronic and 31.70 acute 

(n=123) cohort. Females were also more common in the Garofalo study when compared to males 

in both chronic (74.7% vs. 25.3%) and nonchronic (59.1% vs. 40.9%) groups. Although the findings 

were not significant, but they were of similar pattern to our findings.  In our study, females were 

common in the chronic (73.32% vs. 21.65%) and in acute (69.40% vs. 30.60%) when compared to 

males.   

In the Garofalo et al. study,67 out of 164 acute TMD-related pain cohorts recruited at baseline, 

153 (93.3%) completed the 6-month follow-up, and 87 (56.9%) developed chronic TMD-related 

pain. In the first Epker et al. study,68 from 204 acute cohorts, 175 (85.8%) completed the follow-up, 

and 144 (82.3%) developed chronic TMD.  Our study is similar to Garofalo but less than Epker, in 

which from the acute TMD-related pain cohort including 102 subjects who completed the 3-month 

follow-up, 50.98% (n = 52/260) of subjects presented a transition to chronic TMD-related pain, and 

49.02% (n = 50/116) of subjects had no pain. The difference in percentages might be due to the 

difference in pain duration and study population.    
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8.3 Mechanism of Temporomandibular Disorders-related pain 

Regardless, although causality cannot be evaluated due to the design of the present study, 

these findings raise the hypothesis that OSA and fatigue may contribute to a dysregulation of pain 

modulatory systems involving central and peripheral sensitization that contribute to the transition 

and persistence of chronic pain defined by dysfunction.112 

Often enough we think that pain is proportional to the amount of incoming peripheral 

nociceptive drive dye to injury or inflammation from the site of injury or inflammation. This is not 

the case with many chronic case patients who are experiencing pain with no obvious sign of 

peripheral injury. On the other hand, there are patients who have a peripheral injury or inflammation 

at a location with little or no pain. This leaves us pondering what makes some patients experience 

intense pain with minimal peripheral nociceptive stimulation and others experience minimal pain 

with peripheral injury. It is increasingly well accepted in the scientific community that pain can be 

generated and/or maintained and/or suppressed and/or exacerbated by changes in the central 

nervous system through higher level processes involving mismatch between peripheral nociceptive 

drive and perceived pain. TMD-related pain can occur in individuals peripherally or to those whose 

pain is generated and/or maintained and/or suppressed and/or exacerbated by central nervous system 

mechanisms. It has been suggested that variability in TMD-related pain etiology has prevented us 

from adequately treating many individuals who are diagnosed with this condition. Therefore, 

understanding each person’s pain from its own mechanistic standpoint will enable us to deliver 

personalized care to TMD patients and hopefully provide some relief to complex chronic cases that 

are more challenging to treat.  

It is imperative to understand that TMD is a family of symptoms characterized mainly by pain 

in the temporomandibular joint (TMJ) and/or surrounding muscles and structures. In many patients 
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diagnosed with TMD, their pain involves more than pathology in the TMJ and/or associated 

structures. Comorbid pain is very common and 53% of TMD patients report severe 

headache/migraines, 54% had neck pain, 62% joint pain, and 64% low back pain while only 17% 

report pain specific to face and jaw.113  

The most common comorbid pain conditions observed among TMD patients are fibromyalgia, 

migraine headache, and neck and back pain. The definition of comorbidities is a “concurrent 

existence and occurrence of two or more medically diagnosed diseases in the same individual”.33 

Many studies found that TMD-related pain patients frequently report pain at sites other than the 

masticatory system.30, 114-118 Patients may report the pain persisting for longer periods of time due 

to the presence of multiple comorbidities. Even though, the specific mechanism to explain the 

persistence of TMD-related pain is not clearly understood, and some researchers suggest that it 

involves the central and peripheral nervous systems.119, 120   

A growing body of evidence is demonstrating that central sensitization represents a common 

pathophysiological mechanism for comorbid conditions such as TMD and chronic fatigue 

syndrome.121 These conditions share many common features including pain, fatigue, sleep 

difficulties and psychological disturbances.122 Younus suggests that central sensitization includes 

TMD, chronic fatigue, fibromyalgia, chronic headaches, and myofascial pain among others.122 

Central sensitization is characterized by allodynia, hyperalgesia, expansion of the receptive field, 

and usually prolonged pain after stimulus has been removed.122 The proposed process is complex 

and includes dysregulation in both ascending and descending central nervous system pathways as a 

result of acute physical trauma and sustained pain impulses and dysfunction of the stress system, 

including the hypothalamic-pituitary-adrenal axis.122, 123 Stress and psychological disturbances are 

theorized to lead to intracellular central nervous system changes and progression of central 
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sensitization.124 Evidence of this process in myofascial TMD-related pain has been demonstrated 

by reduced subjective pain thresholds in female patients compared to pain-free controls to various 

stimuli such as electrical, pressure, cold and heat.125, 126 Neural abnormalities in the trigeminal and 

limbic systems have been observed in women with chronic myofascial TMD-related pain.127  

 
 

8.4 Bias 

 Bias is a systematic error which could occur in any epidemiological study, and lead to 

incorrect observations regarding the association between exposure and outcome. To ensure that a 

study has internal validity, careful consideration must be given to selecting participants, measuring 

potential predictors, confounders, and outcomes as well as performing the statistical analyses. In 

the following paragraphs, we discuss some types of biases that might occur in studies of this nature. 

 

8.4.1 Selection bias 

  Selection bias refers to any error that arises in the process of identifying and recruiting the 

study populations.109 In this prospective cohort study design, participants were identified from four 

different locations to minimize the chance of selection bias which may lead to a positive association 

as a result of a referral pattern. The dropout is one of the most important causes of selection bias in 

cohort study design. In this study, the dropout was low (10.2%). Further, we found no difference 

between subjects who dropped out and who did not. These indicated that the chance of selection 

bias associated with dropout is very low.  

 

 

 

8.4.2 Information bias 
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Information bias is a systematic error that may occur during the measurement of exposures or 

outcomes or during the classification of participants in a study.109 In this cohort study, subjects were 

diagnosed by four investigators following the same protocol to decrease misclassification. Further, 

the questionnaires used are validated and have adequate specificity and sensitivity to decrease 

information bias.42, 93, 98  

 

8.4.3 Confounding 

 This situation arises when a measure of association or relationship between exposure and 

outcome is distorted by the presence of another variable. Confounding is the mixing of effects 

between an exposure, outcome, and another extraneous variable (confounder) which leads to 

incorrect observations or results since the relationship.110 Positive confounding (when the observed 

association is biased away from the null) and negative confounding (when the observed association 

is biased toward the null) may both occur. In our study, we adjusted for all potential confounders in 

the analysis stage of this study using multivariable regression analysis.  

 

8.5 Project strengths and limitations 

 The findings of this study are strengthened by the strong methodology utilized and the 

characteristics of the study population. This is a 3-month prospective cohort study which ensures 

that the risk factors preceded the transition of chronic TMD-related pain. Prospective cohort studies 

are considered the gold standard of observational research.111 Subjects were recruited from four 

different dental clinics, which decreased the chance of finding a positive association specific to a 

given hospital because of a referral pattern. Patients were diagnosed by four investigators following 

the same protocol to decrease misclassification. The questionnaires used are validated and have 

adequate specificity and sensitivity.  
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  The classification of acute and chronic TMD-related pain has been used differently among 

researchers which poses a limitation. We followed the IASP to classify chronic pain (> 3 months) 

and used GCPS42 to classify those subjects with or without dysfunction, to avoid misclassification. 

The acute cases sample size was not large enough due to the difficulty of recruiting acute TMD 

patients due to COVID19 restrictions that were initiated on March 2019 closures. We have 

conservatively estimated that 80% of patients who meet the criteria would be interested in the study 

to enable us to meet the sample size. It is possible that larger sample size in the acute cohort could 

have strengthened the power. In our study, our dropout rate is 10.2%. No significant differences 

were found between subjects who dropped out and those who did not. Additionally, the stratified 

analysis for insomnia had a lower sample size which was a limitation for this study.  

 

8.6 Future research directions 

  This study has several clinical implications. We found that OSA and fatigue contributed to 

the risk of transition and persistence risk of chronic TMD-related pain when chronic pain. Assessing 

the patient’s level of OSA and fatigue may be introduced into a comprehensive clinical exam 

protocol to aid in the management of TMD-related pain patients. It is possible that fatigue and OSA 

are characteristics of a certain type of personality which may contribute to less responsiveness of 

treatment or continuation of pain that has psychological element. Therefore, they could be more 

consequence of particular personality than causal factors for pain continuation. It is critical to match 

the level of complexity of the case with the appropriate management program. For example, a 

patient reporting single comorbidity will be managed differently from a patient presenting with 

multiple comorbidities. The latter may require an interdisciplinary pain clinic setting that uses a 

team of clinicians to address different aspects of the problem in a concerted fashion. Failure to 
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identify and to address the entire scope of the problem may lead to no improvement in pain or 

function, and further perpetuation of the problem.  

 

9 CONCLUSIONS 

In conclusion, this prospective cohort study is the first study to reveal the contribution of 

insomnia, OSA, and fatigue on the transition from acute to chronic pain and the persistence of 

chronic TMD-related pain at a 3-month follow-up when chronic pain is defined by duration and 

dysfunction. Fatigue increased transition and the persistence pain risk at a 3-month follow-up when 

chronic pain is defined by dysfunction contrary to duration. OSA also contributed to the transition 

from acute to chronic TMD-related pain as well as the persistence at a 3-month follow-up when 

chronic pain was defined by duration and dysfunction. This increased risk appeared to be specific 

to the persistence of chronic TMD-related pain status. We found that this increase remained when 

the model was adjusted by the covariates associated with the study outcome. These results suggest 

that screening for OSA and fatigue should be incorporated into the dentists’ comprehensive clinical 

exam, and their management should be tested to prevent the transition and persistence of TMD-

related pain.   
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