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ABSTRACT 

 

Objectives: The primary aims of this study were to determine if: i) TMD-related pain was 

associated with migraine and musculoskeletal comorbidities; and ii) persistent or recurrent 

TMD-related pain were related to these comorbidities.  

Methods: Data from 750 TMD-related pain cases ï of which 477 were classified as persistent 

and 261 as recurrent TMD-related pain, and 146 controls ï were obtained from the National 

Institute of Dental and Craniofacial Researchôs Temporomandibular Joint Implant Registry and 

Repository (NIDCRôs TIRR). The diagnosis of TMD-related pain was determined by clinical 

examination using a modified Craniomandibular Index wherein the exam items were redesigned 

to conform to those specified for the Research Diagnostic Criteria. Controls were participants 

without TMD. Patterns of pain (i.e., persistent or recurrent) and comorbidities were assessed 

using questionnaires from the TIRR. Painful comorbidities include migraine and musculoskeletal 

conditions. Univariate and multivariable logistic regression analyses were used to investigate the 

associations between TMD-related pain and painful comorbidities.  

Results: There was a significant difference in the mean age of TMD-related pain cases 

(mean = 41.9, SD = 14.7) and of controls (mean = 34.2, SD = 13.8, P < .0001). Females were 

significantly more prevalent among cases (89%) than among controls (66%, P < .0001). The 

mean pain intensity (0 - 10 NRS) in the last 6 months was significantly higher for persistent 

(mean = 7.8, SD = 2.6) as compared to recurrent (mean = 6.3, SD = 2.7, P < 0.001) TMD-related 

pain. In multivariable logistic analyses adjusted by age, gender, and psychological comorbidities, 

migraine (OR = 2.19, P = 0.004), neck pain (OR = 7.44, P < .0001), back pain (OR = 4.45, P < 

.0001) and fibromyalgia (OR = 4.80, P = 0.03) were associated with TMD-related pain. 

Furthermore, neck and back pains remained related to TMD-related pain, persistent or recurrent, 

when the model included the painful comorbidities, with the exception of migraine. Finally, 

persistent TMD-related pain cases were more likely to have fibromyalgia (OR = 1.92, P = 0.01) 

than the recurrent cases.  

Conclusion: These results demonstrated that participants with musculoskeletal painful 

conditions were more likely to have TMD-related pain, regardless of TMD characteristics such 

as recurrent and persistent TMD-related pain. A significant difference was nonetheless noted on 

the odds of fibromyalgia between persistent and recurrent TMD-related pain. Finally, the 

association with migraine seems to be modified by the manifestation of other comorbid 

conditions and type of TMD-related pain as compared to other painful comorbidities. To our 

knowledge, this study is the first to assess the association between painful comorbid conditions 

and TMD-related pain (persistent or recurrent) regardless of occurrence of other painful 

comorbid conditions. Understanding the relationship between TMD-related pain with painful 

comorbid conditions will lead to better patient management using a multidisciplinary approach.  
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RÉSUMÉ 

 

Objectif : Les principaux objectifs de cette étude étaient de déterminer si: i) la douleur liée au 

troubles de lôarticulation temporomandibulaire (TMD) était associée à la migraine et les 

comorbidités musculo-squelettiques, et ii) la douleur persistante ou récurrente liée aux TAT était 

associée à ces comorbidités 

Méthode: Les données de 750 cas de douleur liée aux TMD ï dont 477 furent classés comme 

ayant de la douleur persistante et 261 comme ayant de la douleur récurrente liée aux TMD, ainsi 

que 146 contrôles ï ont été obtenus à partir du Temporomandibular Joint Implant Registry and 

Repository  de la National Institute of Dental and Craniofacial Research (la TIRR de la 

NIDCR). Le diagnostic de douleur liée au TMD a été déterminé par un examen clinique en 

utilisant un indice craniomandibulaire modifiée, où les questions de l`examen furent modifiées 

afin d`être conformes à celles spécifiées par le Research Diagnostic Criteria. Les contrôles 

étaient des participants sans TMD. Les modèles de la douleur (i.e. persistante ou récurrente) et 

les comorbidités ont été évalués au moyen de questionnaires de la TIRR. Les comorbidités 

douloureuses comprennent la migraine et les troubles musculo-squelettiques. Des analyses de 

régression logistique univariée et multivariée ont été utilisés pour étudier les associations entre la 

douleur liée aux TMD et les comorbidités douloureuses. 

Résultats: Il y avait une différence significative dans l'âge moyen des cas de douleur liée aux 

TMD (moyenne = 41,9 , SD = 14,7) et des contrôles (moyenne = 34,2 , SD = 13,8 , P < 0,0001) . 

Les femmes étaient significativement plus fréquentes parmis les cas (89 %) que parmis les 

contrôles (66 % , p < 0,0001) . L̀intensité de douleur (0 - 10 NRS) dans les 6 derniers mois était 

significativement plus élevée pour la douleur persistante (moyenne = 7,8 , SD = 2,6) que pour la 

douleur récurrente (moyenne = 6.3 , SD = 2,7 , p <0,001) liée aux TMD. Dans des analyses 

logistique multivariée ajusté selon l'âge , le sexe et les comorbidités psychologiques, la migraine 

(OR = 2,19 , P = 0,004) , les douleurs au cou (OR = 7.44 , P < 0,0001) , les maux de dos (OR = 

4,45 , P < 0,0001) et la fibromyalgie (OR = 4,80 , P = 0,03) étaient associés à la douleur liée aux  

TMD . En outre, les maux de cou et de dos restèrent associés à la douleur liée aux TMD, 

persistante ou récurrente, lorsque le modèle inclut les comorbidités douloureuses, sauf la 

migraine. Enfin, les cas de douleur persistantes liée aux TMD étaient plus susceptibles d'avoir 

une fibromyalgie (OR = 1,92 , P = 0,01) que les cas récurrents. 

Conclusion: Ces résultats démontrent que les participants souffrant de pathologies musculo-

squelettiques étaient plus susceptibles d'avoir des douleurs liées aux TMD, indépendamment des 

caractéristiques de leurs TMD, tels que la douleur récurrente et persistante liée aux TMD. 

Cependant, l'association de la migraine semble être modifié par la manifestation d'autres 

comorbidités et le type de douleur liée aux TMD liées comparés à d'autres comorbidités 

douloureuses. Comprendre la relation entre la douleur liée aux TMD et les conditions 

douloureuses comorbides conduira à une meilleure gestion des patients en utilisant une approche 

multidisciplinaire. 
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PREFACE 

 

This thesis has followed a manuscript based thesis style. As per McGill University 

standards, the manuscripts included in thesis should be logically-coherent and should have a unified 

theme. The manuscript in this thesis discusses a novel project on the impact of painful comorbidities 

associated with the persistence and recurrence of temporomandibular disorder-related pain. 

Following a concise introduction of the topic in the first chapter, the second chapter provides 

previous and current knowledge in the field of temporomandibular disorder pain. Chapter three 

proposes the objectives of study based on knowledge provided by the literature. Following a 

comprehensive discussion of the methodology in chapter four, a manuscript is presented. Finally the 

last chapter discusses the methodological considerations and conclusion of the study.  

Multiple authors have contributed in the this thesis work; explicit appreciation of each authorós 

contribution is mentioned in the following section.  
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1. INTRODUCTION 
 

Temporomandibular muscle and joint disorders (TMJD) are the second most commonly 

occurring musculoskeletal disorders (after chronic back pain) resulting in pain and disability (1). 

Studies have estimated that 5 to 10% of the population is affected by TMD-related pain (2, 3). A 

TMD-related pain sufferer frequently visits multiple healthcare providers in search of a cure or 

effective management of their persistent or recurrent pain. Some individuals seeking treatment 

for TMD will progress to chronic pain with significant disability and impact on their life (4). 

Multiple studies have found that TMD-related pain participants often report painful 

conditions at sites other than the masticatory system (e.g., migraine, neck pain, back pain and 

fibromyalgia) (5-11). Furthermore, prospective cohort studies show that patients with painful 

comorbidities were more likely to present persistent TMD-related pain than those without (9, 12, 

13). Rammelsberg et al. demonstrated that the number of palpation sites (extra oral and body 

sites) was a significant predictor of persistent TMD versus remitted (OR = 1.81; 95% CI: 1.00 ï 

3.29, P = 0.05), and recurrent (OR = 1.18; 95% CI: 1.03 ï 1.35, P = 0.02) versus persistent TMD 

(14). The specific mechanisms implicated in the co-occurrence of TMD and comorbidity is not 

clear but has been suggested that patients with comorbid conditions present dysregulation in 

multiple systems (15). 

The aim of this thesis was to assess the association between painful comorbidities and 

TMD-related pain. More specifically, our primary aim was to determine if: i) TMD-related pain 

was associated with migraine and musculoskeletal comorbidities; and ii) Persistent or recurrent 

TMD-related pain was related to these comorbidities. Our general hypothesis is that participants 
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with painful comorbidities were more likely to have: persistent than recurrent TMD-related pain; 

and more severe pain.  
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2. LITERATURE REVIEW 

 

2.1.1 Temporomandibular Disorders 

Temporomandibular Disorder (TMD) is a collective term used to describe 

musculoskeletal conditions characterized by pain in the muscle of mastication, the 

temporomandibular joint, or both (16).  TMD-related pain is characterized by pain in the jaw, 

temple, ear and face and is often altered by jaw function. The most common signs include 

tenderness in the muscles and/or TMJs upon palpation, pain with jaw range of motion, joint 

clicking, and/or limitation of the jaw opening (17). TMDs are the second most commonly 

occurring musculoskeletal disorders (after chronic back pain) resulting in pain and disability (1). 

The prevalence of TMD-related pain ranges between 5 to 10% (2, 3), declining after 45-50 years 

and being more common among females (2-18%) than males (0-10%) (18, 19). The female-to-

male gender prevalence ratio ranges from 1.2 to 2.6 (18). One half to two-thirds of people with 

TMD will seek treatment and approximately 15% of them will develop chronic TMD (1).    

 

2.2   Epidemiology of Temporomandibular Disorders 

2.2.1 Prevalence of Temporomandibular disorders-related pain  

Point and period prevalence of TMD-related pain are summarized in Table 2-1. Point 

prevalence is measured at a single point in time for each patient. Period prevalence is a measure 

of the proportion of people in a population that were present at any time during a specified 

period of time. It is used when it is difficult to determine if a disease is present or not in a 

population (20). 
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A study among a random sample of 677 Canadian adults between 18-65 years of age 

(67.7% response rate) reported an overall prevalence of 5.5% and 7.5%, respectively, when 

assessing pain in TMJ while opening mouth and chewing (21). 

In a survey (Von Korff et al.) among a random sample of 1,016 (80% participation rate) 

patients from health maintenance organization (HMO) in Seattle, USA, 12% of participants 

reported experiencing pain in the muscles of the face, joint in front of the ear, and jaw in the past 

6 months. The estimated prevalence of such pain was higher among females (15%) as compared 

to males (8%) (22).  

It was also estimated that one in five individuals (point prevalence = 21%) reported pain 

during jaw movement in a survey carried out in 1993 (De Kanter et al.), among a random sample 

of 3,468 (1,653 males and 1,815 females) Dutch individuals (52% participation rate). This 

prevalence was also higher among females as compared to males (23).  

A random-digit dialing survey conducted in Quebec, Canada (Goulet et al.), including 

897 individuals (64% participation rate), found that 30% of the participants reported having at 

least one episode of pain in the masticatory muscles and jaw joints. Furthermore, this survey 

estimated that the point prevalence was found lower with increasing age (55+) and highest 

among ages 25-54 years (24).  

Another random-digit dialing survey performed in New York metropolitan area (Janal et 

al.) among 19,586 (60% participation rate) women (18-75 years) demonstrated that 

approximately 10% of the individuals reported pain in face or in front of the jaw, in the past six 

months. In the same survey, 782 (39% participation rate) women received clinical examination 

according to RDC/TMD. Of those approximately 11% reported pain in the jaw and face. 

Although the prevalence rates were similar between telephone survey and clinical examination in 
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this study, a low concordance was found between the two rates in this study (sensitivity = 

42.7%) (3). 

Approximately 5% of individuals reported facial ache or pain in the jaw muscles or the 

joint in front of the ear, during the past 3 months, in a 2008 population-based survey (Isong et 

al.) including 30,978 subjects (17,498 females and 13,480 males) from National Health Institute 

Survey (NHIS), with 79% participation rate. The prevalence was higher among women (6.3%) as 

compared to males (2.8%). Furthermore, non-Hispanic white women (6.7%) had a higher 

prevalence as compared to non-Hispanic black women (5.1%) (2). 

A recent OPPERA cohort study conducted in 2011 (Slade et al.) among 3,263 individuals 

found that women in the 35-44 years age group reported the highest prevalence (7.1%) of TMD-

related pain as compared to the 18-24 years age group (3.5%). However, the overall prevalence 

for all population was not estimated (25).  

A number of early studies also investigated the prevalence of TMD-related pain. A study 

conducted among Lapps of Northern Finland (Helkimo et al.) found that the estimated 

prevalence of TMD-related pain (facial or jaw pain) was 10% in males and 14% in females. The 

highest prevalence was within the age group of 35-44 years old (26). Similarly, in a sample of 

young women in Sweden (Mohlin et al.) the prevalence of pain in the facial muscles or 

temporomandibular joint was 6% (27).  
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Table 2-1. Prevalence of Temporomandibular Disorder Pain   

Author/Year Study 

design 

Sample size Disease 

Definition 

Age range Assessment Prevalence (%) 

Von Korff et al., 

(1988) 

Cohort 1,016 Orofacial Pain 

and Jaw pain 

18-75 Symptom 

Checklist 

12 

De Kanter et al., 

(1993) 

Survey 4,496 Jaw Pain 15-74 Clinical 

Examination 

21 

Goulet et al., 

(1995) 

Survey 897 TMD pain 18+ Telephone 

Survey/ 

Questionnaire 

30 

Janal et al., (2008) Survey 782 Myofacial TMD 18-75 Telephone 

Survey/Clinical 

Examination 

10.5 

Isong et al., 

(2008) 

Survey 30,987 Myofacial TMD - Self-reported 4.6 

Slade et al., 

(2011) 

Cohort 3,263 TMD pain 35-44 RDC/TMD 7.1 
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2.2.2 Incidence of Temporomandibular Disorders  

Incidence by definition is the fraction or proportion of a group initially free of the 

condition that develops it over a given period of time (20). In epidemiology, there are two types 

of incidence; cumulative incidence and incidence rate. Cumulative proportion is a measure of 

disease frequency in a specified period of time divided by the size of general population at risk, 

whereas, the incidence rate is the number of new cases of disease during a period of time divided 

by the person-time-at-risk throughout the observation period. The denominator for incidence rate 

changes as individuals originally at risk develop the disease during the observation period, and 

are removed from the denominator (28). 

A few studies have estimated the incidence of TMD-related pain (Table 2-2). A cohort 

study (Von Korff et al.) including 1,016 HMO enrolees (15% drop-out rate) aged 18-65 and 

evaluating 5 pain conditions (back pain, severe headache, chest pain, abdominal pain and TMD-

related pain), found that the estimated cumulative incidence of TMD-related pain was 

approximately 2% (29). 

Another longitudinal cohort study conducted in 2007 (Nilsson et al.) among 2,255 

participating (10% drop-out rate) Swedish adolescents (aged 13-19) over three years found an 

annual incidence of 2.9%. The incidence of TMD-related pain was higher among girls (4.5%) in 

comparison to boys (1.3%) (30). 

In 2013, Slade et al. carried out a cohort study among 2,737 individuals from a 

community in the USA, demonstrating that the cumulative incidence in this study was 

approximately 4%, whereas, dropout rates of the participants were not provided. However, this 

annual incidence increased from 2.5% per annum (age group 18-24 years) to 4.5% per annum 



 

8 

 

(age group 35-44 years) with increasing age. Furthermore, females (hazard ratio = 1.30) also had 

a slightly higher incidence of TMD-related pain than males (31). 

 

 

Table 2-2. Incidence of Temporomandibular Disorder Pain 

Author Study design Sample size Disease 

Definition 

Annual incidence % 

Von Korff et al., 

1993 

Cohort 1,016 TMD pain 2.2 

Nilsson et al., 2007 Cohort 

 

2,255 TMD pain 2.9 

Slade et al., 

2013 

Cohort 2,737 TMD pain 3.9 

 

  



 

9 

 

2.3 Classification of Temporomandibular Disorders 

To classify any disease or disorder, a classification system is formed for accurate 

diagnoses. Many classifications have been proposed for TMDs including Helkimoôs Index, 

Symptom Severity Index (SSI), Craniomandibular Index (CMI) and Research Diagnostic Criteria 

for Temporomandibular Disorders (RDC/TMD). In this study we will discuss the most recent 

classification systems i.e. CMI and RDC/TMD.   

 

2.3.1 Research Diagnostic Criteria for Temporomandibular Disorders 

This classification was first developed by Dworkin et al. to achieve greater reliability and 

minimal variability in research and clinical settings (32). A characteristic feature of RDC/TMD 

is its dual-axis approach, which withholds clinical examination (Axis I) as well as psychological 

assessment and pain-related disability (Axis II) of the TMD subject. The Axis I of the RDC 

divides TMD into three subgroups i.e. Group I (muscle disorders), Group II (disc displacements) 

and Group III (joint diseases).  

Group I TMDs have been further classified into myofascial pain (I.a) and myofascial pain 

with limited opening (I.b). Myofascial pain is characterized by pain in the muscles of mastication 

or pain on palpation in at least 3 sites, with one of them at least on the same side as the reported 

pain. Myofascial pain with limited opening is characterized by pain in the mandibular region 

and/or muscles of mastication with limitations in mandibular range of motion such as pain-free 

unassisted opening of < 40 mm and passive stretch of Ó 5 mm. 

Group II TMDs (disc displacement) are further classified into three subtypes as 

follow: a) disc displacement with reduction (II.a), where the joint is pain-free, produce a clicking 

sound on excursion with either opening or closing and/or clicking eliminated on protrusive 
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movement, b) disc displacement without reduction with limited opening (II.b), characterized by 

absence of TMJ clicking, and/or painful unassisted opening of Ò 35mm and passive stretch of Ò 

4mm, and c) disc displacement without reduction without limited opening (II.c), characterized by 

painful unassisted opening (> 35mm and passive stretch > 4mm) with contralateral excursion of 

more than 7 mm. 

Group III TMDs are characterized by other common joint diseases. The diseases include 

joint a) arthralgia (III.a), defined as pain in the joint without crepitus, b) osteoarthritis (III.b), 

characterized by pain in the joint with crepitus, and c) osteoarthrosis (III.c), defined as pain-free 

joint with crepitus. 

 

2.3.1.1 Validity and Reliability of RDC/TMD  

The main aim of every study is to report results that are deemed to be valid. If a research 

study fails to achieve validity, it is unable to provide results that are accurate and reliable. 

Validity is defined as the degree to which a study accurately exhibits what the research question 

aims to measure, and elucidates the accuracy of the measurement, corresponding to the true state 

of the phenomenon (28). Types of validity are as follows: 

Content validity is defined as the extent to which a specific method of measurement 

comprises the entire dimension one intends to measure, excluding the rest. Construct validity in 

contrast refers to the extent to which a measurement is related in a coherent way and corresponds 

to theoretical concepts concerning the phenomenon under study. Lastly, criterion validity reflects 

the extent that the measurements predict a directly observable phenomenon.  However, reliability 

instead refers to reproducibility and precision of the instrument by a different group of people at 

a different time and place (28, 33). 
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RDC/TMD has been widely studied for its reliability, and has subsequently shown 

appropriate results. A study by John et al. determined the reliability of clinical TMD diagnoses 

using standardized methods and operational definitions contained in the RDC; 230 subjects were 

recruited for this study which involved 30 clinical examiners at ten different international clinical 

centres. The assessment of reliability was conducted through the calculation of Interclass 

Correlation Coefficient (ICC). Results reported in the study demonstrated fair to good reliability 

for myofascial pain with or without limited opening with a median ICC of 0.51 and 0.60. 

Moreover, the median ICC for arthralgia was reported to be 0.47 and 0.61 for disc displacement 

with reduction. Improvement in the median ICC was observed (0.72), when the diagnoses were 

grouped into pain and non-pain. Due to low prevalence of disc displacement without reduction, 

osteoarthritis and osteoarthrosis the ICC could not be calculated and reported in this study (34).  

Similarly, another study (Look et al.) reported reliability of the RDC/TMD to be good to 

excellent for the diagnosis of myofascial pain and myofascial pain with limited opening (kappa 

(k) > 0.75). When groups were evaluated discretely, the score was reported to be good for 

myofascial pain (k = 0.62), myofascial pain with limited opening (k = 0.58), disc displacement 

with reduction (k = 0.63), disc displacement without reduction with limited opening (k = 0.62), 

arthralgia (k = 0.55) and combined (arthralgia and osteoarthritis) (k = 0.59). Moreover, the 

results showed poor to slightly fair (k = 0.31 ï 0.43) score for disc displacement without 

reduction without limited opening and osteoarthrosis (35). 

A study (Schiffman et al.) carried out to establish validated Axis I RDC/TMD included 

614 cases diagnosed as TMD and 91 controls. Target validity was set at Ó 0.70 for sensitivity and 

Ó 0.95 for specificity. The results from this revised study concluded that sufficient sensitivity and 

specificity scores (i.e. exceeding target levels) were achieved for myofascial pain (0.65, 0.92), 
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and myofascial pain with limited opening (0.79, 0.92), respectively. After combining group I 

diagnoses, target sensitivity and specificity were observed at 0.87 and 0.98, respectively. 

However, for group II and group III diagnoses the sensitivity and specificity remained low. 

Similarly, acceptable sensitivity (ranging from 0.03 ï 0.53) and specificity (ranging from 0.86 ï 

0.99) were observed for joint pain (0.92, 0.96), as well as for disc displacement without 

reduction with limited opening (0.80, 0.97). For group III (osteoarthritis and osteoarthrosis), 

sensitivity and specificity were reported to be lower (0.35 ï 0.53) than the target levels (36). 

However, more studies need to be carried out to continuously improve the quality of diagnostic 

criteria (37). 

As such, a recent study (Schiffman et al.) in 2014 proposed a modified version of 

RDC/TMD currently known as DC/TMD. This recommended evidence-based new DC/TMD has 

been well-thought-out and is suitable for both clinical and research settings. In this study 

acceptable sensitivity and specificity were observed for myalgia (0.90, 0.99), myofascial pain 

with referral (0.86, 0.98), arthralgia (0.89, 0.98) and headaches attributed to TMD (0.89, 0.87). 

However, low to moderate sensitivity and specificity were observed for disc displacement with 

reduction (0.34, 0.92), disc displacement with reduction with intermittent locking (0.38, 0.98), 

disc displacement without reduction with limited opening (0.80, 0.97), disc displacement without 

reduction without limited opening (0.54, 0.79) and degenerative disease (0.55, 0.61) (38). 

 

2.3.2 Craniomandibular Index   

 Craniomandibular Index (CMI) was first introduced in 1986 by Fricton et al. This 

diagnostic criterion for the TMD was introduced for epidemiological studies to provide a 

standardized measure of severity of limitations of mandibular movement, TMJ sounds, and 
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muscle and joint tenderness. Moreover, this criterion was also based on clinical examination, 

objective criteria and its related scoring (39). 

The CMI was divided into subcategories such as Dysfunction Index and Palpation Index. 

Calculation of Dysfunction Index was based on examination of functional TMJ-related problems, 

whereas, Palpation Index is calculated by adding the score of tenderness on palpation of the 

muscles of mastication and the TMJ capsule (39, 40). 

A number of studies have been conducted for validating the use of CMI. A study 

conducted in 1987 (Fricton et al.) demonstrated that the validity of CMI was fairly accurate to be 

used in the clinical studies; however, precautions should be taken by the examiners in order to 

ensure accuracy and reproducibility of results (40). A few items in the CMI demand a single 

examiner ï unaware of the patientôs status ï to rate the score. In cases where multiple examiners 

are involved, a thorough discussion regarding all items and scoring prior to the beginning of the 

study, as well as the use of a pressure algometer for muscle palpation, are recommended.. These 

strict recommendations ensuring accuracy have resulted in a lack of popularity towards the CMI  

in clinical patient care (Clarke et al. 1993).  

Another study (Pehling et al.) evaluated the criterion validity on the basis of CMI. The 

agreement between the two indices for measurement of TMD severity was highly significant, 

with an ICC = 0.97 (P < .001) and a mean CMI score of 0.26 (SD = 0.19) among 12 patients, 

whereas, the mean score was 0.26 (SD = 0.18) (41). 

 

2.3.3 TMD -related pain characteristics 

It has been demonstrated in studies with 5-year outcome that TMD-related pain tends to 

persist in about 30% of the patients (13, 42). The International Association for the Study of Pain 
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(IASP) defines chronic pain as ñpain without apparent biological value that has persisted beyond 

the normal tissue healing time (usually taken to be 3 months)ò (43). This chronic pain is also 

classified as persistent or recurrent pain. Persistent pain is synonymous with constant pain, 

whereas recurrent pain is explained as intermittent in nature, recurring at intervals. The definition 

of persistent and recurrent is a subject to controversy, as there is no valid definition of persistent 

or recurrent TMD-related pain. Prevalence of persistent pain ranges from 29 to 31% and 

recurrent TMD-related pain ranges from 36 to 71% among a population of TMD-related pain 

patients (13).  

The specific mechanisms implicated in the recurrence or persistence of TMD-related pain 

are still unclear. Theories on the mechanism of chronic TMD-related pain are controversial, 

ranging from peripheral causes (such as trauma), to central mechanisms (such as depression, 

catastrophizing, and genetic predisposition to central sensitization), or a combination of 

peripheral and central theories (44).  

 

2.4 Aetiology of Temporomandibular Disorder Pain 

Multiple studies have demonstrated that the aetiology of TMD-related pain is 

multifactorial (45, 46) involving complex mechanisms such as, emotional-affective system, 

cognition, pain behaviour and environmental factors (47).  

The term biopsychosocial was first introduced by Engel et al., and it integrates biological, 

psychological, and social factors. This idea included not only the disorder but also illness that 

surrounds the disorder (48). The biopsychosocial model is closely related to the 

multidimensional model which is categorized by biologically-induced disorder with illness.  
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Furthermore, Dworkin and LeResche presented a comprehensive biopsychosocial model 

of chronic pain development and experience to deeply understand TMD-related pain. The model 

presented integrated multilevel factors, which play a role at different stages of pain development. 

Furthermore, this model explained the variability in the individual expression of subjective pain 

experience and pain behaviour. It also explains the dynamic nature of intrinsic and extrinsic 

intrapersonal factors. Intrinsic factors include nociception, pain perception, and pain appraisal, 

whereas, the extrinsic factors include behaviour pain responses, social aspects of pain, and the 

health care system. This was one of the first models to show how these aforementioned factors 

can enhance or, diminish and how the change in the pain perception and behaviour leads to 

chronic TMD-related pain. Dworkin and LeResche developed a Research Diagnostic Criteria of 

TMD for the systematic assessment of TMD-related pain after the development of this model 

(32).  

Following evidence from the biopsychosocial model explained by Dworkin et al., a new 

model was proposed (49). This model suggests that TMD risk (onset and persistence) is 

influenced by phenotype risk factors such as psychological distress and pain amplification (e.g. 

pro-inflammatory states, impaired pain regulation, cardiovascular function, and neuroendocrine 

function) as noted in various health conditions. These conditions have abnormal amplification 

due to dysfunction in the central nervous system (50) (Figure 2-1). This abnormal amplification 

in the peripheral stimuli plays a key role without any known injury, leading to functional pain. 

This type of pain is characterized by painful comorbidities such as fibromyalgia, chronic neck 

and shoulder pain, headaches, widespread pain or generalized hypersensitivity (51). 

Over the years a variety of contributing factors have been suggested for TMD-related 

pain. These putative risk factors and comorbidities will be explained in the following section.  
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Figure 2-1. Model showing phenotypes: psychological distress and pain amplification that contributes to the onset and 

persistence of TMD-related pain (Maixner, Diatchenko et al. 2011). Reproduced with permissions. 

 

2.5 Putative Risk Factors for Temporomandibular Disorders  

Risk factors are defined as the characteristics associated with an increased risk of 

becoming diseased (20). A risk factor always precedes the onset of disease outcome. Well-

known risk factors for TMD-related pain include gender, bruxism (i.e. clenching), trauma and , 

psychological factors. In this section, several studies with an overview of risk factors of TMD-

related pain are discussed.  
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2.5.1 Gender 

Data from several studies suggest that symptoms related to TMD-related pain are more 

common among females in comparison to males. There is no scientific evidence as to why TMD-

related pain is more common among females. According to the present literature, it could be due 

to the treatment-based seeking behavior of females (52). A study conducted in 1996 (Wanman et 

al.) demonstrated that men tend to recover faster compared to women. Furthermore, longer 

duration of TMD-related pain symptoms is perhaps the central reason for females to seek 

treatment more than males (53).  

A survey conducted in 2011 (Sander et al.) including 3,954 individuals reported a 

difference of prevalence in males and females. In this survey, the symptoms of TMD-related pain 

were significantly higher in females (12.6%) as compared to males (7.5%) (54).  

Similarly, a retrospective cross-sectional study (Schmid-Schwap et al.) among 502 

patients found a higher visual analog score (VAS) pain scores and pain on palpation (masticatory 

muscles) among females in comparison to males. This study also reported a significantly lower 

degree of mouth opening in females (P < 0.001). There was, moreover, an inverse association 

found between perceived distress and symptoms of TMD-related pain in females (P < 0.001) 

(55). 

Myofascial pain disorder symptoms were higher among females (54%, n = 62) than 

males (56) in a cohort study (Dougall et al.) including 207 subjects. It was found that females 

seek treatment for TMD-related pain more than males (57) in previous studies among females 

who developed TMD-related pain at the age of 17 (n = 25) and who were still untreated (92%, n 

= 23) at the age of 28, compared to males who developed TMD-related pain and remained 

untreated (28%, n = 5) at the age of 28. 
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2.5.2 Bruxism 

Bruxism is a diurnal or nocturnal tooth contact parafunctional activity, characterized by 

clenching and grinding (58). Nocturnal bruxism while sleeping is regarded as sleep bruxism 

(SB). The prevalence estimate of bruxism ranges from 4% to 8% (59-62). Bruxism and its 

association with TMD-related pain are considered a debatable topic to date. The results of some 

of these studies are discussed in the following section. 

A case-control study (Marbach et al.) observed that frequency clenching or grinding was 

comparable among 151 participants with TMD-related pain and 139 volunteers. These results 

were in concordance with Cacchiotti et al., where the frequency of clenching or grinding was not 

significantly different between 41 patients with TMD-related pain and 40 dental students. In 

these studies bruxism was assessed with questionnaires (63, 64). 

Another case-control study (Huang et al.) including 97 subjects with only myofascial 

pain, 20 with only arthralgia, 157 with both myofascial pain and arthralgia, and 195 controls 

without TMD, found that clenching was associated with myofascial pain alone (OR = 4.8), and 

myofascial pain along with arthralgia (OR = 3.3). Oral habits and clenching were assessed using 

questionnaires (65). 

These results are in agreement with another case-control study (Velly et al.) among 83 

patients with myofascial pain and 100 controls, which also demonstrated that clenching was 

related to myofascial pain. More specifically, this study showed that clenching-grinding 

(OR = 8.40; 95% CI: 2.74 ï 25.73), and clenching only (OR = 2.54; 95% CI: 1.10 ï 5.58) were 

strongly related to chronic myofascial pain. In this study bruxism was assessed by questionnaires 

(66).  The results from these case-control studies are in agreement with cohort studies. 
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A prospective-cohort study (Ohrbach et al.) including 2,737 subjects, demonstrated that 

oral parafunctions, assessed by the oral behaviors checklist, increases the risk of TMD-related 

pain (RR = 1.14, 95% CI: 1.00 ï 1.31) (67).  

SB was associated with myofascial pain (OR = 5.93, 95% CI: 3.19 ï 11.02) in a case-

control study (Fernandes et al.) including 272 patients in a university-based clinic, wherein 

diagnosis of SB was in accordance with validated clinical diagnostic criteria proposed by 

American Academy of Sleep Medicine (68). The results of this study agree with those of a 

previous study conducted in 1992 (Goulet et al.), which demonstrated a positive effect between 

bruxism and TMD-related pain.  

However, another case-control study (Raphael et al.) among 124 women with myofascial 

TMD-related pain who experienced SB, and 46 controls found no significant difference among 

cases (9.7%) and controls (10.9%). In this study, SB was recorded by polysomnographic 

methods (69).  

 

2.5.3 Trauma 

Any force exceeding the normal functional loading and affecting the joint is described as 

trauma. It can be categorized as direct or indirect, depending on the nature of the force. Direct 

traumas are defined as isolated force to the structure, such as over-stretching, compression or 

dental extraction, whereas indirect trauma is defined as sudden blow without having a direct 

contact to the structures, such as whiplash injuries (58).  

Trauma to the temporomandibular joint is also considered one of the risk factors for 

TMD-related pain. There are a few studies which provide associations to direct and indirect 

trauma such as whiplash injuries. The latter are usually caused by motor vehicle accidents, in 
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which the cervical portion of the vertebral column is flexed beyond its extent and ruptures or 

tears certain ligaments in the neck. The pain usually arises months after the incident.  

Nineteen patients with whiplash injury after a motor vehicle accident, and 20 age-gender 

matched controls with ankle injury assessed in a prospective cohort study (Kasch et al.) 

demonstrated that there are no significant differences between whiplash injuries and ankle 

injuries in relation to  the development of TMD-related pain. The subjects were examined within 

four weeks of the incident and after 6 months, using McGill Pain Questionnaire (MPQ) and VAS 

(0-100) for pain assessment (Kasch, Hjorth et al. 2002).  

A retrospective-cohort study (Huang et al.) among 34,491 HMO enrolees showed that 

subjects with facial trauma and third molar removal were 2 to 3 times more likely to have TMD-

related pain (70). Similarly, a case-control study (Velly et al.), evaluating the contributing factors 

to chronic myofascial pain found that the patients with a history of head and neck trauma were 

more likely to have myofascial pain (OR = 2.08; CI: 1.03 ï 4.40) (66).  

Another retrospective cross-sectional study (Plesh et al.) including 778 individuals 

demonstrated a statistically significant relationship between the frequency and intensity of pain 

in the patients who underwent surgery (71).  

 

2.5.4 Psychological Factors 

Evidence suggests that some of the TMD-related pain patients experience more 

psychological comorbidities compared to healthy individuals (72-75). Patients with TMDs have 

been found to have psychological and behavioural characteristics similar to patients with other 

comorbid pain conditions (58). Stress, anxiety and depression are common among individuals 

https://mail.google.com/mail/?ui=2&view=bsp&ver=ohhl4rw8mbn4#139d7a55f1c857aa__ENREF_17
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with TMD-related pain, and as such, higher levels of stress (76, 77), anxiety (77), and depression 

(76, 78) are noted among them.  

A survey conducted in 2010 (Wirz et al.) including 1,767 individuals with orofacial pain 

(e.g. TMD) found that 30% of these patients reported psychological comorbidities (i.e. emotional 

distress, anxiety and depression) (79). Similarly, another survey (n = 2,299 individuals) 

demonstrated that orofacial pain (e.g. TMD) subjects were more likely to report higher levels of 

anxiety (OR = 3.5, 95% CI: 2.4 ï 5.1) and depression (OR = 4.6, 95% CI: 2.9 ï 7.2) than 

controls (80). 

A case-control study (Huang et al.) among 261 subjects with myofascial pain 

demonstrated that individuals with higher levels of somatization were more likely to have 

myofascial pain and arthralgia (OR = 5.1, 95% CI: 2.9 ï 8.9) than myofascial pain alone 

(OR = 3.7, 95% CI: 2.0 ï 6.9); the instrument used to assess psychological comorbidities was 

Symptom Checklist 90-Revised (SCL-90R) (65). 

Similarly, Velly et al.ôs case-control study conducted with 83 cases and 100 controls 

demonstrated that myofascial pain patients were more likely to have anxiety (OR = 5.1; 95% CI: 

1.4 ï 19.4) and depression (OR= 3.5, 95% CI: 1.1-11.5) compared to controls. This study also 

used SCL-90 for the assessment of psychological comorbidities (66). 

A recent case-control study (Fillingim et al.) including 1,633 controls and 185 TMD pain 

cases showed that participants with TMD-related pain were more likely to have higher levels of 

anxiety, stress and depression as compared to controls (81). The psychological comorbidities 

were measured with SCL-90R, Perceived Stress Scale (PSS) and State-Trait Anxiety Inventory 

(STAI). Furthermore, a 5 year cohort study (Fillingim et al.) among 2,737 participants 

demonstrated that subjects exposed to psychological comorbidities (e.g. depression, anxiety and 
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stress) were almost 1.3 times more likely to develop TMD-related pain ï SLC-90R, PSS and 

STAI were used to assess these psychological comorbidities  (82). 

Individuals with higher levels of anxiety were almost 3 times more likely to have chronic 

orofacial pain than subjects who had lower levels (RR = 2.8, 95% CI: 1.3 ï 6.2) in a model 

adjusted by age, gender and the presence of widespread pain, according to a cohort study 

including 1,329 individuals; Hospital Anxiety and Depression scale and Health Anxiety 

Questionnaire were used to assess psychological comorbidities (83).  

Furthermore, another cohort study including 171 individuals showed that those with 

depression (incidence density ratio [IDR] = 3.2, 95% CI: 1.5 ï 6.7) and perceived stress 

(IDR = 2.6, 95% CI: 1.2 ï 5.5) had a higher risk to develop TMD-related pain. In this study the 

instruments used to assess psychological comorbidities were Brief Symptom Inventory (BSI), 

PSS and STAI (84).  

 

2.6 Painful Comorbidities and Temporomandibular Disorder Pain 

Comorbidities are defined as a ñconcurrent existence and occurrence of two or more 

medically diagnosed diseases in the same individualò (85). Scientific evidence suggests that 

TMD-related pain coexists with painful comorbid conditions. Multiple studies have found that 

TMD-related pain participants often report painful conditions at sites other than the masticatory 

system (e.g., migraine, fibromyalgia, back pain and neck pain) (5-11). Several studies noted that 

the prevalence of comorbid pain conditions were higher among women than men (86-88). 

Moreover, Hispanics (OR = 1.6, 95% CI: 1.2 ï 1.6) and Blacks (OR = 1.4, 95% CI: 1.3 ï 1.8) 

were also more likely than non-Hispanic whites to report comorbid pain conditions (87). This 

section will explain each of these comorbid pain conditions. 
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2.6.1 Migraine   

Headaches are defined as pain or ache in the head, more specifically the pain arising 

above the orbito-meatus line of the head, which begins from the canthus of the eye to the 

external auditory meatus. Migraine affects 10-14% of the general population, with females 

experiencing migraines more often than males (89-91). Migraine is common among TMD-

related pain patients (92-96). The International Headache Society (IHS) diagnostic criteria for 

migraine (97) and the Research Diagnostic Criteria (RDC)/TMD (98) denote significant overlap 

including headache, peri-cranial tenderness, and chronicity. Both TMD-related pain and 

migraine are mediated by trigeminal nerve/ganglion and characterized by pain in the head and/or 

face, peri-cranial tenderness and are more common in women (89-91, 99-101).  

Multiple cross-sectional and case-control studies have shown that individuals with TMD-

related pain were almost 2 to 9 times more likely to have headache than controls (87, 102-106).  

A case-control study conducted in 2011 (Anderson et al.) including 86 subjects with 

painful TMD, 309 painful TMD subjects with headaches, and 149 subjects without painful TMD 

or headaches, demonstrated that TMD-related pain patients with headaches were more likely to 

have severe TMD-related pain. In this study ICDH-II tension-type headache criteria was used for 

the assessment of headaches (107). 

Macfarlane et al.ôs case-control study conducted among 1,981 participants found that 

young adults with headache once or twice a month (OR = 2.1, 95% CI: 1.2 ï 3.7) or at least once 

a week (OR = 3.7, 95% CI: 1.6 ï 8.4) had an increased risk of orofacial pain (76). In addition, a 

cohort study (LeResche et al.) including 1,996 participants demonstrated that for adolescents 

with headache, the risk of developing TMD-related pain was 2.7 times (95% CI: 1.6 ï 4.4) that 
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of  those without headaches.  Children were asked if they ever had headaches in the past year 

(108) in this study. 

A nested case-control study using questionnaires to assess headaches among 280 

participants found an increased odds of incidence of headaches among those who had TMD-

related pain and spinal pain (OR = 5.2, 95% CI: 2.0 ï 13.7) (109).  

 

2.6.2 Musculoskeletal Comorbidities 

2.6.2.1 Fibromyalgia 

Fibromyalgia is a musculoskeletal pain condition, characterized by widespread pain in 

the body with fatigue, cognitive dysfunction and somatic symptoms (110, 111).  In the new 

guidelines proposed by the ACR (American College of Rheumatology), the former tender point 

tests are being replaced with Widespread Pain Index (WPI) and Symptom Severity (SS). Current 

diagnostic criteria for fibromyalgia require the following conditions to be met 1) WPI is Ó 5 and 

SS is Ó 7, or if the WPI is 3-6 with SS Ó 9; 2) if the pain symptoms persists more than three 

months, and 3) no other disorder that could explain the pain (111, 112).  

Fibromyalgia usually affects young or middle aged females in comparison to males (113-

115). In the general population, the prevalence of fibromyalgia ranges from 2-4% (113, 116, 

117). Furthermore, many of the patients with fibromyalgia and widespread pain exhibit TMD-

related pain (12, 118-120). 

A cohort study (LeResche et al.) including 1,996 adolescents (boys and girls) 

demonstrated that subjects with pain conditions elsewhere in the body had 2 times the risk of 

developing TMD-related pain within the next 3 years (OR = 3.2, 95% CI: 1.7 ï 6.1) compared to 
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those without these pain conditions. In this study pain conditions elsewhere in the body were 

classified using questionnaires (108).   

Aggarwal et al. demonstrated that widespread pain and fibromyalgia increased the risk of 

orofacial pain in a cohort study including 1,735 subjects, where widespread pain predicted the 

onset of orofacial pain (RR = 4.0, 95% CI: 2.2 ï 7.4). Chronic widespread pain was classified 

using American College of Rheumatology guidelines (83). 

A cohort study (John et al.) including 397 participants showed that among women 

without dysfunctional TMD-related pain at baseline, widespread pain was a risk factor for 

development of TMD-related pain (OR = 1.9, 95% CI 1.2 ï 2.8, P = 0.003). In this study, graded 

chronic pain was used for the assessment of pain (12). 

Velly et al. conducted a cohort study in 2010 among 485 participants, demonstrating that 

baseline widespread pain (OR: 2.53, P = 0.04) was related to the onset of clinically significant 

TMD-related pain; chronic widespread pain was classified using American College of 

Rheumatology guidelines (9). 

 

2.6.2.2 Back and Neck pain  

Multiple studies have reported that neck and back pain symptoms are commonly reported 

by individuals with TMD-related pain (16% to 93%) (5, 87, 103, 121-123). Several cross-

sectional and case-control studies demonstrated that subjects with TMD-related pain are 3 to 5  

times more likely to have back pain compared to individuals without TMD-related pain (87, 103, 

106). Moreover, participants with TMD-related pain are also more likely to report neck pain 

(OR = 4.0 ï 7.9) (87, 106). 

A nested case-control study including 1,981 participants found that adults with intermittent 
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(OR= 3.6; 95% CI: 2.2-5.9) and frequent (OR= 5.3; 95%CI: 2.5-11.3) neck pain were more 

likely to have orofacial pain. Similarly, participants with back pain were also 3 times more likely 

to have orofacial pain. In this study neck and back pain were assessed using questionnaires (76).  

Another nested case-control study that assessed back pain among 280 dental students using 

a questionnaire, demonstrated that students with spinal pain were at a greater risk of developing 

TMD-related pain compared to those without spinal pain (OR= 2.9; 95% CI: 1.3-6.2). It also 

showed that females with spinal pain were almost 5 times more likely to develop TMD-related 

pain (109).  

Adolescents who were exposed to back pain had an increased likelihood of TMD-related 

pain compared to the unexposed group (OR = 3.9, 95% CI: 2.2ï6.8) in a prospective-cohort 

study  conducted among 1,981 individuals (108). 

Furthermore, a matched case-control study, including 96 cases with long-term back pain 

and 192 controls found that back pain cases were 7 times more likely (95% CI: 3.9ï13.7) to have 

TMD compared to controls (124).  
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3. STUDY OBJECTIVES 

 

The general aim of this project was to assess the association between painful 

comorbidities and TMD-related pain. More specifically, our primary aim was to determine if:  

 

i) TMD-related pain was associated with migraine and musculoskeletal comorbidities. 

 

ii)  Persistent or recurrent TMD-related pain was related to painful comorbidities.  

 

iii)  Participants with painful comorbidities were more likely to have: persistent than 

recurrent TMD-related pain; and more severe pain.  
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4. METHODOLOGY 

 

In this chapter, ethics, study design, study population, data collection and statistical 

analyses used to assess the study objectives of the manuscript, will be explained in detail.  

 

4.1 Ethics 

The protocol of the study was approved by the research ethics committee of the 

University of Minnesota, Minneapolis, USA prior to the start of the study. All subjects were 

given thorough explanations regarding their participation, and signed a consent form. A second 

protocol of the study was approved by the research ethics committee of the Jewish General 

Hospital, Montreal, Canada, where the database was kept on a secured computer and used for 

analysis in this study. 

 

4.2 Study design 

A case-control analysis was used in this study. Case-control study is a type of 

observational analytic epidemiologic investigation that compares the frequency of exposure 

(painful comorbidities) between subjects who developed the disease (TMD-related pain), and 

those without the disease (without TMD). Controls were chosen to reflect the frequency of 

exposure in the underlying population at risk, from which the cases arose. This design has many 

advantages 1) it is quick and cost-effective in comparison to other study designs, 2) it allows 

identification of associated factors with disease having low incidence, and 3) multiple risk 

factors can be examined for a single disease (125).  
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However, case-control studies are subject to certain types of bias such as selection and 

information bias. It is more difficult to establish causality because as exposure (painful 

comorbidities) and the outcome are collected at the same time, as it is more difficult to establish 

if the risk factor preceded the onset of disease. Biases related with case-control design will be 

explained in detail in the discussion chapter.  

 

4.3 National Institute of Dental and Craniofacial Researchôs Temporomandibular Joint 

Implant Registry and Repository  

 TMD-related pain cases and controls in this study were selected from the National 

Institute of Dental and Craniofacial Researchôs Temporomandibular Joint Implant Registry and 

Repository (NIDCRôs TIRR). This database is located in Minneapolis, Minnesota, United States 

of America. NIDCRôs TIRR maintains extensive clinical information, which includes TMD 

sings and symptoms, medical findings, laboratory data, radiographs, demographics, specific 

surgical and implant data, and dental records (126). 

 

4.4 Study population 

TMD-related pain patients and controls were selected from the National Institute of 

Dental and Craniofacial Researchôs Temporomandibular Joint Implant Registry and Repository 

(NIDCRôs TIRR). These participants were recruited between 2003 and 2011 from many regions 

of the United States. All subjects who agreed to participate signed a consent form and were given 

thorough explanations about their participation prior to initiation of the study, by the researchers. 
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4.4.1 Inclusion and Exclusion criteria 

Inclusion criteria of this study are as follow: 1) participants able to understand English 

language, as all the questionnaires used in this study were in English, and 2) all participants must 

be 18 years of age or above. Subjects with rare diseases such as Tuberculosis, Liver Diseases, 

Hepatitis, Parkinsonôs disease, Multiple Sclerosis, Sickle Cell Anemia, Sexually Transmitted 

Disease, and Human Immunodeficiency Virus were excluded from the study. 

 

4.4.2 TMD -related pain cases 

 In this study the CMI/RDC examinations were performed by calibrated examiners at the 

University of Minnesota Oral Health Research Center as described elsewhere (9) (Clinical 

examination form in Appendix). Calibrated examiners from the NIDCRôs TIRR defined cases on 

the basis of their clinical evaluation, and the presence of TMD-related pain such as 1) pain or 

ache in the jaw, preauricular area, or inside the ear, or pain during opening or 2) pain reported by 

the subject in response to palpation of the following muscles: posterior temporalis, middle 

temporalis, anterior temporalis, origin of masseter, body of masseter, insertion of masseter, 

posterior mandibular region, submandibular region, lateral pterygoid area, and tendon of the 

temporalis.  

 

4.4.3 Controls Selection 

 Controls were selected from the NIDCRôs TIRR dental clinics as appropriate comparison 

groups. They received the same clinical examination as reported (section 4.4.2). Controls were 

subjects; who visited clinics for any problem except TMD-related pain. Controls were selected 
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from the NIDCRôs TIRR clinics not to represent the TMD-related pain-free population, but who 

are at risk to develop TMD-related pain.  

 In every case control-study the selection of controls is considered one of the most critical 

steps in the study. Those selected in our study were categorized as clinical controls. Selection of 

controls from the clinics has certain advantages; these subjects are more cooperative and the 

information gathered from them is less likely to be affected by recall bias compared to 

population controls. Recruiting clinical controls is more convenient and costs less in comparison 

to those picked from the population. Finally, the controls in this study were recruited from the 

same database as the cases ï this strategy meant that the controls in our study could possibly 

have a similar exposure status (painful comorbidities) as our TMD-related pain cases.  

 

4.5 Assessment and Data Collection  

 The instrument used in this study to assess exposure or characteristic of interest (painful 

comorbidities) was NIDCRôs TIRRs medical questionnaire (Appendix).   

 

4.5.1 Putative Exposure  

To measure putative exposure (painful comorbidities), all patients completed a detailed 

questionnaire which assessed a number of painful comorbidities (Questionnaire in the 

Appendix). From this list, the painful comorbidities selected were: migraine and musculoskeletal 

comorbidities (i.e. fibromyalgia, back pain and neck pain). 
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4.5.2 Outcome variables 

The outcome variable for this study was the diagnosis of TMD-related pain (see section 

4.4.2). Patients were further classified into TMD pain subgroups of persistent or recurrent TMD-

related pain by answering the question ñWhat is the pattern of your worst problem?ò With the 

response being 1) persistent pain 2) recurrent pain and 3) pain one time. Patients reporting pain 

only one time were not included in the study (Medical questionnaire in Appendix). 

In addition, pain intensity was assessed using three questions from the Graded Chronic 

Pain Scale (GCPS) on a scale of 0-10 numeric rating scale (NRS): 1) ñHow would you rate the 

worst pain at present time?ò 2) ñIn the past six months how intense was your worst pain?ò 3) ñIn 

the past six months, on average, how intense was your worst pain?ò (127).  

 

4.5.3 Confounding variables 

Confounding is a central issue for epidemiological studies. It occurs when the measured 

association between an exposure (painful comorbidities) and disease occurrence (TMD-related 

pain). A confounding variable has bidirectional associations, that is, 1) It must be associated with 

the disease regardless of the risk factors, and 2) it must be associated with the risk factors, 

regardless of the disease. The consequences of confounding include an overestimation or an 

underestimation of the effect (e.g. odds ratio) (128). There are several methods by which 

confounding can be controlled to prevent bias in the results. In this study age, gender and 

psychological comorbidities (i.e. depression, anxiety, mental health treatment, physical abuse, 

and stress) were the possible confounders.  
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4.6 Statistical analyses 

Descriptive analyses were done on the variables in the data set to determine the mean and 

frequencies. Chi-square, Student's t-test and ANOVA were used to compare categorical and 

continuous variables between groups in this study. A chi-square statistic is a measure of how 

much the observed cell counts in a two-way table diverge from the expected cell counts. The 

difference between the observed and expected count is taken and its value squared and divided 

by the expected value. Finally, a summation of the cells is taken. The value of the chi-square will 

either provide evidence against or towards the null hypothesis.  

Null hypothesis is a statement of no effect or no difference (Moore, 2005). A studentôs t-

test was performed in addition to the chi-square statistic to further assess difference between the 

means. Furthermore, ANOVA was performed to assess the difference between more than two 

means. For example in this study the difference in the means between persistent, recurrent TMD-

related pain and controls. 

Unpaired logistic regression analysis was used for the association between TMD-related 

pain and comorbidities. Logistic regression equation can be written as: 

 

 

Where,  

P is the probability of Y =1, or the probability of the outcome 

Xi  is the i
th
 predictor variable, i = 1, 2, 3ék; 

ɓo is the log odds of probability of outcome when predictor variables have a value of zero 
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ɓi is the regression parameter associated with the i
th
 predictor variable such that odds ratio 

associated with increase in one unit of the i
th
 variable, when other variables are constant, is 

      

Pearson correlation matrix was calculated to investigate the relationship between pain 

intensity and painful comorbidities.  

 

4.6.1 Comorbidities associated with temporomandibular disorders 

These aforementioned tests were used to compare categorical and continuous variables 

between groups: TMD-related pain versus controls, persistent or recurrent TMD-related pain 

versus controls, and persistent versus recurrent TMD-related pain.  

We performed unconditional univariate and multivariable logistic regression analyses to 

assess the association between painful comorbidities (independent variables) and TMD-related 

pain (dependent variables). Stratification by gender and TMJ surgery was performed in these 

analyses because a large number of patients from the NIDCRôs TIRR received TMJ surgeries. 

All analyses were adjusted for age, gender and psychological comorbidities. 

Moreover, we performed unconditional univariate and multivariable logistic regression 

analyses to evaluate the association between painful comorbidities and persistent or recurrent 

TMD-related pain. These analyses were also adjusted for age, gender and psychological 

comorbidities.  

The likelihood ratio test (129) was used to assess the significance of the odds ratio and of 

the interaction in the model. These terms were based on biological plausibility and remained in 

the model only if the significance level of their regression coefficient was equal to or lower than 
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0.05. All analyses were performed with SAS 9.3 software (Statistical Analysis System; SAS 

Institute Inc, Cary, NC, USA). 

 

4.6.2 Statistical power 

This section will give a brief overview of the post-hoc power analysis for the manuscript 

used in the thesis (Tables 4-1, 4-2 and 4-3). Power analyses were performed using Power Sample 

size (PS) software version 3.0. 

This current study was planned to ensure an adequate power to assess TMD-related pain 

and painful comorbidities. We estimated the power for 261 recurrent TMD-related pain, 477 

persistent TMD-related pain and 750 TMD-related pain participants. Based on our sample size, 

detected odds ratios and prevalence of comorbid conditions among controls, in almost all of the 

analyses we have a sufficient power ranging from 0.80 ï 1.00 to perform statistical analyses in 

this study (Figures 4-1, 4-2, 4-3 and 4-4). 

 

 

Table 4-1. Power analysis for the association between TMD-related pain and painful 

comorbidities 

Comorbidities TMD-related pain (n = 750) 

Controls (%) OR Power 

Migraine 

 

15 2.19 .999 

Neck 

 

8 7.44 .999 

Back 

 

10 4.45 .999 

Fibromyalgia 

 

1 4.71 .999 
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Table 4-2. Power analysis for the association between persistent TMD -related pain and 

painful comorbidities 

Comorbidities TMD-related pain (n = 477) 

Controls (%) OR Power 

Migraine 

 

15 2.25 1.0 

Neck 

 

8 9.93 1.0 

Back 

 

10 5.01 1.0 

Fibromyalgia 

 

1 5.38 0.990 

 

 

 

 

 

 

 

 

 

Table 4-3. Power analysis for the association between recurrent TMD-related pain and 

painful comorbidities 

Comorbidities TMD-related pain (n = 261) 

Controls (%) OR Power 

Migraine 

 

15 2.19 0.986 

Neck 

 

8 5.02 1.0 

Back 

 

10 3.48 1.0 

Fibromyalgia 

 

1 3.57 0.657 
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Figure 4-1. Post hoc power analysis for the association between migraine and TMD-related 

pain (sample size = 750, Ŭ=0.05 and Power = 0.999,  = observed odds ratio) 
 
 

 

 

Figure 4-2. Post hoc power analysis for the association between neck pain and TMD-related 

pain (sample size= 750, Ŭ=0.05 and Power = 0.999,  = observed odds ratios) 
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Figure 1-3. Post hoc power analysis for the association between back pain and TMD-

related pain (sample size= 750, Ŭ=0.05 and Power = 0.999,  = observed odds ratios). 
 

 

 

 

Figure 4-4. Post hoc power analysis for the association between fibromyalgia and TMD-

related pain (sample size= 750, Ŭ=0.05 Power = 0.999,  = observed odds ratios). 
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Abstract 

Objective: The primary aims of this study were to determine if: i) Temporomandibular Disorder 

(TMD)-related pain is associated with migraine and musculoskeletal comorbidities; and 

ii)  persistent or recurrent TMD-related pain is related to these comorbidities.  

Method: Data from 750 TMD-related pain cases, from which 477 were classified as persistent, 

261 as recurrent TMD-related pain, and 146 controls were obtained from the National Institute of 

Dental and Craniofacial Researchôs Temporomandibular Joint Implant Registry and Repository 

(NIDCRôs TIRR). The diagnosis of TMD-related pain was determined by clinical examination 

using a modified Craniomandibular Index wherein the exam items were redesigned to conform 

to those specified for the Research Diagnostic Criteria. Controls were participants without TMD. 

Patterns of pain (i.e., persistent/recurrent) and comorbidities were assessed using questionnaires 

from the TIRR. Painful comorbidities included migraine and musculoskeletal conditions. 

Univariate and multivariable logistic regression analyses were used to investigate the 

associations between TMD-related pain and painful comorbidities.  

Results: There was a significant difference in the mean age of TMD-related pain cases 

(mean = 41.9, SD = 14.7) and of controls (mean = 34.2, SD = 13.8, P < .0001). Females were 

significantly more prevalent among cases (89%) than controls (66%, P < .0001). The mean of 

pain intensity on 0-10 numeric rating scale (NRS) in the last 6 months was significantly higher 

for persistent (mean = 7.8, SD = 2.6) as compared to recurrent (mean = 6.3, SD = 2.7, P < 

0.001). In multivariable logistic analyses adjusted by age, gender, and psychological 

comorbidities, migraine (Odds Ratio [OR] = 2.19, P = 0.004), neck pain (OR = 7.44, P < .0001), 

back pain (OR = 4.45, P < .0001) and fibromyalgia (OR = 4.80, P = 0.03) were associated with 

TMD-related pain. Furthermore, neck and back pain remained related to TMD-related pain, 

persistent or recurrent, when the model included the painful comorbidities, with exception of 

migraine. Finally, persistent TMD-related pain cases were more likely to have diagnosis of 

fibromyalgia (OR = 1.92, P = 0.01) than the recurrent cases.  

Conclusion: These results demonstrated that participants with neck and back pain were more 

likely to have TMD-related pain, regardless of TMD characteristics such as recurrent and 

persistent TMD-related pain. A significant difference was nonetheless noted on the odds of 

fibromyalgia between persistent and recurrent TMD-related pain. Finally, the association with 

migraine seems to be modified by the manifestation of other comorbid conditions and type of 

TMD-related pain as compared to other painful comorbidities. To our knowledge, this study is 

the first to assess the association between painful comorbid conditions and TMD-related pain 

(persistent or recurrent) regardless of occurrence of other painful comorbid 

conditions. Understanding the relationship between TMD-related pain with painful comorbid 

conditions will lead to better patient management using a multidisciplinary approach. 

 

 

Keywords 
Temporomandibular disorder pain; Comorbidities; Epidemiology
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Introduction  

Temporomandibular muscle and joint disorders (TMJD) are the second most commonly 

occurring musculoskeletal disorders (after chronic back pain) resulting in pain and disability(1). 

It has been estimated that 5 to 10% of the population is affected by TMD-related pain (2, 3). A 

TMD-related pain sufferer frequently visits multiple healthcare providers in search of a cure or 

effective management of their persistent or recurrent pain. Some individuals seeking treatment 

for TMD will progress to chronic pain with significant disability and negative impact on quality 

of life (4). 

Multiple studies have found that TMD-related pain patients often report painful 

conditions at sites other than the masticatory system (e.g., migraine, fibromyalgia, back pain and 

neck pain) (5-11). Furthermore, prospective cohort studies show that patients with painful 

comorbidities were more likely to present persistent TMD-related pain than those without (9, 12, 

13). Rammelsberg et al. demonstrated that the number of palpation sites (extra oral and body 

sites) was a significant predictor of persistent versus remitted TMD (Odds ratio [OR] = 1.81; 

95% CI: 1.00 ï 3.29, P = 0.05), and recurrent (OR = 1.18; 95% CI: 1.03 ï 1.35, P = 0.02) versus 

persistent TMD (14). The specific mechanisms implicated in the co-occurrence of TMD and 

comorbidity is not clear but has been suggested that patients with comorbid conditions present 

dysregulation in multiple systems (15). 

The overall purpose of this case-control study was to assess the association between 

painful comorbidities and TMD-related pain. More specifically, our primary aim was to 

determine if: i) TMD-related pain was associated with migraine and musculoskeletal 

comorbidities; and ii) Persistent or recurrent TMD-related pain was related to these 

comorbidities. Our general hypothesis is that participants with painful comorbidities were more 
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likely to have i) persistent than recurrent TMD-related pain and ii) increased pain severity. To 

our knowledge, this study is the first to assess the association between painful comorbid 

conditions and TMD-related pain, persistent or recurrent, regardless of occurrence of other 

painful comorbid conditions.  

 

Methods 

Study population 

In this case-control study, 750 TMD-related pain participants and controls were selected 

from the National Institute of Dental and Craniofacial Researchôs Temporomandibular Joint 

Implant Registry and Repository (NIDCRôs TIRR) from 2002 to 2011. All participants who were 

unable to converse in English, under 18 years of age or with rare diseases such as tuberculosis, 

liver diseases, hepatitis, Parkinsonôs disease, multiple sclerosis, sickle cell anemia, sexually 

transmitted disease, and human immunodeficiency virus were excluded. All participants who 

agreed to participate signed a consent form. Research ethics committees of University of 

Minnesota, Minneapolis, USA and the Jewish General Hospital, Montreal, Canada approved this 

study. 

TMD specialists performed a comprehensive diagnostic examination of all participants. 

The diagnosis of TMD-related pain was determined by clinical assessment using a modified 

Craniomandibular Index (CMI) wherein the CMI examination items were redesigned to conform 

precisely to those specified for the Research Diagnostic Criteria (RDC) (130). The CMI 

examination has shown to have an excellent intra- and inter-examiner reliability and validity 

(41). 
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Participants were classified into TMD-related pain subgroups as persistent or recurrent 

TMD-related pain based on their answer to the question ñWhat is the pattern of your worst 

problem?ò The responses were: 1) persistent pain, 2) recurrent pain or 3) pain one time. Twelve 

participants were excluded from these analyses because they reported pain only once, instead of 

persistently or recurrently. Pain intensity was assessed using Graded Chronic Pain Scale (GCPS) 

on a 0-10 numeric rating scale (NRS): 1) ñHow would you rate the worst pain at present time?ò 

2) ñIn the past six months how intense was your worst pain?ò 3) ñIn the past six months, on the 

average, how intense was your worst pain?ò (127). 

 

Putative Exposure  

The painful comorbidities identified (yes/no) through the medical health TIRR 

questionnaire were migraine, neck pain, back pain and fibromyalgia. The total number of painful 

comorbidities was also included in the analysis. 

 

Putative Confounders 

In the current study, age, gender and psychological comorbidities (i.e., depression, 

anxiety, mental health treatment, physical abuse, and stress) were considered putative 

confounders. These psychological comorbidities were also assessed using the medical health 

TIRR questionnaire. Furthermore, the total number of psychological comorbidities was included 

in the analysis as another putative confounder. 
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Statistical analysis 

Chi-square, Student's t-test and ANOVA were used to compare categorical and 

continuous variables between groups: TMD-related pain versus controls and persistent-recurrent 

TMD-related pain versus controls, and persistent versus recurrent TMD-related pain. 

Furthermore, we performed unconditional univariate and multivariable logistic regression 

analyses to assess the association between painful comorbidities (independent variables) and 

TMD-related pain (dependent variables). These analyses were stratified by gender and 

temporomandibular joint (TMJ) surgery because a large number of patients from the NIDCRôs 

TIRR received TMJ surgeries. All analyses were adjusted for age, gender and psychological 

comorbidities. Moreover, we also performed unconditional univariate and multivariable logistic 

regression analyses to evaluate the association between painful comorbidities and persistent or 

recurrent TMD-related pain. These analyses were adjusted for age, gender and psychological 

comorbidities. Odds ratios (OR) were estimated with 95% confidence intervals (CI). Pearson 

correlation was performed to appraise the association between TMD-related pain and the average 

pain intensity in the past 6 months. All analyses were performed with SAS 9.3 software 

(Statistical Analysis System; SAS Institute Inc, Cary, NC, USA). 

 

Results 

Table 5-1 shows demographics of 750 TMD-related pain participants and 146 controls. 

TMD-related pain cases more frequently reported persistent (n = 477/738, 65%) than recurrent 

pain (n = 261/738, 35%; P < .0001). Relative to controls, TMD-related pain patients were more 

likely to be females (P < .0001) and older (P < .0001). These differences remained when controls 

were compared to persistent or recurrent TMD-related pain cases. 
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Table 5-2 illustrates the pain characteristics among TMD-related pain cases and its 

subtypes (persistent and recurrent pain). The average pain intensity in the past 6 months (0 - 10 

NRS) was moderate (mean = 5.6; SD = 2.6). Pain intensity was more severe among persistent 

than recurrent TMD-related pain (P < .0001).  

 

Painful Comorbidities with TMD -related pain and subgroups 

Table 5-3 shows the frequency of comorbidities among cases and controls. The most 

common comorbidities among TMD-related pain cases were neck pain (n = 316; 55%) and back 

pain (n = 265; 46%), while migraine (n = 21; 15%) and back pain (n = 13; 10%) were most 

common among controls. Figure 5-1 shows the frequency of the count of these painful 

comorbidities among cases and controls. TMD-related pain cases (29%) often reported more 

than one painful comorbid condition, contrary to controls (4%). TMD-related pain was strongly 

related to a greater number of painful comorbidities in crude (OR = 3.54; 95% CI: 2.53 ï 4.95, 

P < .0001) and multivariable models adjusted by age and gender (OR = 2.86; 95% CI: 2.00 ï 

4.07, P < .0001) and psychological comorbidities (OR = 2.65; 95% CI: 1.84 ï 3.81, P < .0001).  

The magnitude of the effect relative to controls did not change significantly for persistent 

(OR = 2.95, 95% CI: 2.01 ï 4.31, P < .0001) and recurrent TMD-related pain (OR = 2.25, 95% 

CI: 1.51 ï 3.34, P < .0001). However, persistent TMD-related pain cases were more likely to 

have a greater number of comorbidities than the recurrent cases (OR = 1.23, 95% CI: 1.03 ï 

1.47, P = 0.02). The number of comorbidities was positively associated with pain intensity 

(r = 0.38, P < .0001). 
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Migraine 

Table 5-3 shows the relationship between migraine and TMD-related pain. In the crude 

analysis, TMD-related pain cases were 3.5 times as likely than controls to have migraine 

(OR = 3.47; P < .0001). This significant association remained when the model was adjusted by 

age and gender (OR = 2.58; P = 0.003) and psychological comorbidities (OR = 2.19; P = 0.004). 

In the stratified analyses, we observed that TMD-related pain female cases were more likely to 

have migraine than female controls (OR = 2.03; 95% CI: 1.14 ï 3.62, P = 0.02), and that TMD-

related pain male cases were more likely to have migraine, however, the latter association was 

not significant, perhaps because only 43 patients were included in the analyses (OR = 3.04; 95% 

CI: 0.78 ï 11.75, P = 0.11). We investigated if the previous relation between migraine and TMD-

related pain would remain, regardless of the occurrence of other painful comorbidities. A 

borderline association was noted when the model was adjusted including painful comorbidities 

(OR = 1.63, 95% CI: 0.91ï 2.91, P = 0.12, Table 5-3).  

Furthermore, we noted that compared to controls, TMD-related pain cases who 

underwent TMJ surgery (n = 356; OR = 2.91, P = 0.0003) or who did not (n = 553; OR = 1.81, P 

= 0.037) showed a greater likelihood to have migraine, regardless of their age, gender and 

psychological factors. A positive association was noted when the model was adjusted by painful 

comorbidities among controls and TMD-related pain patients who received surgery (n = 165; 

OR = 2.53, P = 0.009), but no significant association was noted with TMD-related pain and no 

surgery (n = 344, OR = 1.29, P = 0.43 (Tables 5-5 and 5-6).   

Crude and adjusted odds ratios for persistent and recurrent TMD-related pain are 

presented in Table 5-4. Migraine remains associated with persistent (OR = 2.73; P = 0.004) and 

recurrent TMD-related pain (OR = 2.44; P = 0.01) in the multivariable analysis adjusted by age 
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and gender. This result remained significant for persistent (OR = 2.25; P = 0.004) and recurrent 

TMD-related pain (OR = 2.19; P = 0.001) when we adjusted the analysis by age, gender and 

psychological comorbidities. This result remained significant for persistent TMD-related pain 

(OR = 1.87, 95% CI: 1.00 ï 3.48, P = 0.05) when the model was adjusted by other painful 

comorbidities, and no significant association was observed with recurrent TMD-related pain 

(OR = 1.38, 95% CI: 0.70 ï 2.73, P = 0.35). No significant difference was observed between 

persistent and recurrent TMD-related pain groups (OR = 1.08; 95% CI: 0.72 ï 1.61; P = 0.71). A 

moderate positive correlation was noted between migraine and pain intensity (r = 0.29, 

P < .0001).  

 

Neck pain 

Neck pain was also strongly related to TMD-related pain in the univariate (OR = 13.47, 

P < .0001) and in the multivariable model adjusted by age and gender (OR = 8.72, P < .0001), 

and psychological comorbidities (OR = 7.44, P < .0001). Furthermore, the magnitude of effect 

previously reported was similar among males (OR = 7.38; 95% CI: 1.54 ï 35.45) and females 

(OR = 7.24; 95% CI: 3.42 ï 15.33).  TMD-related pain remained moderately related to neck pain 

in a model adjusted by other painful comorbid conditions (OR = 4.95; P < .0001) (Table 5-4).  

TMD-related pain cases who underwent surgery (n = 293, OR = 10.12, P < 0.001) or not 

(n = 472, OR = 6.31, 95% CI: 3.15 ï 12.62, P < .0001) were both more likely to have neck pain 

than controls, regardless of their age, gender and psychological factors. When the model was 

adjusted by the comorbidities, this relationship remained regardless of the presence (n = 165, 

OR = 7.31, P < 0.0001) or not of a surgery (n = 344; OR = 4.24, P = 0.0001) (Tables 5-5 and 5-

6). 
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In addition, in a multivariable model adjusted by age and gender, TMD-related pain cases 

with persistent (OR = 11.82; P < .0001) and recurrent pain (OR = 5.58; P < .0001) were more 

likely to have neck pain compared to controls (Table 5-4). This association remained when the 

model was adjusted by age, gender and psychological comorbidities: persistent (OR = 9.93; 

P < .0001) and recurrent TMD-related pain (OR = 5.02, P < .0001). A positive association was 

noted when the model was adjusted by other painful comorbidities: TMD-persistent (OR = 6.66, 

95% CI: 3.16 ï 14.01, P < 0.0001) and recurrent (OR = 3.44, 95% CI: 1.51 ï 7.88, P = 0.003). 

Persistent TMD-related pain cases were more likely to have neck pain than the recurrent cases 

(OR = 2.34; 95% CI: 1.48 ï 3.68, P = 0.0002). Neck pain was more strongly related to pain 

intensity (r = 0.41, P < .0001) than migraine.  

 

Back pain 

Participants with TMD-related pain were almost 8 times as likely to have back pain in 

comparison to controls in a crude analysis (OR = 7.87; P < .0001). The magnitude of this effect 

was lower but remained significant when the model was adjusted by age and gender (OR = 5.30; 

P < .0001), and psychological comorbidities (OR = 4.45; P < .0001) (Table 5-3). More 

specifically, this association was moderate among males (OR = 6.95; 95% CI: 1.40 ï 34.55, 

P = 0.02) and weaker among females (OR = 3.92; 95% CI: 1.97 ï 7.79, P < .0001). Furthermore, 

back pain remained related to TMD-related pain, regardless of other painful comorbidities, age, 

gender and psychological comorbidities (OR = 2.39, P = 0.02, Table 5-3).  

Relative to controls, the relationship between back pain and TMD-related pain remained 

among cases who did not receive surgery (n = 472, OR = 4.31, P < .0001) and those who did 

(n = 293, OR = 4.28, P < .0001). A positive association was noted when the model was adjusted 
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by painful comorbidities among patients without surgery (n = 344; OR = 2.50, P = 0.010), but 

not with TMD-related pain and surgery (n = 165; OR = 1.62, P = 0.26) (Tables 5-5 and 5-6).   

Moreover, in an adjusted model by age and gender, back pain remained associated with 

persistent (OR = 5.95; P < .0001) and recurrent TMD-related pain (OR = 3.93; P = 0.0006) 

(Table 5-4). These relations between back pain and persistent or recurrent TMD-related pain 

were not modified when the models also included age, gender and psychological comorbidities: 

persistent TMD (OR = 5.00, P < .0001) and recurrent TMD (OR = 3.48, P = 0.0004) (Table 5-4). 

This result exhibited a borderline association when the model was adjusted by other painful 

comorbidities: persistent TMD (OR = 2.25, 95% CI: 1.09 ï 4.64, P = 0.05) and recurrent TMD 

(OR = 2.05, 95% CI: 0.94 ï 4.45, P = 0.07), without significant difference between persistent 

and recurrent cases (OR = 1.07, 95% CI: 0.69 ï 1.64, P = 0.78). A moderate correlation was 

noted between back pain and pain intensity (r = 0.24, P < .0001). 

 

Fibromyalgia 

In a crude analysis, a strong association was observed between TMD-related pain and 

fibromyalgia (OR = 11.63; P = 0.0007). This relationship was significantly confounded by age, 

gender (OR = 5.93; P < 0.015), and psychological comorbidities (OR = 4.80; P = 0.03) (Table 5-

 3). Moreover, TMD-related pain female cases were more likely to have fibromyalgia 

(OR = 4.12; 95% CI: 1.00 ï 17.57, P = 0.05) than female controls. It was not possible to perform 

these analyses among males because none of the male controls reported fibromyalgia. 

Furthermore, in a model adjusted by age, gender and psychological comorbidities, relative to 

controls, TMD-related pain cases who did not undergo surgery were more likely to have 

fibromyalgia (n = 551, OR = 4.10, P = 0.06). A moderate, but not significant association was 
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noted between fibromyalgia and TMD-related pain cases who underwent surgery (n = 355, OR = 

5.40, P = 0.025) (Tables 5-5 and 5-6).  

In an adjusted model by age and gender, fibromyalgia was more strongly associated with 

persistent TMD-related pain (OR = 6.74; P = 0.001) than with TMD-related recurrent pain 

(OR = 4.32; P = 0.06). Fibromyalgia remained strongly associated with persistent TMD-related 

pain (OR = 5.38; P = 0.02), while the association with TMD-related recurrent pain (OR = 3.57; 

P = 0.11) was moderate but not significant. The analyses were adjusted by age, gender and 

psychological comorbidities (Table 5-4). A significant difference was noted between persistent 

and recurrent TMD-related pain (OR = 1.92; 95% CI: 1.14 ï 3.22, P = 0.01). Fibromyalgia was 

weakly correlated with pain intensity (r = 0.19, P < .0001). 

 

Discussion 

This study demonstrated for the first time that painful comorbidities such as neck pain, 

back pain and fibromyalgia are associated to TMD-related pain, regardless of TMD-related pain 

quality: either persistent or recurrent pain. The relationship with migraine appears to be modified 

by the type of TMD-related pain: as persistent or recurrent, and by the presence of other painful 

comorbid conditions.  

The significant association between TMD-related pain and migraine is expected, as 

cohort studies demonstrated that participants with headache were 3 to 9 times as likely to 

develop TMD-related pain (108, 131). In addition, our results are supported by multiple case-

controls studies that demonstrated TMD-related pain participants were 2 to 7 times more likely 

to report migraine (8, 73, 87, 132).   Moreover, migraine was related to persistent or recurrent 

TMD-related pain, regardless of patients age, gender or psychological comorbidities (Table 5-4). 
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This phenomenon of recurrent TMD-related pain could be coinciding with the recurrent nature of 

migraine headache (133). In a qualitative study, Nilsson et al. interviewed adolescents for TMD-

related pain experience, concluding that adolescents with TMD live with recurrent pain ï which 

coincides with headaches (134). However, a clear biological mechanism underlying the 

association between persistent TMD-related pain and migraine has yet to be elucidated. A 

moderate positive correlation was noted between migraine and pain intensity (r = 0.29, 

P < .0001), which is in agreement with Anderson et al. who reported a significant association of 

headaches and TMD pain intensity (P < 0.001) (107). 

The current study also demonstrated a strong and significant association between TMD-

related pain and back, and neck pain in an adjusted analysis by age, gender and psychological 

comorbidities (Table 5-3). These results are in agreement with a cohort study, in which 

participants with back pain were almost 4 times as likely to develop TMD-related pain (108), and 

with case-control studies that showed a significant association between TMD-related pain and 

back and neck pain, with OR estimates ranging from 5.0 to 8.0 (87, 135). Furthermore, we found 

that participants with back or neck pain were more likely to have persistent and recurrent TMD-

related pain (Table 5-4), which is partially in agreement with Rammelsberg et al. who found that 

patients with many body pain sites (headache, chest pain, back pain and abdominal pain) were 

more likely to have persistent TMD-related pain. We also found a moderate to strong correlation 

between neck and back pain, and pain intensity. However, Rammelsberg et al. did not find any 

significant association with pain intensity and number of body pain sites (13).  

In our study, fibromyalgia was strongly related to TMD-related pain in a model adjusted 

by age and gender and psychological comorbidities (Table 5-3). These results are in agreement 

with cohort and case-control studies which found a positive relationship between widespread 
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body pain and TMD-related pain (9, 12, 73, 83). Furthermore, fibromyalgia was related to 

persistent TMD-related pain in an adjusted analysis by age, gender and psychological 

comorbidities. A number of cohort studies conducted also found that participants with 

widespread pain or fibromyalgia were 2 to 3 times as likely to have persistent TMD-related pain 

than those without these comorbidities (9, 12, 29). This persistence of pain could be explained by 

the chronicity and persistent nature of fibromyalgia (115). Our result showing that persistent 

TMD-related pain cases are more likely to have fibromyalgia than recurrent cases is also in 

agreement with a cohort study conducted by Rammelsberg et al., who demonstrated that 

participants with myofacial pain, as well as pain in several body sites (headache, chest pain, back 

pain and abdominal pain) at baseline were more likely to have persistent TMD-related pain in 

comparison to recurrent or remitted TMD-related pain, over a period of 5-years (13).  

The findings of this study should be interpreted in the context of its limitations. First, 

comorbidities were self-reported by the participants through a questionnaire. This could lead to a 

possible information bias, as a clinical diagnosis is required for confirmation of the disease. We 

noted, nonetheless, that the frequency of painful comorbid conditions among TMD-related pain 

cases [migraine (39%), neck pain (55%), back pain (46%) and fibromyalgia (15%)] were similar 

to the frequency estimates reported in previous studies [migraine (27-58%) (5, 96, 136, 137), 

neck and back pain (42-68%) (5, 87, 138) and fibromyalgia (13-18%) (114, 139)]. Second, there 

is no valid definition of persistent or recurrent pain and the chance of misclassification needs to 

be considered. In the study by Rammelsberg et al. year, while the frequency of recurrent TMD-

related pain (36%) is similar to our study (35%), the frequency of persistent TMD-related pain 

(31%) was lower than in our study (65%). The higher frequency of persistent TMD-related pain 

in our study may be due to TMD participants from the NIDCRôs TIRR who underwent TMJ 
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surgeries. Third, the relationship between comorbidities and TMD-related pain may be biased by 

unmeasured confounding variables.  

Our study has several strengths. First, the database from NIDCRôs TIRR comprises a 

representative sample of participants with TMD-related pain. Second, our sample size in this 

study is large, which provides sufficient power to perform analyses exploring a relationship 

between painful comorbidities and persistent or recurrent TMD-related pain. Based on the large 

sample size, odds ratios and the prevalence of comorbidities (Tables 5-3 and 5-4), this study had 

sufficient power, ranging from 80% to 100%.  The only low power analysis (65%) was that of 

fibromyalgia and TMD-recurrent pain (OR = 3.57, 95% CI: 0.78 ï 16.40). Third, all participants 

received a clinical examination by trained examiners, for the diagnosis of TMD-related pain.   

 

In conclusion, the current study demonstrated that participants with neck and back pain 

were more likely to have TMD-related pain, regardless of TMD characteristics such as recurrent 

and persistent TMD-related pain. A significant difference was nonetheless noted on the odds of 

fibromyalgia between persistent and recurrent TMD-related pain. The association of migraine, 

however, appears to be modified by the presence of other comorbid conditions and type of TMD-

related pain as compared to other painful comorbidities. Understanding the relationship between 

TMD-related pain with painful comorbid conditions will lead to better patient management using 

a multidisciplinary approach. 
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Table 5-1. Demographics of TMD cases (persistent and recurrent) and controls 

Demographics Controls 

(n = 146) 

 

Cases 

(n = 750)  

Persistent TMD  

(n = 477) 

Recurrent TMD 

(n = 261) 

Age  

mean (SD) 

34.2 (13.8)* 41.9 (14.7)* 40.7 (14.2)* 44.1 (15.3)* 

Males  

n (%) 

50 (34) 84 (11) 53 (11) 29 (11) 

Females  

n (%) 

96 (66)* 666 (89)* 424 (89)* 232 (89)* 

* P < 0.05 
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Table 5-2. Pain characteristics of TMD cases, subgroups of TMD-related pain  

 

 Cases 

(n = 750) 

Persistent TMD 

(n = 477) 

Recurrent TMD  

(n = 261) 

Worst pain at 

present time 

mean (SD) 

 

4.9 (3.1) 5.8 (2.9)* 3.5 (2.7)* 

Worst pain 

intensity in the 

past six months   

mean (SD) 

 

7.2 (2.8) 7.8 (2.6)* 6.3 (2.7)* 

Average worst 

pain in the past 

six months 

mean (SD) 

 

5.6 (2.6) 6.1 (2.6)* 4.7 (2.4)* 

* P < 0.05 
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Table 5-3. Crude and adjusted OR and 95% CI for the association between TMD-related pain and painful comorbidities.  

Comorbidity Category Case/ 

Controls 

(n) 

Crude Model 1 Model 2 Model 3 

Migraine No 446/116 1.0 (Referent) 

 Yes 280/21 3.47 (2.13-5.65) 2.58 (1.54-4.34) 2.19 (1.29 ï 3.72) 1.63 (0.91-2.91) 

Neck Pain No 260/122 1.0 (Referent) 

 Yes 316/11 13.47 (7.12-25.51) 8.72 (4.51-16.87) 7.44 (3.77-14.53) 4.95 (2.42-10.13) 

Back Pain No 311/120 1.0 (Referent) 

 Yes 265/13 7.87 (4.34-14.26) 5.30 (2.86-9.84) 4.45 (2.37-8.37) 2.39 (1.21-4.71) 

Fibromyalgia No 615/135 1.0 (Referent) 

 Yes 106/2 11.63 (2.84-47.71) 5.93 (1.41-24.88) 4.80 (1.12-19.93) Not included 

Model 1: Adjusted by age (OR = 1.03 to 1.04, P < .0001) and gender (OR = 3.38 to 4.08, P < .0001). 

Model 2: Adjusted by age (OR = 1.03 to 1.04, P < .0001), gender (OR = 3.04 to 3.44, P < .0001) and psychological comorbidities (OR = 

1.21 to 1.34, P < .05).  

Model 3: Adjusted by full model including all comorbidities, except fibromyalgia: age (OR = 1.03, P < .0001), gender (OR = 2.80, P < 

.0001), and psychological comorbidities (OR = 1.14, P = 0.13).  
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Table 5-4. Crude and adjusted OR and 95% CI for the association between painful comorbidities and persistent or recurrent 

TMD -related pain.  

Comorbidity TMD-related 

pain 

Category Case/ 

Control (n) 

Crude Model 1 Model 2 

Migraine Persistent No 275/116 1.0 (Referent) 

Yes 186/21 3.74 (2.26-6.16) 2.73 (1.60-4.66) 2.25 (1.30-3.89) 

Recurrent No 163/116 1.0 (Referent) 

Yes 91/21 3.08 (1.81-5.24) 2.44 (1.36-4.38) 2.19 (1.20-3.99) 

Neck Pain Persistent No 133/122 1.0 (Referent) 

Yes 214/11 17.84 (9.28-34.30) 11.82 (5.98-23.38) 9.93 (4.96-19.88) 

Recurrent No 120/122 1.0 (Referent) 

Yes 99/11 9.15(4.67-17.92) 5.58 (2.71-11.45) 5.02 (2.37-10.60) 

Back Pain Persistent No 179/120 1.0 (Referent) 

Yes 168/13 8.66 (4.71-15.94) 5.95 (3.14-11.28)  5.01 (2.62-9.61) 

Recurrent No 127/120 1.0 (Referent) 

Yes 92/13 6.69 (3.55-12.58 ) 3.93 (2.00-7.74) 3.48 (1.73-7.04) 

Fibromyalgia Persistent No 383/135 1.0 (Referent) 

Yes 74/2 13.04 (3.16-53.85) 6.74 (1.59-28.58) 5.38 (1.26-23.00) 

Recurrent No 223/135 1.0 (Referent) 

Yes 30/2 9.08 (2.14-38.60) 4.32 (0.93-20.14) 3.57 (0.78-16.40) 

Model 1: Adjusted by age (OR = 1.03 to 1.05, P < .0004) and gender (OR = 3.77 to 4.19, P < .0001). 

Model 2: Adjusted by age (OR = 1.03 to 1.05, P < .0001), gender (OR = 2.80 to 3.96, P < .0007). Psychological comorbidities: 

Persistent TMD (OR = 1.27 to 1.40, P < .05), Recurrent TMD (OR = 1.11 to 1.19, P > .05).   
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  Table 5-5. Crude and adjusted OR and 95% CI for the association between TMD-related pain without surgery and 

painful comorbidities. 

Comorbidity Category Crude Model 1 Model 2 Model 3 

Migraine No 1.0 (Referent) 

 Yes 3.31 (2.00 ï 5.46) 2.23 (1.30 ï 3.83) 1.81 (1.4 ï 3.16) 1.23 (0.70 ï 2.40)  

Neck Pain No 1.0 (Referent) 

 Yes 11.94 (6.24 ï 

22.84) 

7.68 (3.91 ï 

15.06) 

6.31 (3.15 ï 12.62) 4.24 (2.01 ï 8.92) 

Back Pain No 1.0 (Referent) 

 Yes 8.05 (4.39 ï 14.76) 5.19 (2.75 ï 9.78) 4.31 (2.25 ï 8.26) 2.50 (1.24 ï 5.04) 

Fibromyalgia No 1.0 (Referent) 

 Yes 10.74 (2.59 ï 

44.48) 

5.20 (1.22 ï 

22.18) 

4.10 (0.95 ï 17.66) Not included 

Model 1: Adjusted by age and gender.  

Model 2: Adjusted by age, gender and psychological comorbidities. 
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Table 5-6. Crude and adjusted OR and 95% CI for the association between TMD-related pain with surgery and 

painful comorbidities. 

Comorbidity Category Crude Model 1 Model 2 Model 3 

Migraine No 1.0 (Referent) 

 Yes 3.74 (2.21 ï 6.35) 3.20 (1.81 ï 5.66) 2.91 (1.63 ï 5.21) 2.53 (1.27 ï 5.04) 

Neck Pain No 1.0 (Referent) 

 Yes 17.34 (8.74 ï 

34.40) 

10.75 (5.20 ï 

22.22) 

10.12 (4.79 ï 21.38) 7.31 (3.20 ï 16.72) 

Back Pain No 1.0 (Referent) 

 Yes 7.57 (3.98 ï 14.39) 4.82 (2.42 ï 9.59) 4.28 (2.12 ï 8.67) 1.62 (0.70 ï 3.78) 

Fibromyalgia No 1.0 (Referent) 

 Yes 12.97 (3.09 ï 

54.51) 

6.04 (1.39 ï 

26.29) 

5.40 (1.23 ï 23.68) Not included 

Model 1: Adjusted by age and gender.  

Model 2: Adjusted by age, gender and psychological comorbidities. 
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6. DISCUSSION 

 

This section will provide a summary of the results, methodological considerations, 

strengths and limitations of this thesis.  

First, the aim of this study was to evaluate the relationship between TMD-related pain 

(persistent or recurrent) and painful comorbidities. Subsequently, it was investigated if these 

results were affected by patientsô gender, age and psychological comorbidities. Finally, we 

investigated how much of these painful comorbidities were independently associated with TMD-

related pain. It was also evaluated how much of these results remained among persistent and 

recurrent TMD-related pain. To our knowledge, this study is the first to assess the association 

between painful comorbid conditions and TMD-related pain (persistent or recurrent) regardless 

of occurrence of other painful comorbid conditions. 

 

6.1 Summary of results 

6.1.1 TMD -related pain and painful comorbidities 

 In this study, painful comorbidities were strongly associated with TMD-related pain. 

Moreover, TMD-related pain was strongly related to a greater number of painful comorbidities in 

crude and multivariable models adjusted by age and gender and psychological comorbidities.  

Furthermore, this study also observed that TMD-related pain cases were 3.5 times more 

likely to have migraine than controls in a crude analysis. The result shows that this significant 

association was not modified by patientsô age, gender and psychological comorbidities. 

However, the association did not remain when the analysis was adjusted by a full model 

including all comorbidities (Table 5-3). 
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 Neck pain was also strongly related to TMD-related pain in the univariate and in the 

multivariable model adjusted by age and gender and psychological comorbidities (Table 5-3). 

Moreover, participants with TMD-related pain were almost 8 times as likely to have back pain in 

comparison to controls in a crude analysis. This association remained significant when the model 

was adjusted by age and gender and psychological comorbidities. Neck and back pain remained 

significantly associated with TMD-related pain when adjusted by other comorbidities (Table 5-

3). 

In addition, TMD-related pain was strongly related to fibromyalgia in a crude analysis. 

However, this relationship remains significant when adjusted by patientsô age, gender and 

psychological comorbidities (Table 5-3). 

 

6.1.2  Persistent or recurrent TMD-related pain and painful comorbidities 

In this study the magnitude of the effect relative to controls did not change significantly 

for persistent and recurrent TMD-related pain. However, persistent TMD-related pain cases were 

more likely to have a greater number of comorbidities than the recurrent cases.  

Migraine remains associated with persistent and recurrent TMD-related pain in the 

multivariable analysis adjusted by age and gender. This result remained significant for persistent 

and recurrent TMD-related pain when we adjusted the analysis by age, gender and psychological 

comorbidities. However, when the analysis was adjusted by other painful comorbidities the 

results remained significant for persistent TMD-related pain, but no significant association was 

observed with recurrent TMD-related pain. 

 In addition, in a multivariable model adjusted by age and gender, TMD-related pain cases 

with persistent and recurrent pain were more likely to have neck pain compared to controls 
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(Table 5-4). This association for persistent and recurrent TMD-related pain remained when the 

model was adjusted by age, gender and psychological comorbidities. A positive association was 

noted for both (persistent and recurrent TMD-related pain) when the model was adjusted by 

other painful comorbidities. 

 Moreover, in an adjusted model by age and gender, back pain remained associated with 

persistent and recurrent TMD-related pain (Table 5-4). These relations between back pain and 

persistent or recurrent TMD-related pain were not modified when the models also included age, 

gender and psychological comorbidities. 

In an adjusted model by age and gender, fibromyalgia was more strongly associated with 

persistent TMD-related pain than with TMD-related recurrent pain. Fibromyalgia remained 

strongly associated with persistent TMD-related pain, while the magnitude of the effect was high 

but not significant for recurrent TMD-related pain. The analyses were adjusted by age, gender 

and psychological comorbidities (Table 5-4). 

 

6.2 Methodological Considerations 

Due to the systematic nature of errors in a cases-control study, incurring bias is always a 

possibility, as explained earlier. This section provides in-depth discussion of validity of the 

results. 

  

6.2.1 Consistency with other studies 

Many studies have demonstrated the significant overlap between TMD-related pain and 

other pain conditions, such as migraine, neck pain, back pain and fibromyalgia (5, 73, 124, 139-

145). 
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6.2.2 Bias  

A bias is defined as any systematic error in any epidemiological study, which can result 

in incorrect estimation of association between the exposure and the disease (147). Any study can 

be subject to bias due to the selection of participants, measurement of variables, or uncontrolled 

confounding factors. Types of biases expected to occur in a case-control study are detailed 

below: 

 

6.2.2.1 Selection bias 

Selection bias refers to any error that arises in the process of identifying the study 

populations (146). For example, it could occur if the diagnoses of TMD-related pain cases or 

controls are dependent of risk factors such as comorbid conditions. To control for selection bias, 

certain measures were considered in this study. The objective and hypothesis of the study were 

not disclosed to the research team who collected the data and conducted data entry. The study 

base is defined as a reference population from which the data for the study has been collected 

(147). For this reason our controls were also selected from the same study base (i.e. NIDCRôs 

TIRR) as the cases; this can help decrease the chance of selection bias (148), as controls in our 

study may have a similar chance to be exposed to comorbidities as cases.  

 

6.2.2.2 Information bias 

Information bias is a type of systematic error in which the cases and controls report 

exposure information differently for several reasons.  It can arise from misrepresentation in the 

estimate effect due to measurement error or misclassification (146). 

Certain measures were applied control information bias in our study. The NIDCRôs TIRR 

is a valid and recognized database comprising of subjects diagnosed by multiple TMD 
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specialists. Cases were provided with questionnaires to complete instantly after the diagnosis of 

TMD, which is considered a standard approach to reduce information bias (149).  

NIDCRôs TIRR questionnaires were distributed to the patients in a comfortable 

environment where they completed the information in privacy. The exposure of cases and 

controls (i.e. painful comorbidities) were taken into account through a dichotomous 

questionnaire, which could possibly induce information bias as a clinical diagnosis is required 

for confirmation of the disease. However, we hence compared the prevalence and frequencies of 

comorbid conditions among our controls and cases in the analysis. We noted that frequency of 

painful comorbid conditions in our study was similar to that reported in other studies.  

Furthermore, there is no valid definition of persistent or recurrent pain and the chance of 

misclassification needs to be considered. The frequency of persistent TMD-related pain in our 

study (65%) was moreover found to be higher than reported by Rammelsberg et al. (31%) (13). 

This could be due to the majority of the participants at NIDCRôs TIRR underwent surgery for the 

TMD-related pain. To account for the latter possibilities, we stratified our analysis by surgery. 

However, we did not see any difference in the results, which certainly controls for information 

bias.  

 

6.2.2.3 Bias due to Confounding 

Confounding can lead to overestimation or underestimation of the true association 

between exposure and disease, and can consequently change the direction of the observed effect.  

There are certain methods to control for confounding, such as by selecting individuals of 

similar age group, gender or others. It can also be controlled at the analytical stage of the study. 

Possible confounders for the analyses were identified from a priori knowledge. In this current 
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study, age and gender were the potential confounders identified and were adjusted in the 

analysis. One of the methods to control for confounding is matching cases and control. Matching 

is conducted for strong confounders (150). However, we did not use matching in our analysis, as 

in our study gender was associated with the disease and some comorbidities, but not all. 

Therefore, gender was not a confounder in our analysis. To account for the gender confounder 

effect, all models were adjusted by gender. Finally, in this study we stratified our analysis by 

gender as we would like evaluate the association between TMD-related pain and comorbidity 

among females and among males. The stratification serves as a novelty in this study.   

 

6.3 Strengths 

6.3.1 Representative Sample 

 The sample from this study was collected from the NIDCRôs TIRR, which is classified as 

one of the most valid database for TMD-related pain patients. This database has multiple 

specialists and professionals who use proper diagnostic criteria on all the patients.  

Controls were also selected from the same database; they presented with any dental 

related condition besides TMD-related pain. This in turn increases the generalizability of the 

representative sample.  Patients from all over the United States who seek treatment for TMD-

related pain are recruited at NIDCRôs TIRR, which makes our sample representative of the 

population within the United States.  

 

6.3.2 Clinical Examination 

 All participants in this study underwent a clinical examination by a TMD specialist using 

CMI on the basis of RDC/TMD. Studies report that the sensitivity and specificity of RDC/TMD 
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and DC/TMD remains acceptable after modifications, which shows that our study has a low 

chance of misclassification. In a recent study (Schiffman et al.), excellent sensitivity and 

specificity were observed among painful TMD-related pain subgroups such as myofascial (0.90, 

0.99) and arthralgia (0.89, 0.98) (38). 

 

6.4 Limitations  

 This study also has some limitations briefly explained in this section. The information 

was collected from the participants through a TIRR questionnaire which presented all medical-

related conditions, and they were asked to answer each question by selecting óyesô or ónoô. In our 

study, comorbid conditions such as migraine could have a possibility of bias, as migraine has 

specific characteristics which are different from headaches. Participants who experienced 

headaches may have unknowingly responded to migraine. The chance of misclassification 

reduces as conditions like fibromyalgia, however, have a definite diagnosis and patients would 

be well aware of their condition. The chance of misclassification appears to be low because the 

frequency of painful comorbid conditions among TMD-related pain cases [migraine (39%), neck 

pain (55%), back pain (46%) and fibromyalgia (15%)] were similar to the frequency estimates 

reported in previous studies [migraine (27-58%) (5, 96, 136, 137), neck and back pain (42-68%) 

(5, 87, 138) and fibromyalgia (13-18%) (114, 139)]. We also incurred information bias when 

TMD-related pain patients were divided into its subtypes (i.e. persistent and recurrent TMD-

related pain) as there is no valid definition for persistent or recurrent TMD-related pain. There is 

a chance of misclassification that needs to be considered in our study.  
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7. CONCLUSION 

 

The following conclusion can be drawn from the results of our manuscript in the thesis. 

 

1) Participants with neck and back pain were more likely to have TMD-related pain, regardless 

of TMD characteristics such as recurrent and persistent TMD-related pain.  

 

2) The association of migraine, however, appears to be modified by the presence of other 

comorbid conditions and type of TMD-related pain compared to other painful comorbidities. 

 

3) A significant difference was nonetheless noted on the odds of fibromyalgia between 

persistent and recurrent TMD-related pain.  

 

4) To our knowledge, this study is the first to assess the association between painful comorbid 

conditions and TMD-related pain (persistent or recurrent) regardless of occurrence of other 

painful comorbid conditions.  
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