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ABSTRACT

Objectives. The primary aims of this studyere to determine if: ifMD-related pain was
associated with migraine and musculoskeletal comorbidities; amergjstent orrecurrent
TMD-related pain wrerelated to these comorbidities.

Methods: Data from 750 TMDrelated pain casd of which 477 were classified as persistent

and 261 as recurrent TMiDelated pain, and 146 contsdl were obtained from the National
Instituteo f Dent al and Craniofaci al Researchodos Tem
Repository (NIDCRG6s T Reded pail Was determangdrbg climical o f |
examination using a modified Craniomandibular Index wherein the exam items wetlignmedes

to conform to those specified for the Research Diagnostic Criteria. Controls were participants
without TMD. Patterns of pain (i.e., persistantrecurrent) and comorbidities were assessed

using questionnaires from the TIRR. Painful comorbiditiekige migraine and musculoskeletal
conditions. Univariate and multivariable logistic regression analyses were used to investigate the
associations between TMi2lated pain and painful comorbidities.

Results: There was a significant difference in the meage af TMDrelated pain cases
(mean=41.9, SD = 14.7) and of controls (mean = 34.2, SD = B38,.0001). Females were
significantly more prevalent among cases (89%) thamongcontrols (66%,P < .0001). The
mean pain intensity (0 10 NRS) in the last énonths was significantly higher for persistent
(mean=7.8, SD = 2.6) as compared to recurrent (mean = 6.3, SD £ 2.0,001)TMD-related
pain In multivariable logistic analyses adjusted by age, gender, and psychological comorbidities,
migraine (OR = 219, P =0.004),neck pain (OR = 7.44 < .0001), back pain (OR = 4.4B,<
.0001) and fibromyalgia (OR = 4.8Q® =0.03) were associated with TMi2lated pain.
Furthermore, neck and back panemained related to TMielated pain, persistent or recurrent,
when the model included the painful comorbidities, vitik exception of migraine. Finally,
persistent TMDrelated pain cases were more likely to have fiboromyalgia (OR = B.82).01)
than te recurrent cases

Conclusion These results demonstrdtethat participants with musculoskeletal painful
conditions were more likely to have TMilated pain, regardless of TMD characteristics such
as recurrent and persistent TMElated painA significant difference was nonetheless noted on
the odds of fiboromyalgia betweepersistentand recurrentTMD-related pain Finally, the
association with migraine seems to be modified by the manifestation of other comorbid
conditions and type of TMelated pain as compared to other painful comorbidii@sour
knowledge, this study is the first to assess the association betweén pamorbid conditions

and TMDrelated pain (persistent or recurrent) regardless of occurrence of other painful
comorbid conditionsUnderstanding the relationship between TivlDated pain with painful
comorbid conditions will lead to better patient magragnt using a multidisciplinary approach

Xii



RESUME

Objectif: Les principaux objectifs de cette étude étaient de déterminer si: i) la douler liée
troubles de | 6articul a¢atassociteaampnmnaimeratdesdi bul ai r
comorbidités musculsquelettiques, et ii) la doulepersistante ou récurrentée aux TAT était

assocée a ces comorbidg

Méthode: Les données de 750 cas de doulégraux TMDi dont477furentclassés comme
ayant ded douleumpersistant@t 261 commeyant de la douleur récurneliée aux TMD ainsi
guel46 contrdlsi ontété obtenus a partiud’emporomandibular Joint Implant Registry and
Repositoryde laNational Institute of Dital and Craniofacial Researdta TIRR dela

NIDCR). Le diagnostic ddouleur liée au TMIa été déterminé par wxamen clinique en
utilisant un indicecraniomandibulae modifiég ou les questions de |'examen furent modifiées
afin d étre conformes a celles spécifiees p&tdsearctDiagnostic Criteria Les contrbles
étaientdes participants sans TMD. Les modéles de la douleupérsistant@u récurrente) et
les comorbidités ont été évalués au moyen de questionnaires de laL€dRRBmorbidités
douloureuses comprennent la migeaet les troubles muscudguelettiquesDes aalyses de
régression logistique univariée et multivariée ont été utilisés pour étudiestesadions entre la
douleur liée aux TMDet les comorbidités douloureuses.

Résultats Il y avait une différence sitficative dans I'age moyen des cas de douiéaraux

TMD (moyenne = 41,9, SD = 14,7) et des contrdles (moyenne = 34,2, SD = 13,8, P <0,0001) .
Les femmes étaient significativement plus frégeeparmisles cas (89 %) guearmisles
contrbles (66 % p < 0,0001) . Lintensité de douleur (010 NRS) dans les 6 derniers mois était
significativement plus élevémour la douleupersistante (moyenne = 7,8 , SD = 6§ pour la
douleurrécurrente (moyenne = 6.3, SD = 2,7, p <0,0@Baux TMD. Dangdes analyses
logistique multivariéajusté selon I'age , le sexdext comorbidités psychologiquea migraine
(OR =2,19 P=0,009 , les douleurs au cou (OR = 7.4B < 0,0001) , les maux de dos (OR =
4,45 ,P <0,0001) et la fibromyalgie (OR = 4,8® = 0,03) étaient associés a la douléts aux
TMD . En outre, Ile maux de cou ete dogestérent associésla douleutiée auxTMD,
persistante ou récurrente, lorsque le modeéle titetucomorbidités doulounses saufla

migraine. Enfin, les cas de doulgersistantes liee auxXVID étaient plus susceptibles d'avoir
une fibromyalgie (OR = 1,92P, = 0,01) que les cas récurrents.

Conclusion Ces résultats démontrent que les participants souffrant de pathohugieslo
squelettiques étaient plus susceptibles d'avoir des dolikssauxTMD, indépendamment des
caractéristiquede leursTMD, tels quda douleurrécurrente et persistaritée aux TMD
Cependant, I'association de la migraine semble étre modifi@ pnanifestation d'autres
comorbidités et le type de douldifre auxTMD liéescomparés d'autres comorbidités
douloureuses. Comprendre la relation entre la doliEiauxTMD et lesconditions
douloureuses comorbidesnduira a une meilleure gestides patients en utilisant une approche
multidisciplinaire.
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PREFACE

This thesis has followed a manuscript based thesis style. As per McGill University
standardsthe manuscripts included in thesis should be logigadlyerent 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 temporomandiigordesrelated pain.
Following a conciseintroduction of the topic in the first chaptahe second chapter provides
previous and currenknowledge in the fieldof temporomandibular disorder pai@hapter three
proposes the objectives of study basmd knowledge provided by the literature. Following a
comprehensive discussion of the methodology in chapter domanuscript is presentdeinally the

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

Multiple authorshave contributed in théhis thesis work e xpl i ci t appreciatior

contribution is mentionesh 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 pathsaibdity (1).
Studies havestimatedhat 5 to 10% of the population is affected by Tividated pairn(2, 3). A
TMD-related pain sufferer foaiently 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 theif4ife

Multiple studies have found that TMi2lated pain participants often report painful
conditions at sites other than the masticatory system (eigraine, neck pain, back pain and
fiboromyalgia) (5-11). Furthermore, mspective cohort studies show that patients with painful
comorbidities were more likely to present persistent Tkéated pain than those witha(® 12,

13). Rammelsbergt al demonstrated that the number of palpation sites (extra oral and body
sites) was a significant predictor of persistent TMsusremitted (OR= 1.81; 95% CI: 1.00
3.29,P = 0.05), and recurrent (OR = 1.18; 95% CI: 1i.aB35,P = 0.02)versuspersistent TMD

(14). The specific mechanisms implicated in theocourreice of TMD and comorbidity is not
clear but has been suggested that patients with comorbid conditions mhesegulation in
multiple systemg15).

The aim of this thesis was to ass#ss association between painful comorbidities and
TMD-related pain. More specifically, our primary aim was to determine TiMilD-related pain
was associated with migraine and musculoskeletal comorbidities; d@Persistent or recurrent

TMD-related pair was related to these comorbidities. Our general hypothesis is that participants



with painful comorbidities were more likely to have: persistent than recurrentfE\died pain;

and more severe pain.



2. LITERATURE REVIEW

2.1.1 Temporomandibular Disorders

Tempoomandibular Disorder (TMD) is a collective term wused to describe
musculoskeletal conditions characterized by pain in the muscle of mastication, the
temporomandibular joint, or botfi6). 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 Imitation of the jaw openindgl7). TMDs are the secwl most commonly
occurring musculoskeletal disorders (after chronic back pain) resulting in pain and digapility
The prevalence of TMBelated painranges between 5 to 10& 3), declining after 450 years
and being more commaamong females (28%) than males (@0%) (18, 19). The femaldo-
male gender prevalence ratio ranges from 1.2 tq1B6 One half to twethirds of people with

TMD will seek treatment and approximately 15% of them will develop chronic TMD

2.2  Epidemiology of Temporomandibular Disorders
2.2.1 Prevalence of Temporomandibular disordersrelated pain

Point and period nevalence of TMbBrelated pain are summarized in Tald. Point
prevalence is measured at a single point in time for each p&enmd prevalence & measure
of the proportion of people in a population that were present at any time during a specified
period of time.lt is used when it is difficult to determine if a disease is present or not in a

population(20).



A study among a random sample of 677 Canadian adults betwe@h yJéars of age
(67.7% response rate) reported an overall prevalehce5% and 7.5%, respectively, when
assessing pain in TMJ while opening mouth and chey@hyg

In a survey (Von Korffet 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 montls. 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%) ckpaite
during jaw movement in a survey carried out in 1993 (De Kaital), 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(8&les

A randomdigit dialing survey conductetsh Quebec, Canada (Goulet 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 poirgrevalence was found lowerittv increasing age (55+) and highest
among ages 254 yearg24).

Another randordigit dialing survey performed in New York metropolitan area (Jahal
al.) among 19,586 (60%participation rate) women (185 years) demonstrated that
approximately 10% of the individuals reported pain in face or in front of the jaw, in the past six
months. In thesame survey, 782 (39% participation rate) women received clinical examination
accordng 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



this study, a low concordance was foubetween the two rates in this stu@ensiivity =
42.7%)(3).

Approximately 5% of indiwduals 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 populaised survey (Isonet
al.) including 30,978 subjects (17,498 females and 13,480 males) fraonalaHealth Institute
Survey (NHIS), with 79% participation rate. The prevalence was higher among women (6.3%) as
compared to males (2.8%). Furthermore, -figpanic white women (6.7%) had a higher
prevalence as compared to Adispanic black women (5.1042).

A recent OPPERA cohort study conducted in 2011 (Séa@d) among 3,263 individuals
found thatwomen in the 3814 years age group reported the highest prevalence (7.1%) of TMD
related pain as compared to theZByears age group (3.5%). However, the overall prevalence
for all population was not estimatézb).

A number of early studies also investigated the prevalence of-idNéded pain. A study
conducted among Lapps of Northefinland (Helkimo et al) found that the estimated
prevalence of TMBErelated pain (facial or jaw pain) wd 0% in males and 14% in females. The
highest prevalence was within the age group efi8%ears old26). Similarly, in a sample of
young women in Sweden (Mohliet al) the prevalence of pain in the facial muscles or

temporomandibular joint was 6027).



Table 2-1. Prevalence of Temporomandibular Disorder Pain

Author/Year Study Sample size Disease Age range Assessment Prevalence (%)
design Definition
Von Korff et al, Cohort 1,016 Orofacial Pain 1875 Symptom 12
(1988) and Jaw pain Checklist
De Kanteret al, Survey 4,496 Jaw Pain 1574 Clinical 21
(1993) Examination
Gouletet al, Survey 897 TMD pain 18+ Telephone 30
(1995) Survey/
Questionnaire
Janalet al, (2008)| Survey 782 Myofacial TMD 1875 Telephone 10.5
SurveyClinical
Examination
Isonget al, Survey 30,987 Myofacial TMD - Selfreported 4.6
(2008)
Sladeet al, Cohort 3,263 TMD pain 3544 RDC/TMD 7.1
(2011)




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 ti{2@). 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 incidenceteas the number of new cases of disease during a period of time divided
by the persottime-atrisk throughout the observation period. The denominator for incidence rate
changes as individuals originally at risk develop the disease during the obseresittoly and
are removed from the denominat@s).

A few studies have estimated the incidence of FMIated pain (Table-2). A cohort
study (Von Korffet al) including 1016 HMO enrolees (15% dreput rate) aged 185 and
evaluating 5 pain conditions (back pain, severe headache, chest pain, abdominal pain and TMD
related pain), found that the estimated cumulative incidence of -Tddded pain was
approximately 2%29).

Another longitudinal cohort study conducted in 2007 (Nilsgbnal) among 2,255
participating (10% drojut rate) Swedish adolescents (ageell@B overthree years found an
annual incidence of 2.9%. The incidence of TivHlated pain was higher among gids5%) in
comparison to boys (1.3%30).

In 2013, Sladeet al carried out a cohort study among 2,737 individuals from a
community in the USA, demonstnag 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 gre@g $8ars) to 4.5% per annum



(age group 384 yeas) with increasing age. Furthermore, females (hazard=+&ti80) also had

a slightly higher incidence of TMIelated pain than mal¢31).

Table 2-2. Incidence of Temporomandibular Disorder Pain
Author Study design Sample size Disease Annual incidence %
Definition

Von Korff et al, Cohort 1,016 TMD pain 2.2
1993

Nilssonet al., 2007 Cohort 2,255 TMD pain 2.9

Sladeet al, Cohort 2,737 TMD pain 3.9
2013




2.3  Classification of Temporomandibular Disorders
To classify any disease or disorder, a classification system is formed for accurate
di agnoses. Many <c¢classifications have been pr
Symptom Severity Index (SSI), Craniomandibular Index (CMI) and Researghd3igc 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 Dworkinal to achieve greater reliability and
minimal variability in research and clinical setting@®). A characteristic feature of RDC/TMD
is its dualaxis approach, which withholds clinical examination (Axis 1) as well as psychological
assessment and paielated disability (Axis IlI) of the TMD subject. The Axis | of the RDC
divides TMD into three subgroup®i Group | (muscle disorders), Group Il (disc displacements)
and Group Il (joint diseases).

Group | TMDs have been further classified into myofascial pain (l.a) and myofascial pain
with limited opening (l.b). Myofascial pain is characterized by pathénmuscles 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 wilimitations in mandibular range of motion such as feee
unassisted opening of < 40 mm and passive str

Group Il TMDs (disc displacement) are further classified into three subtypes as
follow: a) disc displacement with reduction (ll.a), whdhe joint is paifiree, produce a clicking

sound on excursion with either opening or closing and/or clicking eliminated on protrusive



movement, b) disc displacement without reduction with limited opening (Il.b), characterized by
absence of TMJ clickingnd/ or pai nf ul unassisted opening
4mm, and c) disc displacememithout reduction without limited opening (ll.c), characterized by
painful unassisted opening (> 35mm and passive stretch > 4mm) with contralateral exalrsio
more than 7 mm.

Group Il TMDs are characterized by other common joint diseases. The diseases include
joint a) arthralgia (lll.a), defined as pain in the joint without crepitus, b) osteoarthritis (111.b),
characterized by pain in the joint with creif and c) osteoarthrosis (lll.c), defined as {ieae

joint with crepitus.

2.3.1.1Validity 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 toopide 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 phenommon (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 anteteyend corresponds
to theoretical concepts concerning the phenomenon under study. Lastly, criterion validity reflects
the extent that the measurements predict a directly observable phenorhienaver, reliability
instead refers to reproducibility apdecision of the instrument by a different group of people at

a different time and plad@8, 33).
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RDC/TMD has been widely studied for its reliability, ahds subsequently shown
appropriate results. A study by Jo&nal 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 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), whemgroses were
grouped into pain and neguain. Due to low prevalence of disc displacement without reduction,
osteoarthritis and osteoarthrosis the ICC could not be calculated and reported in tHi34tudy

Similarly, another studylLok et al) reported reliability of the RDC/TMD to be good to
excellent forthe diagnosis ofmyofascial pain and myofascial pain with limited openfkappa
(k) > 0.75). When groups were evaluated discretely, the score was reported to be good for
myofascial paink = 0.62),myofascial pain with limited openingk = 0.58), disc displacement
with reduction (k = 0.63), disc displacement without reduction with limited opening (k = 0.62),
arthralgia (k = 0.55) and combinddrthralgia and osteoarthritigk = 0.59). Moreover, the
results showed poor to slightly fajk = 0.317 0.43) score for disc displacement without
reduction without limited opening and osteoarthr¢35;.

A study (hiffmanet al) carried out to establish validated Axis | RDC/TMD included
614 cases diagnosed as TMD and 91 controls. T
O 0.95 for specificity. The r esudntsensitivityanth t hi s

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 |
diagnoses, target sensitivity and specifictgere observed at 0.87 and 0.98, respectively.
However, for group Il and group lll diagnoses the sensitivity and specificity remained low
Similarly, acceptable sensitivity (ranging from 0108.53) and specificityranging from 0.86
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 Il (osteoarthritis and osteoarthrosis),
sensitivity and specificity were reported to be lower (0.38.53) than lte target level$36).
However, more studies need to be carried out to continuously improve the quality of diagnostic
criteria(37).

As such, a recent study (Schiffmat al) in 2014 proposed a modified version of
RDC/TMD currently known as DC/TMD. This recommended eviddveeeed new DC/TMD has
been welthoughtout andis suitable for both clinical and researshttings. 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 sensitivitydi 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

reducton without limited opening (0.54, 0.79) and degenerative disease (0.55(38p1)

2.3.2 Craniomandibular Index
Craniomandibular ndex (CMI) was first introduced in 1986 by Frict@t 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 basedical examination,
objective criteria and its related scorif39).

The CMI was divided into subcategories such as Dysfunction Index and Palpation Index.
Calculation of Dysfunction Index wasd®d on examination of functional TMélated problems,
whereas, Palpation Index is calculated by adding the score of tenderness on palpation of the
muscles of mastication and the TMJ cap$8& 40).

A number of studies have been conducted Vfalidating the use of CMI. Astudy
conducted 987 (Frictoret 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 rest6). A few items in the CMI demand a single
examinen unawar e of t hido rgieshe iscera. inGCases svhemeltiple @xaminers
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 accuracyehi@sulted in a lack of popularity towards the CMI
in clinical patient care (Clarket al. 1993).

Another study (Pehlingt al) evaluated the criterion validity on the basis of CMI. The
agreement between the two indices for measurement of TMD sewastyhighly significant,
with an ICC = 0.97R < .001) and a mean CMI score of 0.26 (SD = 0.19) among 12 {satien

whereas, the mean scavas 0.26 (SD = 0.18§%1).

2.3.3 TMD -related pain characteristics
It has been demonstrated in studies wityear outcome that TMiPelated pain tends to

persist in about 30% of the patieli1s, 42). The International Association for the Study of Pain
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(1l ASP) defines chronic pain as fipain without
the normal tissue healing time (usuallktan t o b e (43. Thiscchranie pajnads also
classified as persisteror 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 recurrentasubject to controversy, as there is no valid dedin of persistent
or recurrent TMDrelated pain. Prevalence of persistent pain ranges from 29 to 31% and
recurrent TMDrelated pain ranges from 36 to 71% among a population of -féfided pain
patients(13).

The specific mechanisms implicated in the recurrence or persistence ofdltBd pain
are still unclear. Theories on the mechanism of chronic lBted pain are controversial,
ranging fromperipheral causes (such as trauma), to central mechanisms (such as depression,
catastrophizing, and genetic predisposition to central sensitization), or a combination of

peripheral and central theorigs)).

2.4  Aetiology of Temporomandibular Disorder Pain

Multiple studies have demonstrated that the aetiology of TrklBted pain is
multifactorial (45, 46) involving complex mechanisms such as, emotieafédctive system,
cognition, pain behaviour and enviroantal factorg47).

The term biopsychosocial was first introduced by Eergell, 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 biologicatiyuced disorder with illness.
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Furthermore, Dworkin and LeResche presented a comprehensive biopsychosocial model
of chronic pain development and experience to deeply understandrélisiied pain. The odel
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 §reamhic 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 systenThis 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 TMDrelated pain. Dworkin and LeResche developed a Research Diagnostic Criteria of
TMD for the systematic assessment of Tiviidated pain after the development of this model
(32).

Following evidence from the biopsychosocial model explained by Dwertkat, a new
model was propose@9). 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 haweraal amplification
due to dysfuaction in the central nervous stgm(50) (Figure 21). This abnormal amplification
in the peripheral stimuli plays a key ralethout any known injuryleading © functional pain
This type of pains characterized by painful comorbidities such as fibromyalgia, chronic neck
and shoulder pain, headaches, widespread pain or generalized hypersefisijivity

Over the years a variety of contributing factors have been sugdest@d/D-related

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

persistence of TMDrelated pain (Maixner, Diatchenkoet 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 disease(R0). A risk factor always precedes the onset of disease outcdfak-
known risk factors for TMErelated pairinclude gender, bruxism (i.e. clenchingfaumaand,
psychological factorsln this section, several studies with an overview of risk factors of -TMD

related pairare discussed.
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2.5.1 Gender

Data from several studies suggest that symptoms related toréMi@d painare 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 treatmenbased seeking behavior of falas(52). A study conducted in 1996 (Wanmehn
al.) demonstrated that men tend to recover faster compared to women. Furthermore, longer
duration of TMDrelated painsymptoms is perhaps the central reason for fesntdeseek
treatment more than malés3).

A survey conducted in 2011 (Sandet al) including 3,954 individuals reported a
difference of prevalence in males and females. In this survey, the symptoms efeldial pain
were significantly higher in females (12.6%) as compared to males ({58%)

Similarly, a retrospective crosectional study (SchmiSchwapet al) among 502
patients found a higher visual analog score (VAS) pain scores and padtpation (masticatory
muscles) among females in comparison to males. This study also reported a significantly lower
degree of mouth opening in femalés < 0.001). There was, moreover, an inverse association
found between perceived distress and symptofriBMD -related pain in female$(< 0.001)

(55).

Myofascial pain disorder symptoms were higher among females (54%, n = 62) than
males(56) in a cohort study (Douga#t al) including 207 subjects. It was found that females
seek treatment for TMelated pairmore than male€s7) in previous studies among females
who developed TMBrelated pairat the age of 17 (n = 25) and who were still untreated (92%, n
= 23) at the age of 28&ompared to malessho developed TMBErelated painand 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 grinding58). Nocturnal bruxism while sleeping is regarded as sleep bruxism
(SB). The prevalence estimate of bruxism ranges from 4% ta5862). Bruxism and its
association wititTMD-related pain are considered a debatable topic to date. The results of some
of these studies are discussed in the following section.

A casecontrol study (Marbackt al) observed that frequency clenching or grinding was
comparable among 15articipants with TMDBrelated painand 139 volunteers. These results
were in concordance with Cacchiatial, where the frequency of clenching or grinding was not
significantly different between 41 patients with TMBlated painand 40 dental studenti
these studies bruxism was assessed with question(Giyésl).

Another caseontrol study (Huanget al) including 97 subjectsvith only myofascial
pain, 20 with only arthralgia, 157 with both myofascial pain and arthralgia, and 195 controls
without TMD, found thatlenching was associated withyofascial pain alone (OR = 4.8), and
myofascial pain along with arthralgia (OR = 3.3). Oral habits amitbiag were assessed using
guestionnaire§s5).

These results are in agreement with another-castol study (Vellyet al) among 83
patients with myofascial pain and 100 controls, which also demonstrated that clenching was
related to myofascial painMore specifically, this study showed thatenchinggrinding
(OR=8.40; 95% CI: 2.74 25.73), and clenching only (OR = 2.54; 95% CI: 1i19.58) were
strongly related to chronic myofascial pain. In this study bruxismasssssed by questionnaires

(66). The results from these casentrol studies are in agreement with cohort studies.
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A prospectivecohort study (Ohrbachkt al) including 2,737 subjectslemonstrated that
oral parafunctionsassessed by the oral behaviors checklist, increases the risk ofrdidtéd
pain (RR = 1.14, 95% CI: 1.001.31)(67).

SB was assoated with myofascial pain (OR = 5.93, 95% CI: 3i121.02) in a case
control study (Fernandest al) including 272 patients in a universibased clinic, wherein
diagnosis of SB was in accordance with validated clinical diagnostic criteria proposed by
American Academy of Sleep Medicir(68). The results of this studsggree with those of a
previous study conducted in 1992 (Gowdeétal), which demonstrated a positive effect between
bruxism and TMDrelated pain

However, anothecasecontrol study (Raphaet al) among 124 women with myofascial
TMD-related painvho 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

methodg69).

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 astretehning, compression or
dental extraction, whereas indirect trauma is defined as sudden blow without having a direct
contact to the structures, such as whiplash inj &8s

Trauma to the temporomandibular joint is also consideresl af 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 vertebi@lumn 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 Afeader
matched controls with al&k injury assessed in a prospective cohort study (Kesc)
demonstrated that there are no significant differences between whiplash injuries and ankle
injuries in relation to the developmentT¥ID-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 assessmergsch,Hjorth et al. 2002.

A retrospectivecohort study (Huangt 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 pair(70). Similarly, a caseontrol study (Vellyet al), evaluating the contributing factors
to chronic myoéscial pain found that the patients with a history of head and neck trauma were
more likely to have myofascial pain (OR = 2.08; CI: 1i.0840)(66).

Another retrospective crosectional study (Plesket al) including 778 individuals
demonstrated a statistically significant relationship between thadneg and intensity of pain

in the patients who underwent surgé€riy).

2.5.4 Psychological Factors

Evidence suggests that some of the Tkélated pain patients experience more
psychological comorbidities compared to healthy individ(a’s75). Patients with TMDs have
been found to have psychological and behavioural characteristics similar to patients with other

comorbid pain condition§s8). Stress, anxiety and depriess are common among individuals
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with TMD-related pain, and as such, higher levels of s{i&&<7), anxiety(77), and depression
(76, 78) are noted among them.

A survey conducted in 2010 (Wit al) including 1,767 individuals with orofaciglin
(e.g. TMD) found that 30% of these patients reported psychological comorbidities (i.e. emotional
distress, anxiety and depressiof)9). Similarly, another survey (n = 2,299 individuals)
demonstratethat orofacial pain (e.g. TMD) subjects were more likely to report higher levels of
anxiety (OR = 3.5, 95% CI. 2.4 5.1) and depressiofOR = 4.6, 95% CI: 2.9 7.2) than
controls(80).

A casecontrol study (Huanget al) among 261 subjects with myofascial pain
demonstated that individuals with higer levels of somatization were more likely to have
myofascial pain and #malgia (OR = 5.1, 95% CI: 2.9 8.9) than myofascial pain alone
(OR=3.7, 95% CI: 2.0' 6.9); the instrument used to assess psychological comorbidities was
Symptom Checklist 9®Revised (SCIO0R)(65).

Similarly, Velly et al 0 s -canto$ study conducted with 83 cases and 100 controls
demonstrated that myofascial pain patients were more likely to have anxiety $aR95% ClI:

1.47 19.4) and depression (OR= 3.5, 95% CI:-1115) compared to controls. This study also
used SCL9I0 for the assessment of psychological comorbidi6és

A recent caseontrol study (Fillingimet al) including 1,633 controls and 185 TMD pain
cases showed that participants with TMéated pain were more likely to have higher levels of
anxiety, stress and depression as compared to co@DlsThe psychological combidities
were measured with SCR0R, Perceived Stress Scale (PSS) and -Staiié Anxiety Inventory
(STAI). Furthermore, a 5 year cohort study (Fillingiet al) among 2,737 participants

demonstrated that subjects exposed to psychological comorbidigesiépression, anxiety and

21



stress) were almost 1.3 times more likely to develop TdBted paini SLC-90R, PSS and
STAIl were used to assess these psychological comorbid&ds

Individuals with higher levels of anxiety were almost 3 times more likely to have chronic
orofacial pain than subjects who had @wevels (RR = 2.8, 95% CL.37 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 comorb{8&)es

Furthermore, another cohort study including 171 individuals showed that those with
depression (incidence densitgtio [IDR] = 3.2, 95% € 1.5 7 6.7) and perceived stress
(IDR =2.6, 95% CI: 1.2 5.5)had a higher risk to develop TMi2lated pain. In this study the
instruments used to assess psychological comorbidities were Brief Symptom Inventory (BSI),

PSS and STA(84).

2.6 Painful Comorbidities and Temporomandibular Disorder Pain

Comorbidities are defined as a fAconcurrent
medi cally diagnosed di (8% $cerific evidencetsiiggeststhatne i n d i
TMD-related pain coexists with painful comorbid conditions. Multiple studies have found that
TMD-related pairparticipants often report painful conditions at sites other than the masticatory
system (e.g., migraine, fibromyalgia, bgzkin and neck pair(p-11). Several studies noted that
the prevalence of comorbid pain conditions wagher among women than m6-88).
Moreover, Hspanics (OR = 1.6, 95% CI: 1i21.6) and Blacks (OR = 1.4, 95% CI. 1.3.8)
were also more likely than ndtispanic whites to report comorbid pain conditigdg). 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 orbitaneatus line of the head, which beginenfr the canthus of the eye to the
external auditory meatus. Migraine affects-14% of the general population, with females
experiencing migraines more often than mal@8-91). Migraine is common among TMD
related pain patient®2-96). The International Headache Society (IHS) diagnostic criteria for
migraine(97) and the Research Diagnostic Criteria (RDC)/TN8B) denote significant overlap
including headache, pecranial tendmess, and chronicity. Both TMielated pain and
migraine are mediated by trigeminal nerve/ganglion and characterized by pain in the head and/or
face, percranial tenderness and are more common in wg@@81, 99-101).

Multiple crosssectional and cassontrol studies have shown that individuals with TMD
related pain were almost 2 to 9 times more likely to have headache than d@Trb02106).

A casecontrol study conducted in 2011 (Andersenal) including 86 subjects with
painful TMD, 309 painful TMD subjects with h@aches, and 149 subjects without painful TMD
or headacheslemonstrated that TMielated pain patients with headaches were more likely to
have severe TMBelated pain. In this study ICDH tensiontype headache criteria was used for
the assessment of heatieq107).

Macfarlaneet al6 s -coatslestudy conducted among 1,981 participants found that
young adults with headache once or twice a m@@tR = 2.1, 95% CI: 1.2 3.7) or at least once
a week (OR = 3.7, 95% CI: 1i68.4) had an increased risk of orofacial p@&if). In addition, a
cohort study (LeReschet al) including 1,996 participants demonstrated that for adolescents

with headache, the risk of developing TME&lated pain was 2.7 times (95% CI: 1.8.4) that
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of those without headaeh. Children were asked if they ever had headaches in the past year
(108) in this study.

A nested caseontrol 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 pai@®R = 5.2, 95% ClI: 2.0 13.7)(109.

2.6.2 Musculoskeletal Comorbidties
2.6.2.1Fibromyalgia

Fibromyalgia is a musculoskeletal pain condition, characterized by widespread pain in
the body with fatigue, cognitive dysfunction and somatic sympt(ts 111). In the new
guidelines proposed e ACR (American College of Rheumatology), the former tender point

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

di agnostic criteria for fibromyalgia raedqui r e

SS is O 7, o6 withh8SWBI9js2B if the pain
months, and 3) no other disorder that could explain the(paih 112).

Fibromyalgia usually affects young or middle aged females in comparison to (hhBes
115. In the general population, the prevalence of fiboromyalgia ranges fré#h @13 116
117). Furthermore, many of the patients with fibromyalgia and widespread pain exhibit TMD
related pairn(12, 118-120).

A cohort study (LeRescheet al) including 1,996 adolescents (boys and girls)

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

developing TMDrelated pain within the next 3 years (OR = 3.2, 95% CIi B71) compared to
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those without these pain conditiors. this study pain conditionssewhere in the body were
classified using questionnair€08).

Aggarwalet al demonstrated that widespread pain and fiboromyalgia increased the risk of
orofacial pain in a cohort study including 1,735 subjects, where widespread pain predicted the
onset of orofacial pain (RR = 4.05% CI: 2.21 7.4). Chronic widespread pain was classified
using American College of Rheumatologyidelineg(83).

A cohort study (Johret al.) including 397 participants showed that among women
without dysfunctional TMDBrelated pain at baseline, widespread pain was a risk factor for
development of TMBrelated pain (OR = 1.9, 95% CI 1.2.8,P = 0.003). In this study, graded
chronic pain wa used for the assessment of aiz).

Velly et al conducted a cohort study in 2010 among 485 participants, demonstrating that
baseline widespread pain (OR: 2.537 0.04) was related to the onset of clinically significant
TMD-related pain; chronic widespread pain was classified using American College of

Rheumatology guideling®).

2.6.2.2Back and Neck pain

Multiple studies have reported that neck and back pain symptoms are commonly reported
by individuals with TMDrelated pain (16% to 93%p, 87, 103 121-123). Several cross
sectional and caseontrol studies demonstrated that subjects with Tidated pain are 3 to 5
times more likely to have back pain compared to individuals without Tél&ted pair(87, 103
106). Moreover, participants with TMidelated pain are also more likely to report neck pain
(OR= 4.0i 7.9)(87, 106).

A nested caseontrol study including 1,981 participants found that adults with intermittent
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(OR= 3.6; 95%CI: 2.25.9) and frequent (OR= 5.3; 95%CI: 21%.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 usiiogiogiess(76).

Another nestedasecontrol 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 weitih spinal pailOR= 2.9; 95% CI. 1.%.2). It also
showed that females with spinal pain were almost 5 times more likely to developrdisted
pain(109.

Adolescents who were exposed to back pad an increased likelihood of TMi2lated
pain compared to the unexposed group (OR = 3.9, 95% Ql6.8Rin a prospectiveohort
study conducted among 1,981 individu@l88).

Furthermore, anatched caseontrol study, includin@6 cases with longerm back pain
and 192 controlfound that back pain cases were 7 times more li{@396 Cl: 3.913.7)to have

TMD compared to control&l24).
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3. STUDY OBJECTIVES

The general aim of this project was to asséss association between painful

comorbidities and TMErelated pain. More specifically, our primary aim was to determine if:

i) TMD-relatedpain was associated with migraine and musculoskeletal comorbidities.
i) Persistent or recurrent TMElated pain was related to painful comorbidities.
iii) Participants with painful comorbidities were more likely to have: persistent than

recurrent TMDrelated @in; 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 thestudy 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 compusedéaod u

analysis in this study

4.2  Study design

A casecontrol analysis was useth this study Casecontrol study is a type of
observational analytic epidemiologic investigation that compares the frequency of exposure
(painful comorbidities) between subjects who developed the disease-(d@lstBd pain), and
those without the disease (without TMDBJontrols 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 castective in comparison to other study designs, 2) it allows
identification of associated factorwith disease having low incidence, and rB)ltiple risk

factors can be examined for a single dis€428§).
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However, caseontrol studies are subject to certain types of bias such as selection and
information bias. Itis 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 withocds# degyn will be

explained in detail in the discussion chapter.

43 National I nstitute of De MéempéromandidulaCioini of ac
Implant Registry and Repository

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

l nstitute of Dent al and Craniofaci al Research
Repository (NIDCRG6s TIRR). This database is |
of Ameri ca. NI DCRO s TIRR mai nt ldchnmnsludes MR nsi v e

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

surgical and implant data, and dental rec@i@s%).

4.4  Study population

TMD-related pain patients and controls were selected from the National Insiitute
Dent al and Craniofaci al Researchdés Tempor oman
(NI DCRO0s TIRR). These participants were recru
of the United States. All subjects who agreed to participate signatsarddorm 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) 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,
Hepatiti s, Parkinsonods di s Armemid Sexudlly [Transmitteé Sc | «

Disease, and Human Immuseficiency 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 else@hd@inical
examination form in Appendix). Calibrated examiniers om t he NI DCR6s TI RR d
the basis of their clinical evaluah, and the presence of TMiglated 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 fromthe NIDEBBR TI1 RR dental <clinics as
groups. They received the same clinical examination as reported (section 4.4.2). Controls were

subjects; who visited clinics for any problem except Txéated pain Controls were selected
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from the NIDCROGs TI RR cl-ielated@arree populatioo, bulvieop r e s e n
areat risk to develop TMBrelated pain.

In every case contrgtudy the selection of controls is considered one of the most critical
steps in the study. Thoselscted 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 cakdhis strategy meant that the cai$ in our study could possibly

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

4.5Assessment and Data Collection
The instrument used in this study to assess expasuiearacteristic of interegpairful

comorbidi es) was NI DCROGs TIRRs medical questionna

4.5.1 Putative Exposure

To measure putativexposure (painful comorbidities), all patients completed a detailed
guestionnairewhich 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 ¥#M&ted pain (see section
4.4.2. Patients were further classified into TMD pain subgroups of persistent or recurrent TMD
related palby answering the question AWhat i s the
response being 1) persistent pain 2) recurrent pain and 3) pain one time. Pepieniisg pain
only one timewere not included in the studiedical questionnaire in Appendi

In addition, pain intensity was assessed using three questions from the Graded Chronic
Pain Scale (GCPS)onascaleef® numeric rating scale (NRS):
wor st pain at present ti me?0 20urwirstpainr?toh e3 ) p &isl tn

the past six months, on average, how intense was your pvarst {127)0

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 occ(ifidbceelated
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 confoundindeirastuoverestimation or an
underestimation of the effect (e.g. odds ratj®28. There are several meti®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. Chsquare, Student'stést and ANOVA were used to compare categorical and
continuous variables between groups in this study. Asghare stigstic is a measure of how
much the observed cell counts in a tway 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 summatbthe cells is taken. The value of the-slquare will
either provide evidence against or towards the null hypothesis.

Null hypothesis is a statementmd effector no differencl Moor e, 2005). A s
test was performed in addition to the-eluare 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 andamtrols.

Unpaired logistic regression analysis was used for the association betweenelEWd

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 isthef'predictor variable, i = 1, 2, 3ék;

b, is the log odds of probability of outcome when predictor variables have a value of zero
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b; is the regression parameter associated with"tddictor variable such that odds ratio

associated with increase in ondtwf the " variable, when other variables are constant, is
OR;=¢é"

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 testgere used to compare categorical and continuous variables
between groups: TMDelated painversuscontrols, persistent arecurrent TMDrelated pain
versuscontrols, and persistemersusrecurrent TMDrelated pain.

We performed unconditional univariate and multivariable logistic regression analyses to
assess the association between painful comorbidities (independent variables) andlatstD
pain (dependent variables). Stratification by dgmandTMJ surgery was péormed in these
anal yses because a | arge number of patients
All analyses were adjusted for age, gender and psychological comorbidities.

Moreover, we performed unconditional univariate and multivariable logistiression
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 test129) was used to assess the significanfcée odds ratio and of
the interaction in the model. These termere 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 thi 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 pdsic power analysis for the manuscript
used in the thesi@ables 41, 4-2 and 43). Power analysesere performed using Power Sample
size (PS) software version 3.0.

This current study was planned to ensam@adequate power to assess TM#ated pain
and painful comorbidities. We estimated the power for 261 recurrent-fie\éed pain, 477
persistent TMbBrelated pain and 750 TMielated 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 0.8000 to perform statistad analyses in

this study(Figures 41, 42, 43 and 44).

Table 4-1. Power analysis for the association between TMelated pain and painful
comorbidities
Comorbidities TMD-related pain (i 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 betwegpersistent TMD -related pain and

painful comorbidities

Comorbidities TMD-related pain (n = 4737
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 TMielated 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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Abstract

Objective: The primary aims of this stly were to determine if: ifemporomandibular Disorder
(TMD)-related pain is associated with migraine and musculoskeletal comorbidities; and
i) persistent or recurrent TMielated pain is related to these comorbidities.

Method: Data from 750 TMDBrelated pain cases, from which 477 were classified as persistent,
261 as recurrent TMielated pain, and 146 controls were obtained from the National Institute of
Dent al and Craniofacial Resear c h dand REmsipry r o man
(NI DCR6s TIRR) . T hretatedd paia was determsneddy clinlc Bxamination
using a modified Craniomandibular Index wherein the exam items were redesigned to conform
to those specified for the Research Diagnostic Criteria.r@lsntere 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 lodis regression analyses were used to investigate the
associations between TMi2lated pain and painful comorbidities.

Results: There was a significant difference in the mean age of IBlBted pain cases
(mean=41.9, SD = 14.7) and of controls (mean 234D = 13.8P < .0001). Females were
significantly more prevalent among cases (89%) than controls (B6%6,0001). The mean of

pain intensity on €00 numeric rating scale (NRS) in the last 6 months was significantly higher
for persistent (mean 7.8, P = 2.6) as compared to recurrent (mean = 6.3, SD =R24,
0.001). In multivariable logistic analyses adjusted by age, gender, and psychological
comorbidities, migraine (Odds Ratio [OR] = 2.9 0.004),neck pain (OR = 7.44 < .0001),

back pain (OR= 4.45,P < .0001) and fibromyalgia (OR = 4.8B,= 0.03) were associated with
TMD-related pain. Furthermore, neck and back pain remained related terdlsted pain,
persistent or recurrent, when the model included the painful comorbidities, with erceptio
migraine. Finally, prsistent TMDrelated pain cases were more likely to have diagnosis of
fiboromyalgia (OR = 1.92P = 0.01) than the recurrent cases

Conclusion These results demonstrdtéhat participants witmeck and back paiwere more

likely to have TMDrelated pain, regardless of TMD characteristics such as recurrent and
persistent TMBrelated pain.A significant difference was nonetheless noted on the odds of
fiboromyalgia betweerpersistentand recurrenTMD-related painFinally, 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 comorbidifiesour knowledge, this study is

the first to assess the association betweainful comorbid conditions and TMi2lated pain
(persistent  or recurrent) regardless of occurrence of other painful comorbid
conditions.Understanding the relationship between Ti¥#ated pain with painful comorbid
conditions will lead to better patiemtanagement 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 (aftaronic back pain) resulting in pain and disab({i)y
It has been estimated that 5 to 10% of the population is affected byréM®ed pain(2, 3). A
TMD-related pain sufferer frequently visits multiple healthcare providers in sefeclcure 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 TMi2lated pain patients often report painful
conditions at sites other than the masticatory system (e.g., migraine, fioromyalgia, back pain and
neck pain)(5-11). Furthermore, mspective cohort studies show that patients with painful
comorbidities were more likely to present persistent Fid@ted pain than those withai® 12,

13). Rammelsberget al demonstrated that the number of palpation sites (extra oral and body
sites) was a significant predictor of persisteatsusremitted TMD (Odds ratio [OR] = 1.81;

95% CI: 1.00¢ 3.29,P = 0.05), and recurrent (OR = 1.18; 95% CI: 1i0B35,P = 0.02)versus
persistent TMD(14). The specific mechanisms implicated in theocaurrence offMD and
comorbidity is not clear but has been suggested that patients with comorbid conditions present
dysregulation in multiple systen($5).

The overall purpose of this casentrol study was to assess the association between
painful comorbidities and TMBelated pain. More specifically, our primary aim was to
determine if: i)TMD-related pain was associated with migraine and musculoskeletal
comorbidities; and iiPersistent or recurrent TMERlated 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 TM&ated pain and ii) increaggain severityTo
our knowledge, this study is the first to assess the association between painful comorbid
conditions and TMBErelated pain persistent or recurrentegardless of occurrence of other

painful comorbid conditions.

Methods
Study population

In this casecontrol study, 750 TMErelated pain participants and controls were selected
from the National Institute of Dental afdr ani of aci al Researchos Ten
| mpl ant Registry and Reposit or yart€ipantvadwere TI RR
unable to converse in Englistnder 18 years of age or with rare diseases such as tuberculosis,
i ver di seases, hepatiti s, sRiderceliamemansgsiallydi s ea
transmitted disease, and human immunodefayievirus 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 perfored a comprehensive diagnostic examination of all participants.
The diagnosis of TMBrelated pain was determined by clinical assessment using a modified
Craniomandibular Index (CMI) wherein the CMI examination items were redesigned to conform
precisely to hose specified for thdkesearch Diagnostic Criteria (RD@)130. The CMI
examination has shown to have an excellent Hrdaral nterexaminer reliability and validity

(41).
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Participants were classified into TMi2lated painsubgroups as persistent or recurrent
TMD-related pain based on thern s wer t o t he q patem of gour wirsvh a t i
problen? dhe responsewere 1) persistent paijr2) recurrent paimor 3) pain one timeTwelve
participants were excluded from these analyses because they reported pain only once, instead of
persistently or recurrently. Pain intensity was assessig Graded Chronic Pain Scale (GCPS)
onaBl0 numeric rating scalratE@NR®)e: wb)y siHpwi wo La
2) Aln the past six mompame BpPpwAlnt ehseepwas §O0O

average, how intense was your wqrain® (127).

Putative Exposure
The painful comorbidities identified (yes/no) through the medical health TIRR
guestionnaire wermigraine, neck pain, back pain and fiboromyalgia. 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 healthtreatment, 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 theanalysis as another putative confounder.
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Statistical analysis

Chi-square, Student's-tést and ANOVA were used to compare categorical and
continuous variables between groups: Tiated pairnversuscontrols and persisteneécurrent
TMD-related pain versus controls, and persistenversus recurrent TMDrelated 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
temporomandi bular joint (TMJ) surgery because
TIRR received TMJ surgeries. All analyses were adjusted for age, gender and psychologica
comorbidities. Moreover, we also performed unconditional univariate and multivariable logistic
regression analyses to evaluate the association between painful comorbidities and persistent or
recurrent TMDrelated pain. These analyses were adjusted fer @gnder and psychological
comorbidities. Odds ratios (OR) were estimated with 95% confidence intervals (CI). Pearson
correlation was performed to appraise the association betweenré&lsied pain and the average
pain intensity in the past 6 months. Alhadyses were performed with SAS 9.3 software

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

Results

Table 51 shows demographics of 750 TMiglated pain participants and 146 controls.
TMD-related pain cases more frequently reported gtersi (n = 477/738, 65%) than recurrent
pain (n=261/738, 35%pP < .0001). Relative to controls, TMElated pain patients were more
likely to be femalesH < .0001) and oldeq< .0001). These differences remained when controls

were compared tpersistent or recurrent TMEelated pain cases.
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Table 5-2 illustrates the pain characteristics among Télated pain cases and its
subtypes (persistent and recurrent pain). The average pain intensity in the past 6 malhs (0O
NRS) was moderate (mean56; SD = 2.6). Pain intensity was more severe among persistent

than recurrent TMBrelated pain® < .0001)

Painful Comorbidities with TMD -related pain and subgroups

Table 5-3 shows the frequency of comorbidities among cases and controls. The most
comma comorbidities among TMPelated pain cases were neck pain (n = 316; 55%) and back
pain (n=265; 46%), while migraine (n = 21; 15%) and back pain (n =108%) were most
common among contralsFigure 5-1 shows the frequency of the count of these painful
comorbidities among cases and controls. Fklated pain cases (29%) often reported more
than one painful comorbid condition, contrary to controls (4%). Tidlated pain was strongly
related to a greater number of painful comorbidities in crudeXGR4;95% CI. 2.531 4.95
P < .0001) and multivariable models adjusted by age and gender (OR = 2.86; 95% GI: 2.00
4.07, P <.0001) andgysychological comorbiditie€OR = 2.65; 95% CI: 1.84 3.81,P < .0001).
The magnitude of the effect relative to contrdisl not change significantly for persistent
(OR=2.95, 95% CI: 2.01 4.31,P < .0001) and recurrent TMielated pain (OR = 2.25, 95%
Cl: 1.517 3.34,P < .0001). However, persistent TMi2lated pain cases were more likely to
have a greater number of corbmlities than the recurrent cases (OR = 1.23, 95% CI: 1..03
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 FM@ted painln the crude
analysis, TMD-related pain cases were 3.5 times as likely than controls to have migraine
(OR=3.47;P < .0001). This significanassociation remained when the model was adjusted b
age and gender (OR = 2.98= 0.003) and psychological comorbidities (OR = 2R$; 0.004).
In the stratified analyses, we observed that FMIated pain female cases were more likely to
have migraine than female controls (OR = 2.03; 95% CI: 1.342, 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: 0.787 11.75,P = 0.11). We inveggated 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: 0.97 2.91,P =0.12, Table ).

Furthermore,we noted that compared to controls, TMé&ated pain cases who
underwent TMJ surgery (n356, OR = 2.91P = 0.0003)or who did not (n 55653 OR=1.81, P
= 0.087) showed a greater likelihood to have migraine, regardkédbeir age, gender and
psychological factors. A positive association was noted wiemiodel was adjusted Ipainful
comorbiditiesamongcontrols and TMbBrelated painpatientswho receivedsurgey (n = 165;
OR=2.53, P = 0.009) but no significantassociatiorwasnoted withTMD-related pairand no
surgery(n = 344,0R=1.29, P = 0.43(Tables 5-5 and 56).

Crude and adjusted odds ratios for persistent and recufidibt-related pain are
presented in TablB-4. Migraine remains associated with persistent (OR = 2730.004) and

recurrent TMDrelated pain (OR = 2.44 = 0.01) in the multivariable analysis adjusted by age
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and gender. This result remained significant for persistent (OR =R.2%).004) and recurrent
TMD-related pain (OR = 2.1® = 0.001) when we adjusted the analysis by age, gender and
psychological comorbidities. This result remained significant forigters TMD-related pain
(OR=1.87, 95% CI: 1.00 3.48,P = 0.05) when the model was adjusted by other painful
comorbidities, and no significant association was observed with recurrentréldied pain
(OR=1.38, 95% CI: 0.70 2.73,P = 0.35). No signitant difference was observed between
persistent and recurrent TMi2lated pain groups (OR = 1.08; 95% CI: 0i7261;P = 0.71). A
moderate positive correlation was noted between migraine and pain intensity (r = 0.29,

P <.0001).

Neck pain

Neck pain wa also strongly related to TMEelated pain in the univariate (OR = 13.47,
P <.0001) and in the multivariable model adjusted by age and gender (OR £&702001),
and psychological comorbidities (OR = 7.4&< .0001). Furthermore, the magnitude dkeet
previously reported was similar among males (OR = 7.38; 95% CI:113%45) and females
(OR =7.2495% CI: 3.42 15.33). TMDrelated pain remained moderately related to neck pain
in a model adjusted by other painful comorbid conditions €GFO5 P < .0001) (Tablé-4).

TMD-related pain cases who underwvsargery (n= 293, OR = 10.12P < 0.0QL) or not
(n=472, OR =6.31, 95% CI: 3.1512.62,P < .0001) were both more likely to have neck pain
than controls, regardless their age, gender and psychological factahen the model was
adjusted by the comorbiditiedii$ relationship remained regardlesfsthe presencén = 165,
OR=7.31,P < 0.0001) or nobf a surgery (rr 344; OR=4.24,P = 0.0001) (Tables5 and 5

6).
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In addition, in a multivariablenodel adjusted by age and gender, Tkéated pain cases
with persistent (OR = 11.88 < .0001) and recurrent pain (OR5:58; P < .0001) were more
likely to have neck pain compared to cofdr(Table5-4). This association remained when the
model was adjusted by age, gender and psychological comorbidities: persistent (OR = 9.93;
P <.0001) and recurrent TMielated pain (OR = 5.0 < .0001). A positive association was
noted when the modelas adjusted by other painful comorbidities: TAdBrsistent (OR- 6.66,
95% CI: 3.16/ 14.01,P < 0.0001) and recurrent (OR3.44, 95% CI: 1.51 7.88,P = 0.003).
Persistent TMErelated pain cases were more likely to have neck pain than the recurest cas
(OR =2.34; 95% CI: 1.48 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 TMBrelated pain were almost 8 times as likely to have back pain in
comparison to controls in a crude analysis (OR = 78%;.0001). The magnitude of this effect
was lower but remained significant when the model was adjusted by ageradet (OR = 5.30;
P < .0001), and psychological comorbidities (OR = 4.#5< .0001) (Table5-3). More
specifically, this association was moderate among males (OR = 6.95; 95% CT. 3485,
P =0.02) and weaker among females (OR = 3.92; 95% CI:11Q79,P < .0001). Furthermore,
back pain remained related to TMBlated pain, regardless of other painful comorbidities, age,
gender and psychological comorbidities (OR = 2E39,0.02, Table-3).

Relative to controls, the relationship between back pad TMDrelated pain remained
among cases who did notcesve surgery (n = 472, OR =34, P < .0001) and thoseho 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=(344;0R=2.50,P = 0.010), but
nat with TMD-related pain andurgery (1 = 165;0R = 1.62, P = 0.26) (Tables 55 and 56).

Moreover, in an adjusted model by age and gender, back pain remained associated with
persistent (OR = 5.9592 < .0001) and recurrentMD-related pain (OR = 3.93 = 0.0006)
(Table5-4). These relations between back pain and persistent or recurrenirdiM&d pain
were not modified when the models also included age, gender and psychological comorbidities:
persistent TMD (OR = 5.0®, < .0001) and recurrent TMD (OR = 3.48= 0.0004) (Tablé&-4).

This result exhibited a borderline association when the meds adjusted by other painful
comorbidities: persistent TMD (OR2.25, 95% CI: 1.09 4.64,P = 0.05) and recurrent TMD
(OR=2.05, 95% CI: 0.94 4.45,P = 0.07), without significant difference between persistent
and recurrent cases (GRL.07, 95% CI:0.697 1.64,P = 0.78). A moderate correlation was

noted between back pain and pain intensity (r = (®24,0001).

Fibromyalgia

In a crude analysis, a strong association was observed betweerreldté&d pain and
fiboromyalgia (OR = 11.63P = 0.0007. This relationship was significantly confounded by age,
gender (OR =5.93 < 0.019, andpsychological comorbiditie€R = 4.80;P = 0.03) (Tableb-
3). Moreover, TMDrelated pain female cases were more likely to have fibromyalgia
(OR=4.12; 95% CI: 1007 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.
Furthermorejn a model adjusted by age, gender and psychological comorbidéliatye to
corntrols, TMD-related pain cases who did not undergo surgery were more likely to have

fibromyalgia (n = 551, OR #.1Q P = 0.05). A moderate, but not significant association was
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noted between fibromyalgia and TM@lated pain cases who underwent surgery 885; OR =
5.40 P = 0.@5) (Tables 55 and 56).

In an adjusted model by age and genfieromyalgia was more strongly associated with
persistent TMBrelated pain (OR = 6.742 = 0.001) than with TMErelated recurrent pain
(OR=4.32;P = 0.06). Fibromyglgia remained strongly associated with persistent TrelBted
pain (OR = 5.38P = 0.02), while the association with TMi2lated recurrent pain (OR = 3.57,
P=0.11) was moderate but not significant. The analyses were adjusted by age, gender and
psychologcal comorbidities (Tabl&-4). A significant difference was noted between persistent
and recurrent TMBrelated pain (OR = 1.92; 95% CI: 1.14.22,P = 0.01). Fibromyalgia was

weakly correlated with pain intensity£r0.19,P < .0001).

Discussion

This study demonstratddr the first timethat painful comorbidities such as neck pain
back pain and fiboromyalgia are associated to FM@ted pain, regardless of TMielated pain
quality: either persistent or recurrent pain. The relationship with mgeppears to be modified
by the type of TMDBrelated pain: as persistent or recurrent, and by the presence of other painful
comorbid conditions.

The significant association between TMe&ated pain and migraine is expected, as
cohort studies demonstratedat participants with headache were 3 to 9 times as likely to
develop TMDrelated pain(108 131). In addition, our results are supported by multiple case
controls studies that demonstrated Tividated pain participants were 2 to 7 times more likely
to report migraing8, 73, 87, 132). Moreover, migraine was related to persistent or recurrent

TMD-related pain, regardless of patients age, gender or psychological comorbiditieb{Zable
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This phenomenon of recurrent TMiBlated pain could be coinciding with thewerent nature of
migraine headach@ 33). In a qualitative study, Nilssagt al interviewed adolescents for TMD
related pain experience, concluding that adolescents with TMD live with recurrerit waich
coincides with headachegl34). However, a clear biological mechanism underlying the
association between persistent TNM@&ated pain and migraine has yet to be elucidated. A
moderate positive corrdlan was noted between migraine and pain intensity (r = 0.29,
P <.0001), which is in agreement with Andersetral who reported a significant association of
headaches and TMD pain intensiB/< 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 (Table5-3). These results are in agreement with a cohort study, in which
participants with back pain were almost 4 times as likely to develop-Té¥dded pair{108), and
with casecontrol studies that showed a significant association between-fElded pain and
back and neck pain, with OR estimates ranging from 5.0 t(88,0.35). Furthermore, we found
that participants with back or neck pain were more likely to have parsend recurrent TMD
related pain (Tabl&-4), which is partially in agreement with Rammelsbet@l who found that
patients with many body pain sitdse@dache, chest pain, back pain and abdomina) pesre
more likely to have persistent TMi2lated pain. We also found a moderate to strong correlation
between neck and back pain, and pain intensity. However, Rammeétkargid not find any
significant association with pain intensity and number afytoain siteg13).

In our studyfibromyalgia was strongly related to TMi2lated pain in a model adjusted
by age and gender and psychological comorbidities (T&B)e These results are in agreement

with cohort and caseontrol studies which found a positive relationship between widespread
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body pain and TMBErelated pain(9, 12, 73, 83). Furthermore, ibromyalgia was related to
persistent TMDrelated 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)likelhave persistent TMielated pain

than those without these comorbidit{8s12, 29). This persistence of pain could be explaibgd

the chronicity and persistent nature of fiboromyal(fid5). 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 Rammelsbergl, who demonstrated that
participants with myofacial pain, as well as pain in several body sites (headaesigpain, back

pain and abdominal pain) at baseline were more likely to have persistenirdited pain in
comparison to recurrent or remitted TMBlated pain, over a period ofygars(13).

The findings of this study should be interpreted in the contexisdimitations. First,
comorbidities were selfeported 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 fwegcy of painful comorbid conditions among TMé&ated pain
cases [migraine (39%), neck pain (55%), back pain (46%) and fibromyalgia (15%)] were similar
to the frequency estimates reported in previous studies [migrair&3aY (5, 96, 136, 137),
neck and back pain (428%) (5, 87, 138 and fibromyalgia (13.8%) (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 byR@elsberget al year, while the frequency of recurrent TMD
related pain (36%) is similar to our study (35%), the frequency of persistentréldied pain

(31%) was lower than in our study (65%). The higher frequency of persistentré&lstied pain

inourg udy may be due to TMD participants from
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surgeries. Third, the relationship between comorbidities and-félHded pain may be biased by
unmeasured confounding variables.

Our study has several strengths. First,
representative sample of participants with Tivilated pain. Second, our sample size in this
study is large, which provides sufficient power to perform analyses explornetattonship
between painful comorbidities and persistent or recurrent FTé&ted pain. Based on the large
sample size, odds ratios and the prevalence of comorbidities (EaBlasd5-4), this study had
sufficient power, ranging from 80% to 100%. Thdylow power analysis (65%) was that of
fibromyalgia and TMDBrecurrent pain (OR = 3.57, 95% CI: 0.i786.40). Third, all participants

received a clinical examination by trained examiners, for the diagnosis ofréMi2d pain.

In conclusion, the currg study demonstradethat participants witmeck and back pain
were more likely to have TMielated pain, regardless of TMD characteristics such as recurrent
and persistent TMBelated painA significant difference was nonetheless noted on the odds of
fibromyalgia betweempersistentand recurrenfMD-related painThe 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. Understameinglationship between
TMD-related pain with painful comorbid conditions will lead to better patient management using

a multidisciplinary approach
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Table 51. Demographics of TMD cases (persistent and recurrent) and controls

Demographics Controls Cases Persistent TMD Recurrent TMD
(n =146) (n = 750) (n=477) (n=261)
Age 34.2 (13.8)* 41.9 (14.7)* 40.7 (14.2)* 44.1 (15.3)*
mean (SD)
Males 50(34) 84 (11) 53 (11) 29 (11)
n (%)
Females 96 (66)* 666 (89)* 424 (89)* 232 (89)*
n (%)
* P<0.05
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Table 52. Pain characteristics of TMD cases, subgroups of TMBelated pain

Cases Persistent TMD Recurrent TMD
(n =750) (n=477) (n=261)
Worst pain at 4.9 (3.1) 5.8 (2.9)* 3.5 (2.7)*
present time
mean (SD)
Worst pain 7.2 (2.8) 7.8 (2.6)* 6.3 (2.7)*
intensity in the
past six months
mean (SD)
Average worst 5.6 (2.6) 6.1 (2.6)* 4.7(2.4)*

pain in the past
six months
mean (SD)

*P<0.05
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Table 5-3. Crude and adjusted OR and 95% CI for the association between TMelated pain and painful comorbidities.

Comorbidity | Category | Case/ Crude Model 1 Model 2 Model 3
Controls
(n)
Migraine No 446/116 1.0 (Referent)
Yes 280/21 3.47 (2.135.65) 2.58 (1.544.34) 2.19 (1.29 3.72) 1.63 (0.912.91)
Neck Pain No 260/122 1.0 (Referent)
Yes 316/11 | 13.47 (7.1225.51) | 8.72 (4.5116.87) | 7.44 (3.7714.53) 4.95 (2.4210.13)
Back Pain No 311/120 1.0 (Referent)
Yes 265/13 7.87 (4.3414.26) | 5.30 (2.869.84) 4.45 (2.378.37) 2.39 (1.214.71)
Fibromyalgia No 615/135 1.0 (Referent)
Yes 106/2 11.63 (2.8447.71) | 5.93 (1.4124.88) | 4.80(1.1219.93) Not included

Model 1: Adjusted by age (OR = 1.03 to 1.84 .0001) and gender (OR = 3.38 to 4.B8; .0001).

Model 2: Adjusted by age (OR = 1.03 to 1.84 .0001), gender (OR = 3.04 to 3.4 .0001) angsychological comorbiditie®OR =
1.21 to 1.34P < .05).

Model 3: Adjusted by full model including all comorbidities, except fibromyalgia: age (OR =R 03)001), gender (OR = 2.8B,<
.0001), and psychological comorbidities (OR = 1R 4,0.13).
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Table 54. Crude and adjusted OR and 95% CI for the association between painful comorbidities and persistent or recurrent
TMD -related pain.

Comorbidity TMD-related Category Case/ Crude Model 1 Model 2
pain Control (n)

Migraine Persistent No 275/116 1.0 (Referent)
Yes 186/21 3.74 (2.266.16) 2.73 (1.664.66) 2.25 (1.363.89)

Recurrent No 163/116 1.0 (Referent)
Yes 91/21 3.08 (1.815.24) 2.44 (1.364.38) 2.19 (1.263.99)

Neck Pain Persistent No 133/122 1.0 (Referent)
Yes 214/11 17.84 (9.2834.30) | 11.82(5.9823.38) | 9.93 (4.9619.88)

Recurrent No 120/122 1.0 (Referent)
Yes 99/11 9.15(4.6717.92) 5.58 (2.7111.45) 5.02 (2.3710.60)

Back Pain Persistent No 179/120 1.0 (Referent)
Yes 168/13 8.66 (4.7115.94) 5.95 (3.1411.28) 5.01 (2.629.61)

Recurrent No 127/120 1.0 (Referent)
Yes 92/13 6.69 (3.5512.58) 3.93 (2.007.74) 3.48 (1.737.04)

Fibromyalgia Persistent No 383/135 1.0 (Referent)
Yes 7412 13.04 (3.1663.85) | 6.74 (1.5928.58) | 5.38 (1.2623.00)

Recurrent No 223/135 1.0 (Referent)
Yes 30/2 9.08 (2.1438.60) 4.32 (0.9320.14) 3.57 (0.7816.40)

Model 1: Adjusted by age (OR = 1.03 to 1.85 .0004) and gender (OR = 3.77 to 4.B%; .0001).
Model 2: Adjusted by age (OR =1.03 to 1.8%5 .0001), gender (OR = 2.80 to 3.96< .0007). Bychological comorbidities:

Persistent TMD (OR = 1.27 to 1.49< .05) Recurrent TMD (OR =1.11to 1.1B,> .05).
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Table 55. Crude and adjusted OR and 95% CI for the association between TMelated pain without surgeryand
painful comorbidities.

Comorbidity | Category Crude Model 1 Model 2 Model 3
Migraine No 1.0 (Referent)
Yes 3.31(2.00 5.46 | 2.23 (1.30' 3.83) 1.81 (1.4i 3.16) 1.23 (0.70' 2.40)
Neck Pain No 1.0 (Referent)
Yes 11.94 (6.24 7.68 (3.91 6.31 (3.15 12.62) 4.24(2.017 8.92
22.84) 15.06)
Back Pain No 1.0 (Referent)
Yes 8.05 (4.39 14.76) | 5.19 (2.75 9.78) | 4.31 (2.25 8.26) 2.50(1.2471 5.09
Fibromyalgia No 1.0 (Referent)
Yes 10.74 (2.59 5.20 (1.22 4.10 (0.95 17.66) Not included
44.48) 22.18)

Model 1: Adjusted by age and gender
Model 2: Adjusted by aggenderandpsychological comorbidities
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Table 56. Crude and adjusted OR and 95% ClI for the association between TMiDelated pain with surgeryand

painful comorbidities.

Comorbidity | Category Crude Model 1 Model 2 Model 3
Migraine No 1.0 (Referent)
Yes 3.74 (2.21 6.35 | 3.20 (1.81i 5.66) | 2.91 (1.63 5.21) 2.53(1.271 5.09
Neck Pain No 1.0 (Referent)
Yes 17.34 (8.74 10.75 (5.20 10.12 (4.79 21.38) 7.31(3.2071 16.72
34.40) 22.22)
Back Pain No 1.0 (Referent)
Yes 7.57 (3.98 14.39) | 4.82 (2.42 9.59) | 4.28 (2.12 8.67) 1.62(0.701 3.78
Fibromyalgia No 1.0 (Referent)
Yes 12.97 (3.09 6.04 (1.39 5.40 (1.23 23.68) Not included
54.51) 26.29)

Model 1: Adjusted by age and gender

Model 2: Adjusted by aggenderandpsychological 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 evalu#he relationship between TMElated pain
(persistent or recurrent) and painful comorbidities. Subsequently, it was investigated if these
results were affected by patientsd gender,
investigated how much dlfiese painful comorbidities were independensiyagiated with TMB
related painlt wasalso evaluated how much of these results remained among persistent and
recurrent TMDrelated painTo our knowledge, this study is the first to assess the association
between painful comorbid conditions and TM&ated 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, pinful comorbidities were stngly associated with TMBelated pain
Moreover, TMD-related pain was strongly related to a greater number of painful comorbidities in
crude and multivariable models adjusted by age and gend@sgaldological comorbidities.
Furthermorethis study alsambserved that TMBelated 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 modi fied by pati entsao
However, the ssociation did not remain when the analysis was adjusted by a full model

including all comorbiditiegTable5-3).
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Neck pain was also strongly related to TM&ated pain in the univariatend in the
multivariable model adjusted by age and gender and psychological comorkidélde 5-3).
Moreover, participants with TMBelated pain were almost 8 times as likely to have back pain in
comparison to controls in a crude analysis. This associeemained significant when the model
was adjusted by age and gender and psychological comorbitigek and back pain remained
significantly associated with TMielated pain when adjusted by other comorbidifieble 5-

3).

In addition, TMDrelated jin was strongly related to fiboromyalgia in a crude analysis.

However, this relationshipemains significant when adjustdtdly pati ent s6 age,

psychological comorbiditiefrable5-3).

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 TMi2lated pain. However, persistent TMBlated pain cases were
more likely to have a greater number of comorbiditiestthe recurrent cases

Migraine remains associated with persistent and recurrent -tdldded pain in the
multivariable analysis adjusted by age and gender. This result remained significant for persistent
and recurrent TMBrelated pain when we adjustdtetanalysis by age, gender and psychological
comorbidities. However, when the analysis was adjusted by other painful comorbidities the
results remained significant for persistent Tiiated pain, but no significant association was
observed with recurrefiMD-related pain.

In addition, in a multivariable model adjusted by age and gender -fiéMiled pain cases

with persistent and recurrent pain were more likely to have neck pain compared to controls
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(Table5-4). This associatioffior persistent and recurremMD-related pairremained when the
model was adjusted by age, gended psychological comorbiditie$ positive association was
notedfor both (persistent and recurrent TMBlated pain)when the model was adjustéy
other painful comorbidities

Moreover, in an adjusted model by age and gender, back pain remained associated with
persistent and recurrent TMi2lated pain (Tabl&-4). These relations between back pain and
persistent or recurrent TMEelated pain were not modified when the models aisluded age,
gender ad psychological comorbidities.

In an adjusted model by age and gender, fibromyalgia was more strongly associated with
persistent TMDrelated pain than with TMBelated recurrent pain. Fibromyalgia remained
strongly associated witbersistent TMDBrelated pain, while thenagnitude of the effeatashigh
but not significantfor recurrent TMDrelated pain The analyses were adjusted by age, gender

and psychological comorbidities (Taldet).

6.2 Methodological Considerations
Due to the systematic nature of errors in a casesrol study, incurring bias is alwags
possibility, as explained earlieThis section provides idepth discussion of validity of the

results.

6.2.1 Consistency with other studies
Many studies have demoretied the significant overlap between TM&ated pain and
other pain conditions, such as migraine, neck pain, back pain and fiorom{glgsa 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 betweenetkgosure and thdiseas€147). Any study can
be subject tdias due to the selection of participants, measurement of variables, or uncontrolled
confounding factors. Types of biases expected to occur in acoatel study are detailed

below:

6.2.2.1Selection 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 Télated pain cases or
controls are dependent of rifkctors such as comorbid conditions. dantrol for selection bias,
certain measures were considenmedhis 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 popoafrom which the data for the study has been collected
(147). For this reason our controls weael so sel ected from the same
TIRR) as the cases; this can help decrease the chance of selecti@#8iaas controls in our

study may have a similar chance to be exposed to comorbidities as cases.

6.2.2.2Information 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 misclassifio@iign

Certain measures were appliszhtrolinformation bias in our studfth e NI DCR&6s TI1 R

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 aftexgtihesis of
TMD, which is considered a standard approach to reduce informatio(L88s

NI DCRO s TIRR questionnaires wer e di stri bt
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
guestionnaire, 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 analysisodt 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 persisterirdisBd pain in our
study (65%) was moreover found to be higher than reported by Rammgetstad (31%)(13).
Thiscoudbedue to the majority of the participants
TMD-related pain. To account for the latter possibilities, we stratified our analysargery.
However, we did not see any difference in the results, which certainlyotfdr information

bias.

6.2.2.3Bias 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 certaimethods to control for confoundinguch 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 knowleddes leutrent

66



study, ageand 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 confound€i$0). However, we did not use matching in our analysis, as

in our study gender was associated witle 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 wodllike evaluate the association between Tlated painand 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 f
one of the most valid database for TM&ated pain patients. This database has multiple
specialists and professionals who use proper diagnostic criteria on all grggati

Controls were also selected from the same database; they presented with any dental
related condition besides TMi2lated pain. This in turn increases the generalizability of the
representative samplePatients from all over the United States wheks&#eatment for TMP
related pain are recruited at NI DCR6s TIRR,

population within the United States.

6.3.2 Clinical Examination
All participants in this study underwent a clinical examination by a TMD specialisg u

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 (Schiffnreanal), excellent sensitivity and
specificity were observed among painful TM&lated pain subgroups such as myofascial (0.90,

0.99) and arthralgia (0.89, 0.9639).

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 bygeleétim e s & or &énobd
study, comorbid conditions such as migraine could have a possibility of bias, as migraine has
specific characteristics which are different from headaches. Participdmisexperienced
headachesnay have unknowingly responded to naigre. The chance of misclassification
reduces asanditions like fibromyalgia, however, have a definite diagnosis and patients would
be well aware of their conditiof.he chance of misclassification appears to be low bedhase
frequency of painful comoith conditions among TMBelated pain cases [migraine (39%), neck
pain (55%), back pain (46%) and fibromyalgia (15%)] were similar to the frequency estimates
reported in previous studies [migraine {&3%) (5, 96, 136, 137), neck and back pain (48%)
(5, 87, 138) and fibromyalgia (13L8%) (114, 139)]. We also incurrednformation biaswhen
TMD-related pain patients were divided into its subtypes (i.e. persistent and recurreat TMD
related pain) as there is no valid definition for persistent or recurrent-rieldiled pain. There is

a chance of misclassification that needs to be considemd study.
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7. CONCLUSION

The following conclusion can be drawn from the results of our manuscript in the thesis.

1) Participants witmeck and back paiwere more likely to have TMielated painregardless

of TMD characteristics such as recurrent and persistent-féltded pain.

2) The association of migraine, however, appears to be modified by the presence of other

comorbid conditions and type of TMi2lated pain compared to other painful comaities.

3) A significant difference was nonetheless noted on the odds of fibromyalgia between

persistent and recurrent TMi2lated pain

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

conditions and TMErelatedpain (persistent or recurrent) regardless of occurrence of other

painful comorbid conditions.
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National Institute of Dental and Craniofacial Research
TMJ Implant Registry & Repository (NIDCR’s TIRR)

CONSENT TO PARTICIPATE

You are invited to participate in a data and tissue registry and repository related to temporomandibular
joint dysfunction (TMD). You were selected as a possible participant because you 1) have a past or
current history of TMD, 2) have had or will have temporomandibular joint (TMJ) surgery, or 3) have
had or currently have a TMJ implant. We ask that you read this form and ask any questions you may
have before agreeing to be a participant in NIDCR’s TIRR.

This project is being conducted by James R. Fricton, DDS, MS; Sandra L. Myers, DMD; John O. Look,
DDS, MPH, PhD; and Ana Velly DDS, PhD in the Department of Diagnostic & Biological Sciences at
the University of Minnesota School of Dentistry. It is funded by the National Institute of Dental &
Craniofacial Research (NIDCR) at the National Institutes of Health (NITH).

Project Purpose:
Many different treatments have been recommended for people with TMD including medications, splints,

physical therapy, dental treatment and surgery. Implants have sometimes been used to support or replace
the moving parts of the joint. For some people, these implants have caused problems that have
necessitated their removal. The disease process of TMD and causes of failure of TMI implants are not
well understood.

The purpose of NIDCR’s TIRR is to create a national database to centralize medical information,
biological tissues, and retrieved TMJ implants. Information and biological specimens will then be made
available to researchers. Studies using these materials will lead to a better understanding of TMD and
improved treatment outcomes.

Project Procedures:
If you agree to participate in this project, you will be asked to do the following:

1. Complete an initial registration, medical history, and questionnaire. These initial forms
will take approximately 40 — 60 minutes to complete.

2. Allow NIDCR’s TIRR to contact you to complete follow-up questionnaires.

3. Give permission to NIDCR’s TIRR to obtain and transfer information from your health
records and/or data from previous studies.

4. Undergo a clinical examination to evaluate your temporomandibular joint.

Benefits of Participation:
The direct benefit of participation in this project is that you will have access to a private, electronic

record of your TMJ health information.

Additionally, your participation benefits TMJ research because the use of your medical information will
enable researchers to learn more about factors involved in the success of TMJ treatments including
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