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ABSTRACT

THE EFFECTS OF AN EARLY INTERVENTION PROGRAM

ON PHYSICAL SYMPTOMS IN A TMD POPULATION

Kara Lorduy, PhD

The University of Texas at Arlington, 2012

Supervising Professor: Robert J. Gatchel

Aims: 1) Identify comorbid, non-specific symptomsCSS, and TMD specific
symptoms across three groups of Axis | RDC/TMD disos, 2) investigate the
influence of three interventions on TMD specifiadazomorbid symptoms of CSS and
pain and pain-related disability, and 3) examire itifluence of emotional distress on
symptoms, pain, and pain-related disability. MethodParticipants were patients
recruited from dental clinics within a major metotipan area assessed for TMD non-
specific symptoms of CSS using the Symptoms Ch&tc{@tudy 1) and TMD specific
symptoms using the RDC/TMD (Study 2). In Study 2rtgipants at high-risk for
chronicity were randomly assigned to a self-car€C)(Sr biobehavioral (BB)
intervention and evaluated for their responsiveriessediately following treatment

(T2). Results: In Study 1, we found that those vatiiMD Muscle Disorder and those
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with more than one TMD diagnosis had more symptofiS8SS. As predicted in Study
2, symptoms for Axis | Group | Muscle Disorders aAdis | Group Il Bone
Deficiencies and several of the target variablesewithin were significantly reduced
immediately following Treatment. Moreover, emotibndistress accounted for a
substantial amount of the variance for physical gygmms and mediated comorbid
symptoms of CSS. Conclusions: Comorbid symptomsstomngly related to myofacial
TMD. Axis | Group | and Group Il disorders are raoresponsive to the effects of
intervention immediately following treatment comgarto Axis | Group Il Disc
Displacements.

Key words: temporomandibular disorder (TMD), myadd MD, central sensitization

syndrome (CSS), biobehavioral, emotional distress
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CHAPTER 1
OVERVIEW
Recently, the National Institute of Health (NIH)agted the Orofacial Pain: Prospective

Risk-Assessment Intervention (OPPERA) program $1fnillion dollars to investigate
demographic, genetic, autonomic, and psychosoci@k-factors associated with
temporomandibular disorder (TMD) (Dworkin, 2011hefe was a general expectation among
the collaborators that the findings would revealpamant mechanisms involved in the
phenomenology of TMD that could potentially inforpain investigators about other
musculoskeletal disorders (Dworkin, 2011). Indebére has been a growing awareness of the
strong degree of overlap TMD shares with centraisgiwity syndromes (CSS) including
fiboromyalgia (FM), chronic fatigue syndrome (CF&jd irritable bowel syndrome (IBS), which
involve symptoms, such as muscle and joint achredlgms with sleep, feeling tired or unrested
after sleep, cognitive problems, and gastrointattiisturbances (Aaron, Burke, & Butchwald,
2000). In fact, 75% of those with FM meet the stadd for TMD using the Research Diagnostic
Criteria (RDC/TMD) (Plesh, Wolfe, & Lane, 1996). kbmver, it has been suggested that these
disorders are a product of central sensitizatid®) ((Funus, 2007). Many refer to CS as a disease
state constituted by a whole-organism stress respavhereby dysregulation among many

interdependent neuroendocrine and neurotransrsitséems promotes either the



maintenance or induction of chronic pain througgraentation of neural structures in the pain
pathway (Chapman, Tuckett, & Song, 2008; Lyon, @oeQuinter, 2011).

Alongside the amounting research informing theowssimechanisms involved in CS and
with the recognition that it dispels overly simfgiisdualistic models that reduce pain to a series
of stimulus-response processes (Greene, 2009) riamicstrides have been made in identifying
biopsychosocial factors of TMD (Dougall et al., 2D1As a result, many have conceptualized
pain as a homeostatic emotion that is influencedmuptiple bodily systems responsive to
internal and external events (Craig, 2003). Morsp@hensive and realistic views of pain are
invaluable to the health care community, which éadily adapting to a multidisciplinary
approach through incorporation of systematic methedch as computer-based-assessments and
systems-based-tracking of patient reported outco(®egnholm, Lorduy, Noe, & Gatchel,
2012). Such patient-centered approaches are gbnerafferred by patients who experience
greater treatment responsiveness and improvedhhstltus as a result (Swanholm, Noe, &
Gatchel, 2012).

Likewise, the developing knowledge regarding theoimement of CS in the context of
TMD, FM, CFS, and IBS has important implications foow these disorders are perceived
within the field and in applied treatment settirffysinus, 2008). There has been an indisputable
agreement that these disorders are part of a lagy@muum embodying amplified sensory and
affective-motivational components of pain (ClauwQ02). Yunus (2011) discusses the

significance of introducing the term CSS for suctodders in place of terms like “somatoform

disorders,” “medically unexplained symptoms,” “ftienal somatic syndrome,” and “chronic
multisymptom illnesses,” which present certain amations that needlessly imply that the pain
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and comorbid symptoms experienced in these cagepuaely psychological, and somehow,
“not real.” CSS conveys certain validity to thegimi of these disorders in the wake of extensive
research elucidating the physiological underpinsiragsociated with central sensitization
(Yunus, 2012). Recent studies demonstrating therlagyeamong these disorders and the
pathophysiology therewithin are also useful inigyarg the role of CS as a common etiological
factor (Aaron, Burke, & Butchwald, 2000; Smart kbt 2012).

In contrast to the term TMJ, TMD is the preferred anore inclusive term for pain or
impairment in the orofacial region, which is a diasgtic criterion that distinguishes it from other
CSS (Aaron, Burke, & Butchwald, 2000). As suchisiah heterogeneous group of disorders that
can be systematically classified using the RDC/TMDdiagnose Axis I: Group | Muscle
Disorders, Group Il Disc Displacements, Group llbn® Deficiencies, as well as, Axis Il
psychosocial disorders, such as depression andtizatian (LeResche et al., 1992; Truelove et
al., 2010). Preliminary data suggests that Grolpuscle Disorders, or myofacial TMD (m-
TMD), have a more pronounced relationship with stonms of CSS compared to the two other
groups of Axis | disorders (Lorduy, Dougall, Hagdia& Gatchel, 2012). Where the prevalence
of comorbidities within the TMD population is vastbecoming established (Cowley et al.,
2011), less progress has been made in defining ab@unts for this relationship (Aaron,
Burke, & Butchwald, 2000). Therefore, pain inveatms are intent on identifying important
commonalities, which could potentially improve #féicacy of pain treatment.

Most health care professionals agree that earlgriention is key for successful
treatment (Gatchel, Polatin, & Mayer, 1995). Theeainof pain can spur latent characteristics
that interact progressively within a downward spivdahout timely intervention (Gatchel, 2004).
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Treatment success is also reliant on being abiéaatify those that are at risk for progressing
through the pain stages in the transition from @dot chronic pain (Epker, Gatchel, & Ellis,
1999). Furthermore, it is important to identify istant barriers to treatment so that they can be
addressed. The biopsychosocial model of pain mamege and rehabilitation involves a
systematic evaluation of overall symptomatologyluding pain, impairment, and disability, as
well as, psychosocial concerns, such as emotioiséileds, in order to be aware of the full
magnitude and breadth of the patient’s status rgertew see Gatchel, Howard, & Haggard,
2010). This evaluation also allows for a risk assent to be made and accurate classification of
those at low-risk or high-risk for developing chioty (Epker, Gatchel, & Ellis, 1999). A
plethora of evidence suggests the collective benefi biobehavioral and cognitive- behavioral
skills training (CBST) are comparatively more caaffective and efficacious at post- treatment
and at the long- term follow- up within an acute DNdopulation (Bernstein & Gatchel, 2000;
Gardea, 1998; Gardea, Gatchel, & Mirsha, 2001 ]iphiét al., 2001).

The present research investigates the effects adaaly intervention program on the
prevalence of symptoms of TMD and symptoms of CA&ditionally, we investigated the
relationship between the prevalence of symptomseandtional distress with respect to three
different groups of Axis | (RDC/TMD) disorders, idiexamining the influence of emotional
distress. This paper surveys many of the importapics regarding the dynamic interactions
between pain-relevant biopsychosocial sequelaeudindhe current review is not exhaustive,
research demonstrating pain to be a complex medtiéal phenomenon that can manifest through
a wide array of possible pathways is discusseds phaper emphasizes the powerful effects of
psychosocial factors on the influence of centrall greripheral processes involved in pain
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processing. The appropriateness of this emphasiifold. First, compared to the long-strides
that have to be made before discovery of a “cyrsythosocial variables are good candidates for
targeting in treatment as research has revealedrvalelated means of identifying and
modifying them. This not to say, that the biopsystmal approach does not consider the
physiological aspects involved in pain conditionsvathin the scope of treatment. Second,
psychosocial variables account for a proportioyal@iger amount of the variance for patient

responsiveness (Gatchel & Turk, 2008).



CHAPTER 2
THE EFFECTS OF AN EARLY INTERVENTION PROGRAM
ON PHYSICAL SYMPTOMS IN A TMD POPULATION

Although 2.7% of the population meet the critera fTMD as indicated by the
RDC/TMD, roughly half of the population are estiedto have subclinical symptoms (Gersh et
al., 2004). Among those with TMD, approximately 708e women of reproductive age
(Carlsson & LeResche, 1995). Musculoskeletal p&@orders pose a serious challenge to health
care professionals and incremental economic burddnch equates to nearly $100 billion
dollars each year in the United States alone (NI8B8). As pain is increasingly becoming
conceptualized as a multi-dimensional phenomenbe, study of pain now spans many
disciplines. Pain is agreed by most to be, “an emgdnt sensory and emotional experience
associated with actual or potential tissue dama@#érskey & Bogduk, 1994; pp. 210).
However, within the context of treatment, pain caore appropriately be viewed as, “whatever
the experiencing person says it is, existing whendkie experiencing person says it does”
(Pasero & McCaffery, 1999). Self-reports of paimggest there is a high degree of variability
experienced by individuals within the pain popuat{Edwards & Fillingim, 2006). Where jaw
pain is perhaps the most recognized symptom of Tk&on, Burke, & Butchwald, 2000), it is
commonly the case that those with this disorderhggersensitive in areas remote from the

orofacial region. Greenspan and colleagues (20&honstrated that those with TMD were



sensitive to different types of experimental pagydnd the orofacial region, suggesting the
possibility of abnormal central processing of pain.

The dynamic interplay between pain and stress Bar buggested as both an etiological
consideration and exacerbating factor of pain domts (Bennaroch, 2006). For instance, those
with TMD were comparatively more sensitive to electitaneous stimulation and isometric
contraction, which corresponded with mean artepi@ssure (Mohn, Vassend, & Knardahl,
2008). Maxiner and colleagues (2011) observed tinaeTMD had altered autonomic function
at rest and in response to physical and psychdsetiessors among indices of HPA axis
function including heart rate, heart rate varidpilblood pressure and baroflex sensitivity. This
falls in line with an amounting body of researchmd@astrating dysregulation of autonomic
function within this population (Robinson, Garofaé Gatchel, 2006). In extension, prolonged
physical or psychological stress has demonstrated ability to increase important pro-
inflammatory cytokines, which contribute to the nentivity between peripheral and central
processing of pain (Chapman, Tuckett, & Song, 200®ta analyses suggest that relaxation,
biobehavioral, and cognitive-behavioral skills miag (CBST), are effective methods of
reducing self-reports of pain and range of oralnopg as well as, reducing the prevalence of
TM symptoms (McNeely, Armijo, & Magee, 2006). Psgaeuroimmunological studies have
contributed to our knowledge that these methodsabeeby reducing stress responding and
restoring balance among neuroendocrine and neuroimarsystems (Antoni, 2003).

Understanding the pain-autonomic relationship amdale in TMD and the psychosocial
(e.g., emotional distress, depression, anxiety)mysical comorbidities that are often associated
with it is essential in structuring more effectigain rehabilitation and management programs
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that help to circumvent the transition of acutehoonic pain and possibly the development of

chronic widespread pain (Lyon, Cohen, & Quinterl PO First, stress is an inevitable part of the
adaptive pain response (Craig, 2003). Second, $@we suggested it plays a direct role in TMD
pathogenesis (Ohrbach & McCall, 1996). Third, ayd a key role in regulating and modulating
pain processing through neurochemical mechanisssyell as, through cognitive-affective

appraisals that shape the subjective experiendbelmemainder of the paper, we will elaborate
on each of these points (Edwards, Campbell, Jam&ddiech, 2009; Westman et al., 2011).

2.1 The Adaptive Pain Response

Pain is often considered with respect to its agaptalue (Craig, 2003). In response to a
noxious stimulus, acute pain motivates an individaavaluate the affected area, seek treatment
if necessary, and limit activity in order to allder healing (Bolles & Franslow, 1980; Wall,
1979;). The sympathetic nervous system (SNS) isrirated along the spinothalamic pathway
and plays an integral role in processing pain aldymg somatosensory information (Craig,
2003; Donello et al., 2011). Thus, the activatibthe autonomic nervous system is an inevitable
conseqguence of nociception, or the neurochemidaditgcamong nociceptors (i.e., C-fiberspA
fibers, and large-area touch fibers) in responssutistantive mechanical, thermal, or chemical
stimulation in the periphery (Julius & Basbaum, 200and is constituted by the release of
catecholamines, norepinephrine (NE) and epinepl{hefrom the adrenal medulla, which lead
to the characteristic features of “fight-or-flighfCannon, 1914). Upon noxious stimulation,
nociceptors release substance P (SP), a promirembpeptide that acts in the transmission of

nociceptive activity. However, NE also initiatesthelease of SP (Lyon, Cohen, & Quinter,



2011). Both stress and nociception contribute forafound and subsequent release of pro-
inflammatory cytokines upon activation (Lyon, Coh&Quinter, 2011).

Where the SNS provides a more immediate responseyyipothalamic pituitary adrenal
(HPA) axis serves as an additional “back-up” to bostatic challenge (Selye, 1964). Both
physical and psychological events can elicit thiease of corticotrophin-releasing hormone
(CRH) from the paraventricular nucleus (PVN) in tingothalamus leading to a subsequent
release of adrenocorticotropin hormone (ACTH), wharts on the adrenal cortex to release
glucocorticoids in CNS and cortisol in the periphefhe HPA axis is a crucial intermediary
involved in the regulation of the neuroendocrineumimmune, and neurotransmitter systems
(Blackburn-Munro & Blackburn-Munro, 2001). It is sal important in down-regulating
inflammation (Ordway, Klimek, & Mann, 2010) and muates glutamate NMDA-stimulated
activity from the hippocampus. The HPA axis alsarsB a reciprocal influence on 5-HT and NE
(Blackburn-Munro & Blackburn-Munro, 2001), and igigated by cytokines, such as I13;1L-

6, TNF-a, and IL-1 (Hestad, Aukrust, Tonseth, & Reitmam)20

Generally, the effects of both acute and chroniesst apart from traumatic contexts, are
pain-facilitating via modulation of the descendipathway, which will be elaborated on later in
the paper. Blackburn-Munro and Blackburn-Munro (PO0lustrate the dynamic interactions
among neural structures and neurotransmitterswedoin pain-autonomic processing, which are
often altered as a result of prolonged pain or migretress exposure. Others have referred to this
neural circuitry as the neuromatrix (Melzack, 200This conceptualization of pain is the
culmination of many theories which have sought efiné the physiological basis for pain that
emerges irrespective of an instantiating stimubugh as chronic pain that “persists beyond the
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normal time of healing” (Mersky & Bogduk, 1994, ppl10), and phantom pain, or the
sensations experienced by amputees from their mgigisnb (Vase et al., 2011). Thus, the notion
that the conscious perception of pain corresponidedollaborative activity among brain
substrates that could be evoked with or withouta&pinput continues to receive growing support
(Melzack, 2001; Becker & Schweinhardt, 2011). Meeo augmented pain-autonomic function
as a result of changes to features in the CNSoiggiit to be a common etiological factor among
CSS (Yunus, 2007; Yunus, 2012).

2.2 Etiological Considerations of TMD

In the absence of nerve injury and with proper og@nd pain management, acute TMD
should dissipate over time. However, pain expostae exploit genetic predispositions for
developing psychosocial comorbidities (Bruns & Do, 2005; Caspi et al., 2003). In other
cases, premorbid psychosocial issues are regasdetiodogic (De Leeuw et al., 1994; Ohrbach
& McCall, 1996). While many have attempted the t#ein-or-egg” debate (Fishbain, Cutler,
Rosomoff, & Rosomoff, 1997) the existence of conmbrpsychosocial features, including
psychiatric and personality disorders, are a vesstain risk factor for the development of
chronic TMD (Gatchel, 2004). Among those with a ouleskeletal disorder, psychosocial
comorbidities have been estimated at 64.1%, wholaarbid pain conditions are estimated at
roughly 68.8% (Dersh et al., 2006; Dersh, GatdRelatin, & Mayer, 2002). The OPPERA study
identified genetic risk factors suggesting thatsthowith TMD have a predisposition for
maladaptive processing of DA, 5-HT, opioid, andlgtergic neurotransmitter systems (Smith et
al., 2011). These systems are important in pairsiréssion, but are also implicated in HPA axis
regulation (Blackburn-Munro & Blackburn-Munro, 2001 Moreover, catecholaminergic
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function is important in depression and anxiety,iolvhare the two primary psychosocial
concerns implicated in TMD (Dersh et al., 2004; $berGatchel, Polatin, & Mayer, 2002).
Additionally, dysregulation of the immune systens ladso determined to have a genetic basis in
this population (Smith et al., 2011).

Elevations in inflammatory cytokines have beenatdly observed within the TMD
population (Campos, Campos, & Line, 2006). In resgoto acute, or time-limited stressors
(physical or psychological), immune factors areiseibuted into the periphery (Dougall &
Baum, 2001). Once activated, systemic increasgsdimflammatory cytokines, such as tumor-
necrosis factor alpha (TN&) and interleukin- 6 (IL-6) among others, are oledr Chronic
stress is defined as an excess in number of negatrents within a six month time period
(Dougall & Baum, 2001), and has been associated avitincrease in IL-6 (Kiecolt-Glaser et al.,
2003). Brief or mild episodes of depression areotksh by similar changes in immunological
function (Hestad, Aukrust, Tonseth, & Reitan, 200@preover, repeated social defeat induced
hyperalgesia via neuroinflammation, which was regdr through administration of a
cholecystokinin (CCK) antagonist directly into ttestro ventromedial medulla (RVM) (Rivat et
al., 2010). The RVM is an important brain subst@amprised of “on cells” and “off cells” that
are sensitive to neuropeptides and neurotransmiitteluding endogenous and pharmacological
opioids (Bannister, Lee, & Dickenson, 2009). Moregvin response to chronic stress CCK
appears to be inversely related to the productionearopeptide Y from the hypothalamus in
response to mild chronic stress and induces deapeeasd anxiety-related behaviors (Kim et al.,
2003). Additionally, sustained levels of cytokinemmely those that are commonly elevated
among those with TMD and among chronically stressdividuals (IL-6, IL-1, TNFe), can act

11



on the hypothalamus and augment CRF inducing HP& dysregulation to bring about
consequent dysregulation among neuroendocrineptransmitter, and neuroimmune systems
involved in pain regulation and depressive symptology (Anisman, 2008; Black, 1994;
Campos, Campos, & Line, 2006). HPA axis hyperdstikias been implicated in certain types of
depression, panic disorder, obsessive-compulsigerdier, and alcoholism, where HPA axis
hypoactivity has been implicated in other typesigpression, FM, and CFS (Gameiro, Andrade,
Nouer, & Veiga, 2006). HPA axis dysfunction is agated with hypersensitivity (Lariviere &
Melzack, 2000). Moreover, others have found coktisde protective during experimental pain
(Michaux, Magerl, Anton, & Treede, 2012).

Euteneuer and colleagues (2010) demonstrated traation between emotional distress
and immunological factors that bring on hyperseévigitto pain. Specifically, they found that
depressed individuals had higher levels of TdN&Ad this demonstrated a robust correlation with
pressure pain thresholds suggesting that one ofdlys in which depression contributes to pain
pathology is through dysregulation of the autonoamd immunological systems. Furthermore,
longitudinal studies have demonstrated inflammatytpkines are associated with a number of
maladaptive cognitive-behavioral adjustments amrddheffects have been validated with animal
models (Dantzer et al., 2008). Such behaviors lghnaith symptoms of depression including
changes in food and water intake, social withdravealuced pleasure in sexual activity, fatigue,
and cognitive disturbances (Dantzer et al., 2008)ministration of TNFe induced
hypersensitivity (Sorkin & Doom, 2000), while adnsination of an antagonist for TNd-has
demonstrated to ameliorate depressive symptom#n@ gt al., 2006; as seen in Euteneuer et al.,
2010). Again, these studies suggest inflammatotgkiyes may explain the connectivity among
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peripheral and central features involved in hypesgity and hyperreactivity (Chapman,

Tuckett, & Song, 2008; Lyon, Cohen, & Quinter, 2p11

Beyond disturbances in the regulation of neuroendec neurotransmitter, and
neuroimmune systems, there are other periphertdriathat contribute to the hypersensitivity
and the development of orofacial pain (Chapman,kétic & Song, 2008; Lyon, Cohen, &
Quinter, 2011). Celik and Mutlu (2011) identifiegasitive relationship between the prevalence
of latent trigger points and symptoms on the Beeki@ssion Inventory (BDI). Prior to the onset
of pain, latent trigger points (LTrPs) cause abradrmuscle contraction, poor coordination, and
total balance (Simons, Travel, & Simons, 1999; $im&004). Moreover, it may contribute to
the high prevalence of subclinical signs and symgtobserved in the general population (Gersh
et al., 2008). Shah and Gilliams (2008) determitied biochemical milieu of activated trigger
points, or myofacial trigger points (MTrPs), whieioke pain and are associated with joint and
disk abnormalities, tension-headaches, migraines\ptex regional syndrome, and spinal and
pelvic pain, etc. (Borg-Stein & Simmons, 2002). Speally, they found elevations in SP,
calcitonin gene reactive protein (CGRP), bradykifBK), 5-HT, NE, TNFe, II-8, IL-6, and IL$
(Shah & Gilliams, 2008). MTrPs cause constant ditmn of nociceptors, perhaps mimicking
what many laboratory studies have demonstratedjwsinous methods of repetitive stimulation
of afferent nerve fibers reliably evoking peripHeaad central sensitization (Fuchs & Peng,
2003; Woolf, 2011). The biochemical propertiested MTrPs suggest that TMD represents the
convening influence of multiple bodily systems thead to changes in motor and sensory

neurons that lead to the development of CS (Sh&illkams, 2008).
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More central to the notion that CS should be carsid as an etiological factor, studies
have demonstrated the role of inflammatory facteush as CGRP, are important in a number of
events that lead to CS through increased membracitgalely, long-term-potentiation (LTP),
morphological changes involved in the synapseseofans, and disinhibition of neurons in the
dorsal horn of the spine (Buldyrev et al., 2006{ré&mnoliere & Woolf, 2009; Woolf, 2011).
CGRP regulates brain derived neurotropic growthofa€BDNF), an important neurotrophin
involved in trigeminal neuroplasticity (Buldyrev el., 2006). All of the afferents in
craniomandibular region innervate the trigeminaigjen in lamina | of the dorsal horn (Craig,
2004). It has also been found that CGRP is releised trigeminal nerves, where it stimulates
mitogen activated protein kinases (MAPK), as wsll glial and astrocytes that activate sensory
nerves and promote cellular changes that compr&€Cady, Glenn, Smith, & Purham, 2011).
IL-1 has also demonstrated the ability to induce pga modulation of NMDA activity in the
trigeminal nucleus specifically involved in the pessing of deep orofacial input (Guo, Wang,
Watanabe, & Shimizu, 2007). Other studies have estgd that changes in cellular activity in
the spine leads to subsequent changes among sebsitates in the brain (Craggs et al., 2012).
For instance, Younger, Shen, Goddard, & Mackey @Q2@dentified altered gray matter volume
(GMV) in several brain regions that overlap witlogke observed in other pain populations, such
as the anterior cingulate cortex (ACC), thalamospaosensory (SM), putamen, hippocampus,
midbrain, cerebellum, and limbic system. Howevie, finding that those with m-TMD had less
GMV in the trigeminal sensory pathway most likelgtohguishes this population from others

and underpins the specificity, or diagnostic ciitey of TMD.
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2.3 Biopsychosocial Modulatory Mechanisms

The difference between adaptive and maladaptive pesponding is thought to be a
function of key biopsychosocial factors (Gatchdélp2). Where the previous section discusses
psychosocial comorbidities and genetic predispmsitias etiological considerations through
their influence on the regulation of multiple badisystems and role in amplified pain
processing, this section discusses the indireletente on the processing of pain through altering
brain activity and modulation of the descendinghpaty (Becker & Schweinhardt, 2012). As
such, these factors can also be regarded forithpwrtance in the maintenance of pain and risk
for chronicity. In line with this notion, the OPPBERstudy identified four primary constructs
among 21 various psychosocial factors that predicteonic TMD. These constructs include
overall psychological function, affective distretstss, passive coping, and active coping
(Fillingim et al., 2011).

In line with the widely accepted notion that emnotib distress occurs when
environmental pressure exceeds one’s ability toecyazarus, 1974), the West Haven-Yale
Multidimensional Pain Inventory (MPI) is commonlgad in order to assess an individual's
level functioning in social, occupational, and phgsdomains (Etscheidt & Steiger, 1995). Pain
investigators have used the MPI to categorize tgreaps of copers including, adaptive copers,
dysfunctional copers, and interpersonally distréssapers, each of which have demonstrated
varying levels of treatment responsiveness (KegnRudy, & Turk, 1985). Moreover, Gardea
(1998) found elevations on the Minnesota Multipiad3ersonality (MMPI) scale 2 to be
predictive of treatment outcomes, which was furthgsported by Bernstein and Gatchel (2000).
The MMPI-2 is a well-validated measure for assepdi@ different subscales that characterize
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different dimensions of mental health and psychogagy including hypochondriasis,
depression, hysteria, psychopathic deviate, mastufemininity, paranoia, psychoasthenia,
schizophrenia, hypomania, and social introversiBuat¢her, Dahlstrom, Graham, Tellegen, &
Kaemer, 1989). Additionally, a particular pattefreevation on certain scales within the MMPI-
2 referred to as the “disability profile” has besttongly related to poor health outcomes
(Haggard, Stowell, Bernstein, & Gatchel, 2008)s Itommon for this subgroup of individuals to
be particularly resistant to medical explanation a@assurance (Bernstein & Gatchel, 2000).
These qualities create a number of complexitiest thi@e better addressed within the
biopsychosocial context. Such research arguesh&neéed for comprehensive treatment of pain
conditions.

As pain illness is increasingly becoming understasda confluence of internal and
external influences that affect neuroendocrine,roieunune, and cognitive-affective systems
(Chapman, Tuckett, & Song, 2008; Lyon Cohen, & @iin2011), evidence validating the
biopsychosocial perspective compels a compatibdesgstematic approach to pain management
and rehabilitation (Gatchel, Howard, & Haggard, @01Such an approach targets maladaptive
pain cognitions and behaviors with the knowledgs these factors modulate important pain-
autonomic interactions involved in pain process{PgCharmes et al., 2005; Gatchel et al.,
2007; Robinson, Garofalo, & Gatchel, 2006). For repke, catastrophizing is an overly
pessimistic appraisal that is highly associatedhwiepression and poorer physical health
(Sullivan & Neish, 1998). In fact, catastrophizib§ weeks prior to surgery was predictive of
post-operative self-reports of pain and pain-relatisability (Sullivan, 2001). Catastrophizing is
considered a negative orientation or mind- setithaharacterized by an amplified perception of
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pain (Westman et al., 2011). For example, it actotor approximately 31% of the variance
for pain ratings (Sullivan & D’ Eon, 1990). The ma¢ige expectations that catastrophizers hold
can be observed in statements that overestimagafoatthreat in relatively benign settings (e.g.,
dental clinics), such as “I wonder if somethingi®es may happen” (Chaves & Brown, 1987).
Moreover, it has been demonstrated in functionajjmetic resonance imaging (fMRI) studies
that this cognitive appraisal enhances pain peimephuch like anticipation or nocebo effects
have been suggested to enhance pain perceptionglar2004). Specifically, they found that
apart from depression, catastrophizing augments pireeption of pain through altering
activation of regions in the brain responsible &mticipation to pain (medial frontal cortex,
cerebellum), attention to pain (dorsal ACC, dorsak PFC), as well as, in the emotional
aspects of pain through activation of the claustruvhich is interacts with the amygdale
(Gracely, 2004). Additionally, the level of catagihizing corresponded to pain-relevant brain
activity (amygdale, ACC) to electrical shock (Seawiicz & Davis, 2006). Moreover, it appears
that polymorphisms on the COMT gene, a gene inwblvedopamine processing, are highly
related to catastrophizing and degree of pain ggu&eorge et al., 2008), as are high levels of
stress and inflammation (Hestad et al., 2009).

Many pain enhancing cognitions and behaviors dodirectly influence spinal reflexes
(France 2002; as seen in Edwards et al., 2009)instead, influence pain perception through
modulation of supraspinal input via the descendgiatpway in what is referred to as “top-down”
modulation of pain (Tracey, 2012). Top-down modolatis achieved by the activity of higher
cortical brain areas, such as the PFC and OFQwerlorder brain substrates, such as the ACC,
which is involved in pain processing and pain matlah, thalamus, amygdale, and midbrain
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regions. The periageductal gray (PAG) and RVM haeen strongly implicated in pain-
inhibitory and pain- facilitory pain processing\deg as an interface between ascending spinal
impulses and descending supraspinal mediators €yr&2012). The interactions among these
brain regions explain the pain enhancing effectscatiastrophizing, as well as, how prior
experiences, mood and emotional states, as wednagronmental cues influence the perception
of pain (Bingel & Tracey, 2008). Atlas, Bolger, diquist, and Wager, (2010) investigated the
mediating effects of cues on self-reports of paid drain activity. They found that cues
mediated pathways involved in pain sensation @tpathway) and the affective-motivational
aspects of pain (medial pain pathway). Specifi¢callyes influenced the perception of pain by
modulating the ACC, insula, and thalamus. The cuese suggested to influence pain
perceptions through evoking anticipatory activitythe OFC and striatum (Atlas et al., 2010).
The Gray-McNaughton (2000) theory of anxiety suppdhe notion that emotionally
salient cues are processed in such a way so agitibate learning, or the pairing of those cues
with consequential events. Moreover, CCK is elevalaring stress and is thought to aid in
memory consolidation (Gulpinar & Yegen, 2004). Exanarily, this is thought to be
advantageous (Gray-McNaughton, 2000). Also, whetety provoking cues are available, pain
processing from the hippocampus becomes ampliftedg@do & Jaffe, 2011). In line with this
theory and supporting research, one study investigaodulation of self-reports of pain through
inducing mood states prior to pain exposure (Royalet 2009). Displays of pleasant and
unpleasant pictures modulated pain perception firalifferential levels of brain activity in the
insula, paracentral lobule, parahippocampus, thaéamand amygdale. Moreover, they
demonstrated that the perception of pain was alfeenced by modulation of the connectivity
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of frontal and subcortical structures. Specificallynteractions between the PFC,
parahippocampus, and brainstem played a largegbahe modulation of pain perception by
mood states (Roy et al., 2009). Moreover, mood affettive states can influence monoamine
function to influence neurotransmission along tlenppathway (Ziegler & Herman, 2002;
Becker & Schweinhardt, 2012). Suzuki and colleag(2802) demonstrated that 5-HT
supraspinal input from the descending pathway ipontant in determining membrane
excitability in the dorsal horn of the spine. Ddoehnd colleagues (2011) demonstrated the
importance of NE in descending inhibition of paBlackburn-Munro and Blackburn-Munro
(2001) present a model demonstrating the intepdf@ss among neuroendocrine,
neurotransmitter, and neuroimmune systems in tbeegsing of pain and the deleterious effects
of chronic stress and allostatic load on key inetraries, such as the HPA axis.

2.4 Pain stages: The transition from acute to dhnoain

The above outlined biopsychosocial risk factorsluerice the likelihood that an
individual will either follow along an adaptive pateading to recovery, or a maladaptive path
leading to chronicity. The latter has been preskmea model by Gatchel (2004). As described,
it is common for individuals to have mild levelsfefir and state anxiety, which is distinct from
trait anxiety in pathological conditions, at stabaipon pain onset. Emotional regulation and
behavior modification through provision of an edimaal framework, CBST, and biobehavioral
modalities are effective in promoting recoverydideessed early (Epker, Gatchel, & Ellis, 1999).
However, without conscientious efforts to incorgerappropriate coping and pain management
strategies with symptom onset, pain can persist tdwe course of several months leading to
stage 2 (Gatchel, 2004). Among the myriad of psgobml issues at this stage, learned
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helplessness, depression, and anxiety are particudancerning with depression being the

most prevalent psychiatric disorder among pain faafmns (Dersh et al., 2006). After several
months of increased or sustained pain and stregsomding, the pain condition becomes
progressively debilitating, and resources for cgpare depleted leading to further dysregulation
among multiple bodily systems and changes in cefagedures in the CNS that characterize CS
(Shah & Gilliams, 2008). At stage 3, the patientdmees chronic and adopts a “sick role,”
wherein problematic pain behaviors are incidentaynforced through secondary gain of
compensation and excuse from roles and respomigbilirom those in the experiencing
individual's social network (Gatchel, 2004).

2.5 Biopsychosocial Approach to Pain Management

Over the past couple of decades, there has beeowvang trend for patients to seek
additional treatment outside of the medical settiNgCarberg & Passik, 2005). Despite its
growing popularity, pain patients are reluctantdisclose utilization of alternative services to
physicians. Twenty-eight percent of patients ingidausing additional, alternative treatment,
although only 63% reported not informing their fnhiealth practitioner (McCarberg & Passik,
2005). Ethical concerns regarding the efficacy afi-traditional treatments are another point of
contention within the health community. Issues iability are a consideration by physicians,
although, if the patient is receiving additionatecavithout the physician’s awareness or without
their referral, this concern is relatively minimglrt of the dislike for non-traditional approaches
by physicians has to do with the fact that suchr@gghes are assumed to operate without an
awareness of the specific mechanisms involved ieamng its non-specific effects (McCarberg
& Passik, 2005). For instance, biobehavioral, nagdih, massage, among others, are observed
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to have stress-reducing effects (McCarberg & PasXiK5). The effects of stress reduction
reverberate with respect to patient reporting ofmgiyms, mood, frequency of illness,
immunological function, and self- reports of pamdgpain-related interference (McCarberg &
Passik, 2005). All of these are sufficient and ahteristic indicators of treatment response and
success.

In response to the need for more effective paiattnents for musculoskeletal disorders,
such as temporomandibular disorder (TMD), there hasn a growing appreciation for
Interdisciplinary Pain Rehabilitation Programs (FR that incorporate the biopsychosocial
model (BPS) (Turk, Loeser, & Monarch, 2002). TheSBkodel addresses the dynamic
interactions between physical factors (e.g., pan)l psychosocial factors (e.g., emotional
distress) (for review see Gatchel, Howard, & Hadga010). Despite the mounting evidence to
support its efficacy, there remains some reluctam¢ke assimilation of IPRPs since 1979 when
the World Health Organization (WHO) reported on lingtations of the traditional, biomedical
approach to treatment of pain illness saying, “Ieical model provides an efficient approach
to disorders that can be prevented or cured- thmamof iliness is relieved secondarily as the
underlying condition is brought under control- (biitis incomplete because it stops short of the
consequences of disease” (Broose, 2004 pp. 1).sthisment highlights the inherent disregard
for the distinction between disease and illnesthen medical field. Where some do not agree
with making such distinctions (Yunus, 2008), whiiis patient-centered approaches have
demonstrated important advantages for disordersh ss TMD (Bernstein & Gatchel, 2000;

Gatchel et al., 2007).
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The innocuous assumption of the biomedical moddhas pain stems from a curable
impetus (Brose, 2004). When patients become ikbxgrerience pain, they will commonly seek
treatment assuming their healthcare provider cesi the problem (Barsky & Klerman, 1983).
Though the goals and assumptions of the healthgrangder and the treatment expectations of
the patient are not always at the level of awargné®ey can complicate the dynamics in the
patient-healthcare provider relationship and paddgtperpetuate feelings of hopelessness in the
patient as their condition shows intermittent pateof remission and recurrence (Crombez,
Eccleston, Baeyens, & Eeleu, 1998). This is becensgy pain conditions like TMD and FM do
not have known causes or cures. The BPS approaplaitoand disability operates with the
realization of this fact, while recognizing the @nt function of effective treatment is to serve as
a means to facilitate rehabilitation and pain managnt (Gatchel, 2004; Gatchel et al., 2007). It
is for this reason among others that the BPS petispehas been perhaps the most efficacious
perspective and approach to treating pain illn€sgdhel & Okifuji, 2006).

One of the advantages of the BPS approach isttpabvides an educational framework
that helps the patient understand their conditiomd @ahe scope of their treatment more
realistically (Gatchel, 2004; Gatchel et al., 200/Qr example, the BPS model explains how the
dynamics of “real” physiological factors includimgcreased stress hormones and inflammation
interact with cognitive-affective distortions (e.gcatastrophizing) and maladaptive pain
behaviors (e.g., fear-avoidance and withdrawalf) phemote and exacerbate their pain condition
(Edwards, Campbell, Jamison, & Weich, 2009; Westetaal., 2011). The BPS model is useful
in validating the impact the condition has on neawery aspect of the patient’s life (Gatchel,
2004; Swanholm, Lorduy, Noe, & Gatchel, 2012). ¢ same time, the patient is informed on
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healthy coping mechanisms and other stress managéeobniques, made more aware of their
endorsement of maladaptive pain cognitions and \bei® and encouraged to be more
proactive. As a result, IPRPs extinguish the falgpe for an elusive cure and restore a sense of
personal control and utility in the patient (Gat¢loward, & Haggard, 2010).

Moreover, the BPS perspective considers the higlvgbence of comorbid physical
symptoms and psychosocial comorbidities among thoséhe non-cancer, pain population
(Dersh et al.,, 2006; Dersh, Gatchel, Polatin, & Brfay2002;). It has been helpful in
understanding how emotional distress acts a priff@tpr is crucial in the pathogenesis of TMD
(Meeus & Nijs, 2007). Additionally, there is a bd#ia of research regarding the pathways
through which pre-existing psychosocial features icgrease emotional distress and exacerbate
pain pathology (Becker & Schweinhardt, 2011). Fatance, the serial-stress system-based view
suggests that chronic stress causes neuroendo@me subsequent neurotransmitter
dysregualtion prior to the onset of pain, wherdmsderial-transmitter- based view suggests that
neurotransmitter dysregulation precedes pain asgtineuroendocrine dysregulation. However,
disturbances among features of the pain-autononyistesis could potentially occur
simultaneously leading to multiple systems dysrafh as suggested in the parallel view
(Lyon, Cohen, & Quinter, 2008; Becker & Schweinhar2D11). However these events take
place, they represent important commonalities an©88& and are thought to explain many of
the overlapping symptoms (Banister, Bee, & Dickens2009). Thus, it is presumed that the
beneficial effects of intervening factors, such meper coping and pain management, are
achieved because they help restore balance amasg tfactors and ameliorate comorbid
symptoms (Robinson, Garofalo, & Gatchel, 2006).
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Where the BPS model has been useful in delinediegpathogenesis of TMD among
other pain conditions, implementation of effectimeervention early in the course of pain onset
is imperative for preventing chronicity and incriegsthe likelihood of long-term responsiveness
(Gatchel, Stowell, Wildenstein, & Riggs, 2006).idtcommon knowledge that prevention and
early intervention are fundamental in treatmentesas for any condition. The clinical- and cost-
effectiveness of the BPS approach and of IPRP&&as, in large part, the result of its ability to
identify those at high- risk for developing chratycand to provide a multimodal intervention
while they are in the acute stages of illness (K&t Okifuji, 2006; Keller, Hayden,
Bombardier, & van Tudler, 2007). Because of theacdp of the BPS model to address the
added complexities of pain illness, it has complaratiinical- and cost- effectiveness at the
immediate post- treatment evaluation, and betteg-klerm outcomes over medical treatments
alone (Gatchel & Okifuji, 2006; Keller, Hayden, Bbardier, van Tudler, 2007).

2.6 Hypotheses

The purpose of the present research was to inastitne biopsychosocial factors of
TMD. We have conducted two studies using selectedptes from an overarching protocol
conducted by Gatchel and colleagues. The followsgn outline of the specific aims and
respective hypotheses for Study 1 and Study 2:
Study 1
1. Identified physical symptoms (TMD-specific and TMignspecific) within a

sample of individuals with acute TMD.
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» Hi= Those with Axis | RDC/TMD Group | Muscle Disordewould have
more comorbid physical symptoms than those withsAxGroup 1l and

Group Il disorders.

Study 2

2. Examined the influence of two different intervemsoon physical symptoms,

pain, and pain-related disability.

» H,= Biobehavioral intervention (BB) would cause margrovement in
physical symptoms (TMD- specific and TMD non-spegitompared to

self-care (SC).

» Hs= BB would cause more improvement in pain and peiated

disability compared to SC and LR.

3. Investigated the influence of emotional distresgpbwgsical symptoms, pain, and

pain-related disability.

» Hs,= Emotional distress would mediate the effects mterlvention on

physical symptoms immediately following the intamtien (T2).

» Hs= Emotional distress would mediate the effectsnbérvention on pain

and pain-related disability at T2.
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CHAPTER 3

STUDY 1

3.1 Study 1 Methods

Participants

Participants were included on the basis of hagymgptoms of acute TMD as defined by
the RDC/TMD. Potential participants were excludedhey had had previous occurrences of
TMD, or if they had symptoms for longer than six ntits prior to enrollment in the study.
Additionally, participants were excluded if theydha pain-exacerbating chronic illness that
could have potentially interfered with accuratetgessing or investigating TMD, or if they were
younger than 18 years of age. Participants wemited upon referral from participating health
clinics and educational settings within a major no@blitan area. Alternative modes of
recruitment included flyers, handouts, personaltactn and academic talks. Upon consenting
and screening participants were compensated $20r0Deir time. In addition to any benefits
garnished from the intervention, participants reedi$50.00 at each of the four assessments. If
the participants acquired a considerable travekege for their involvement in the study, they
were given a gas card. (Please refer to Table & flmw chart of the sample selections for Study

1).
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Measures
Physical symptoms

As described by Garofalo et al. (1998), the ReseBragnostic Criteria (RDC)/TMD is a
comprehensive diagnostic evaluation because ohutisitaxial classification system. Similar to
the Diagnostic Statistical Manual (DSM), the RDC/DNtentifies the physical components on
Axis I. Axis | is comprised of three different gnuai of physical disorders (Derogatis, 1983).
Muscle Disorders constitute Group 1, Disc Displaests are designated within Group 2, and
other joint conditions (e.g., arthritis, arthralgiand arthrosis) are included in Group 3
(LeResche, Fricton, Mohl, Sommers, & Truelove, )99he Symptoms Checklist is a 138 item
inventory of demographic, medical history, and ptgissymptoms that have commonly been
identified in those with 10 different conditionsgn, Burke, & Butchwald, 2000). Specifically,
these symptoms pertain to CFS, FM, IBS, TMD, cltdmadaches, low-back pain, chemical
sensitivities, post-concussion syndrome, irritdiddelder syndrome, and pelvic pain.

Psychosocial symptoms

Axis Il of the RDC/TMD is allocated for psychosdc@ncerns, as well as, self- reports
of pain and pain- related disability. Pain is meaduusing the Characteristic Pain Inventory
(CPI), which has been extensively validated as ablei predictor of patient's outcomes
(Derogatis, 1983). This scale measures the avgraige the most intense pain, and the current
pain. The Graded Chronic Pain Scale (GCPS) is ansg&m questionnaire that measures pain-
related interference in daily activities, recrea#ib (social) activities, and ability to work
(Dworkin & LeResche, 1992). Additionally, Axis lh¢ludes the Symptom Checklist-90, which
provides a global index of psychosocial health @getis, 1983). The SF-36 Health Status
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Survey is another well-validated measure of ovelahlth including both physical and
psychosocial variables (Ware et al., 1995). Theeeegght subscales four of which pertain to a
physical health (PH) component (Ware et al., 19%8gse subscales include physical function,
role physical, bodily pain, and general heath. \Easy the other four subscales including, mental
health, role emotional, social function, and vitafpertain to the mental health (MH) component
(Ware et al., 1995). The Beck Depression Inveni@il) has been widely used and well-
validated as a measure of symptoms of depressieck(EBsteer, & Garbin, 1988). Specifically, it
assesses negative cognitions about the self, thHed vemd the future.

Study 1

The purpose of this study was to identify TMD rapecific symptoms of CSS among
various groups of Axis | RDC/TMD disorders. Thissearch interest was formed in light of
recent evidence demonstrating an apparent ovedapelen TMD and disorders of CSS, such as
CFS, FM, and IBS, to name a few (Aaron, Burke, &dBwald, 2000; Yunus, 2008). This study
serves the goal of identifying which one of the #%iRDC/TMD disorders has the strongest
overlap with symptoms of CSS. Additionally, emoabuistress has been consistently observed
among those with TMD and CSS and suggested asrapyrietiological or exacerbating factor
(Blackburn-Munro & Blackburn-Munro, 2001). Theredorthis study also investigates the
influence of emotional distress in the prevalenteploysical symptoms. It is expected that
symptoms of CSS will be more prevalent among thegh an Axis | RDC/TMD Group |

Muscle Disorder compared to the other Axis | RDCD Misorders.
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Design

As part of an ongoing protocol by Gatchel andeagues, the present study conformed to
a one-way MANOVA model. The independent variabM) (for this analysis was Axis | with
five levels including no diagnosis, Axis | RDC/TMGroup |, Axis | RDC/TMD Group I, Axis
| RDC/TMD Group Ill, and more than one diagnosifhieTprevalence of TMD non-specific
symptoms of CSS as indicated by the Symptom Cletckéirved as the DVs for this analysis.
Additionally, we investigated whether emotionaltdiss mediated the relationship between Axis
| and TMD non-specific symptoms of CSS once we tealkfined the Axis | RDC/TMD groups
in order to be more sensitive to which groups ofsAxdisorders were more strongly related to
these symptoms. For this analysis, we used a MANE@/th Axis | as the IV with three levels
including a no diagnosis group, Axis | RDC/TMD Gpoly and Axis | RDC/TMD Group | and
Group Il combined. Comorbid symptoms of CSS wére DVs and emotional distress was a
covariate in this analysis and was indicated byescon the BDI, as well as, the MH component
of the SF-36 Health Status Survey.

Procedure

Upon recruitment, Master’'s level psychologists sgered in pain management and
rehabilitation scheduled the initial screeningpmfied consent, and the baseline assessment (i.e.,
T1). Participants were included on the basis ofitickision/exclusion criteria as specified in the
Participants section. Participants were informethefr rights and responsibilities as participants
in the study, and provided with a brief descriptmithe study during informed consent. For
example, participants were made aware that theyduoel asked to complete an assessment of
their physical and psychosocial symptoms along \p#hsonal information pertaining to their
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demographic and medical background at four spektfree points over the course of their two
year involvement in the study. Upon obtaining infied consent and eligibility screening, a risk
assessment was conducted using the data fromitiaé iaseline assessment.

Statistical Analysis

The purpose of Study 1 was to identify comorbid gioms of CSS and investigate the
role of emotional distress. For the group compasséiolm-Bonferroni corrections were used to
reduce Type | error. The appropriateness of thithateof Type | correction for our multivariate
analyses stems from its capacity to not overcondwtn there are several dependent variables
included in the analyses. First, we investigateti@did symptoms of CSS among various types
of Axis | RDC/TMD disorders. In line with existinggsearch demonstrating a high comorbidity
of overlapping symptoms among disorders, such aB,T®FS, FM, and chronic headaches, we
investigated the prevalence of symptoms of CSSsacseveral groups of TMD disorders
including those with no Axis | diagnosis, thosetwi Group | Muscle Disorder, those with a
Group 1l Disc Displacement, those with a GroupBtne deficiency, and those with more than
one diagnosis. For this analysis, we conducted kivadate analysis of variance (MANOVA)
with Axis | as the independent variable (IV) anangpgoms of CSS as the dependent variables
(DV)s. The outcomes for these analyses were obdeavéaseline (T1) in order to observe the
prevalence of comorbid symptoms and its relatignstith emotional distress with respect to
three different types of Axis | RDC/TMD disordensgp to the effects of Intervention.

Having established that the prevalence of comodyichptoms of central sensitivity
syndrome (CSS) were more prevalent among those amtAxis | Muscle Disorder and those
with more than one diagnosis and having determihatithose that had more than one diagnosis
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were primarily those with an Axis | RDC/TMD GrougMuscle Disorder and a Group Il Bone
Deficiency, we refined our group comparisons inodffto more adequately investigate the
observed relationships in symptomatology. In ortteridentify the prevalence of comorbid
symptoms of central sensitivity syndrome (CSS) agnttiose with no diagnosis, those with only
an Axis | RDC/TMD Group | Muscle Disorder, and teosith a Group | Muscle Disorder and a
Group lll Bone Deficiency, we conducted a MANOVALtiAxis | as the IV with three levels
including no diagnosis, Axis | Group | Muscle Dider, and Axis | Group | and Group |l
disorder combined) and symptoms of CSS as the PMsing investigated these aims at T1
prior to intervention, we are able to interpretsiadindings with respect to our first aim of
identifying which Axis | RDC/TMD disorder is mostrengly related to symptoms of CSS.

In a continued effort to establish the nuancesoofi@rbid symptoms with respect to Axis
| RDC/TMD disorders and to clarify the role of enooial distress where this symptomatology is
indicated, we conducted the following analysesaaeline in order to interpret our findings prior
to examining the effects of Intervention. We witurn to our investigation of these analyses
across both time points in Study 2 designed forpimgose of our second aim of investigating
the effects of Intervention on TMD specific and TMidn-specific symptoms. In effort to
investigate whether emotional distress mediatedocbitt symptoms of CSS, we conducted a
MANOVA to determine whether the requisite relatibips between our covariate (CV),
emotional distress as indicated by the BDI and 6MBIC, and (IV), Axis |, was present in our
sample. To do so, we compared emotional distresmgrthose with no diagnosis, those with an
Axis | Group | Muscle Disorder, and those with baih Axis | Group | Muscle Disorder and
Group Il Bone Deficiency. In order to fulfill anmér requirement prior to mediational analyses,
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we conducted bivariate correlations in order toedatne whether the requisite relationships
between our CVs, emotional distress, and dependamdbles DVs including total physical
symptoms, symptoms of CFS, FM, chronic headachBS, llow back pain, chemical
sensitivities, irritable bladder syndrome, postassion syndrome, and pelvic pain were present
in our sample at both Time points (T1 and T2). thag analysis, we examined the relationship of
emotional distress and comorbid symptoms of CS®sacboth Time points as this analysis
serves as a prerequisite for our group comparigxasnining the effects of Intervention and
mediation of the effects of Intervention by emoétbulistress in the Study 2. Once we had
observed the required relationships between ouablas were present in our sample and that
there was a multivariate effect for Axis | priorrieediation, we conducted a multivariate analysis
of covariance (MANCOVA) with Axis | as the IV witthree levels including, those with no
diagnosis, those with an Axis | Group | Muscle Dgsr, and those with both an Axis | Group |
Muscle Disorder and Group Il Bone Deficiency. Syoms of CSS at T1 were the DVs for this
analysis so as to allow for interpretation of arstfaim prior the influence of Intervention.

3.2 Study 1 Results

TMD Non-Specific Symptoms: Comorbid Symptoms of CSS

All variables were conducted using the approprsataing protocol which accounted for
missing data using mean imputation. As expectettetivere no differences among the
demographic variables between our intervention gsolihe analyses revealed that the 272
participants included in our sample (see Figurerafflow chart of our sample selection). The
current study investigated comorbid symptoms of @®®ng various types of Axis |

RDC/TMD disorders. In line with existing resear@mntbnstrating a high comorbidity of
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overlapping symptoms among disorders, such as T&HS, FM, and chronic headaches, we
investigated the prevalence of symptoms of CCSsacseveral groups of TMD disorders
including those with no Axis | diagnosis, thosewdt Group | Muscle Disorder, those with a
Group Il Disc Displacement, those with a GroupBtine deficiency, and those with more than
one diagnosis. For this analysis, we conducted lavarate analysis of variance (MANOVA).
As expected, the analysis revealed a multivaritiee&for Axis |, F(44, 1040) = 1.61, p < .0f

= .06. Univariate analysis demonstrated that Aximglienced total physical symptoms, F(4,
267) = 2.40, p = .05 = .04. Additionally, we determined that Axis | @alimfluenced symptoms
specific to CFS, F(4, 267) = 3.50, p < .65~ .05, FM, F(4, 267) = 2.91, p < .05 = .04, and
female pelvic pain, F(4, 267) = 3.78, p < .§5= .05 (see Table 1). Although we had predicted
that those with a Group | disorder would have namn@orbid symptoms of CSS, the analysis
revealed that those with more than one diagnosispaificantly more total comorbid symptoms
compared to those with no diagnosis and those avith an Axis | RDC/TMD Group |l

disorder. In partial support of our expectatiohsse with more that one diagnosis had
significantly more symptoms of CFS than all otheyups except those with only an Axis |
RDC/TMD Group | disorder. Those with more that alegnosis had significantly more
symptoms of FM than all other groups except thogle @nly an Axis | RDC/TMD Group |
disorder. Those with more than one diagnosis aosetlwith an Axis | RDC/TMD Group |
disorder had significantly more symptoms of fenaévic disorder compared to those with no
diagnosis. Also, those with an Axis | Group | dider had more symptoms of chemical

sensitivities compared to those with no diagnosis.
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Having established that the prevalence of comaspidptoms of central sensitivity
syndrome (CSS) were more prevalent among thoseanithxis | Muscle Disorder and those
with more than one diagnosis and having determihatithose that had more than one diagnosis
were primarily those with an Axis | RDC/TMD GroupMuscle Disorder and a Group Il Bone
Deficiency, we refined our group comparisons iroeffo more adequately investigate the
observed relationships in symptomatology. In otdedentify the prevalence of comorbid
symptoms of central sensitivity syndrome (CSS) agnibiose with no diagnosis, those with only
an Axis | RDC/TMD Group | Muscle Disorder, and tkosith a Group | Muscle Disorder and a
Group Il Bone Deficiency, we conducted a MANOVAs A&xpected, the analysis revealed a
multivariate effect for Axis I, F(22, 332) = 2.45< .05° = .14. Univariate analysis
demonstrated that Axis | influenced total physeahptoms, F(2, 175) = 4.67, p < .68,= .05.
Additionally, we determined that Axis | also influged symptoms specific to CFS, F(2, 175) =
5.79, p < .05p2 = .06, FM, F(2, 175) = 5.46, p < .0%,= .06, IBS, F(2, 175) = 3.05, p = .G,
= .03, low back pain, F(2, 175) = 3.06, p < .§55 .03, post-concussion syndrome, F(2, 175) =
3.55, p < .05p* = .04, and female pelvic pain, F(2, 175) = 6.69, .p51* = .07 (see Table 2).
We expected that those with an Axis | Group | amdup Il would have more symptoms
compared to those with only a Group | disorder tiode with no diagnosis. In line with our
expectations, those with both Axis | disorders e total comorbid symptoms, as well as
symptoms of CFS, FM, chronic headaches, and low pam, compared to those with only an
Axis | Group | disorder and those with no diagnosidditionally, those with both disorders had
more symptoms of IBS compared to those with northags. Those with an Axis | Group |
disorder had more symptoms of female pelvic disocdenpared to those with no diagnosis. In
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contrast to our expectations, those with no diaignuasd more symptoms of post-concussive

syndrome compared to the other two groups.
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Figure 1. Sampling and Flow of Participants throagifRandomized Early Intervention Study
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Table 1. Mean Proportion of Symptoms of CSS

as a Function of Axis | with Five Groups of Disorsle

Axis | RDC/TMD Disorders With Five Groups

(n=272)
No Diagnosis Group | Group Il Group I > One
(n=37) (n=69) (n=12) (n=20) Diagnosis
M (SE) M (SE) M (SE) M (SE) (n=134)
M (SE)
Total Physical .19 (.02) .22 (.02) 17 (.04) 17 (.03) 24 (.01)*
Symptoms
CFS .30 (.04) .36 (.03) .26 (.07) .29 (.05) 41 (.02)*
FM .29 (.04) .36 (.03) .25 (.07) .29 (.05) .39 (.02)*
Chronic .13 (.05) .12 (.03) .13 (.08) .11 (.06) .19 (.02)
Headaches
Low Back .08 (.04) 11 (.03) .19 (.07) .06 (.06) .14 (.02)
Pain
IBS .18 (.05) .23 (.04) .10 (.08) 11 (.07) .24 (.03)
Chemical .02 (.02) .08 (.02)* .07 (.04) .05 (.03) .05 (.01)
Sensitivities
Irritable .08 (.03) 11 (.02) .08 (.04) .09 (.03) 11 (.01)
Bladder
Post- .23 (.05) .10 (.03) .11 (.08) .09 (.06) 11 (.02)
Concussion
Female Pelvic .06 (.03) .20 (.02)* .18 (.05) .11 (.04) 17 (.02)
Pain
Male Pelvic .03 (.01) .01 (.01) .01 (.02) .01 (.01) .02 (.01)
Pain

Note. The table above displays a main effect foisAxon comorbid symptoms of CSS.

Although we had predicted that those with a Grodisérder would have more comorbid
symptoms of CSS, the analysis revealed that thakemore than one diagnosis had sgnificantly
more total comorbid symptoms compared to those matdiagnosis and those with only an Axis
| RDC/TMD Group lll disorder. In partial support otir expectations, those with more that one
diagnosis had significantly more symptoms of CRshtall other groups except those with only
an Axis | RDC/TMD Group | disorder. Those with mahat one diagnosis had significantly
more symptoms of FM than all other groups excepsehwith only an Axis | RDC/TMD Group

| disorder. Those with more than one diagnosistande with an Axis | RDC/TMD Group |
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disorder had significantly more symptoms of fenaévic disorder compared to those with no
diagnosis. Also, those with an Axis | Group | dd@r had more symptoms of chemical
sensitivities compared to those with no diagnosis.

Table 2. Mean Proportion of Symptoms of CSS asrecttan

of Axis | with Three Groups of Disorders Prior teeMation by Emotional Distress

Axis | RDC/TMD Disorders With Three Groups

(n=178)
No Diagnosis (n= Group | (n=69) Group | &1l (n=72)
37) M (SE) M (SE)
M (SE)
Total Physical .19 (.02) .22 (.02) .28 (.02)*
Symptoms
CFS .30 (.04) .36 (.03) 45 (.03)*
FM .29 (.04) .36 (.03) 44 (.03)*
Chronic Headaches .13 (.05) .12 (.03) .22 (.03)*
Low Back Pain .08 (.04) .11 (.03) .20 (.03)*
IBS .18 (.05) .23 (.04) .32 (.04)*
Chemical .02 (.02) .08 (.02) .07 (.02)
Sensitivities
Irritable Bladder .08 (.03) 11 (.02) .13 (.02)
Post- Concussion .23 (.05)* .10 (.03) .10 (.03)
Female Pelvic Pain .06 (.03) .20 (.02)* .18 (.02)
Male Pelvic Pain .03 (.01) .01 (.01) .02 (.01)

Note. The table above displays a main effect osAxwith three groups of disorders on
comorbid symptoms of CSS. We expected that thodeam Axis | Group | and Group 11l would
have more symptoms compared to those with onlycaesr disorder and those with no
diagnosis. In line with our expectations, thosehnvlibth Axis | disorders had more total
comorbid symptoms, as well as symptoms of CFS, ¢ivhnic headaches, and low back pain,
compared to those with only an Axis | Group | dd&rand those with no diagnosis.
Additionally, those with both disorders had morenpyoms of IBS compared to those with no
diagnosis. Those with an Axis | Group | disorded In@ore symptoms of female pelvic disorder
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compared to those with no diagnosis. In contrasutroexpectations, those with no diagnosis
had more symptoms of post-concussive syndrome cadpa the other two groups.

Emotional distress

In order to investigate the theory that symptom$MD and symptoms of CSS are
related and are thought to be promoted and maedaiy emotional distress, we conducted the
following analyses in order to better understargitifluence of emotional distress. In effort to
investigate whether emotional distress mediatedocbitt symptoms of CSS, we conducted a
MANOVA in order to determine whether the requisiationship between our covariate (CV),
emotional distress as indicated by the BDI and 6Bl at T1, and (IV), Axis |, was present in
our sample. To do so, we compared emotional dsae®ng those with no diagnosis, those
with an Axis | Group | Muscle Disorder, and thosghwboth an Axis | Group | Muscle Disorder
and Group Il Bone Deficiency. We found support doir expectation for group differences, F(4,
344) = 2.65, p < .05 = .03, such that those with a Muscle Disorderabne Deficiency had
more symptoms of depression on the BDI, F(2, 172)086, p < .051;]2 = .06, and lower mental
health on the SF-36 MH, F(2, 172) = 3.27, p < {5 .04, compared to those with no diagnosis

(see Figures 2 and 3).
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Note. The above figure displays a main effect ofsAxwith three groups of disorders for
symptoms of depression. Higher scores indicatetgregmptoms of depression. Those with

more than one diagnosis had significantly more sgmp of depression compared to those with
no diagnosis.

In order to fulfill another requirement prior to diational analyses, we conducted
bivariate correlations in order to determine whethe requisite relationships between our CVs,
emotional distress, and dependent variables DMading total physical symptoms, symptoms
of CFS, FM, chronic headaches, IBS, low back paiemical sensitivities, irritable bladder
syndrome, post-concussion syndrome, and pelvic\pare present in our sample at both Time
points (T1 and T2). As expected, there was a stpmsgive relationship between symptoms of
CSS and BDI (r=.57; p< .05) indicating a highenailence of symptoms corresponds to higher
prevalence in symptoms of depression and a streggtive relationship with SF-36 MHC (r=-
A47; p< .05) suggesting lower mental health cowadpd to a higher prevalence of symptoms at
Time 1. We observed similar trends at Time 2 fol BB.56; p< .05) and SF-36 MHC (r=-.34;
p< .05). For a display of these analyses, plegige to Table 3.

Table 3. Pearson Correlation Coefficients for

Symptoms of CSS and Emotional Distress Over Time

BDI BDI MH MH
(T1) (T2) (T1) (T2)
Total Physical Symptom: r=.57* r=.44* r=.47*% r=.24*
(T1) p=.00 p=.00 p=.00 p=.01
Total Physical Symptom: r=.47* r=.56* r=.45% r=.34*
(T2) p=.00 p=.00 p=.00 p=.00
CFS (T1) r=.59* r=.46* r=.48* r=.30*
p=.00 p=.00 p=.00 p=.00
CFS (T2) r=.48* r=.56* r=.44* r=.43*
p=.00 p=.00 p=.00 p=.00
FM (T1) r=.63* r=.45* r=.50* r=.34*
p=.00 p=.00 p=.00 p=.00
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Table 3. — continued

FM (T2) r=.52* r=.61* r=.48* r=.44*

p=.00 p=.00 p=.00 p=.00
IBS (T1) r=.34* r=.24* r=.34* r=.15

p=.00 p=.01 p=.00 p=.08
IBS (T2) r=.27* r=.24* r=.30* r=.18*

p=.00 p=.01 p=.00 p=.04
Low Back Pain (T1) r=.27* r=.17* r=.19* r=.11

p=.00 p=.05 p=.03 p=.21
Low Back Pain (T2) r=.35* r=.43* r=.31* r=.14

p=.00 p=.00 p=.00 p=.10
Irritable Bladder r=.23* r=.17* r=.19* r=.02
Syndrome (T1) p=.01 p=.05 p=.03 p=.81
Irritable Bladder r=.03 r=.18* r=.13 r=.01
Syndrome (T2) p=.71 p=.03 p=.14 p=.88
Chemical Sensitivities r=.29* r=.47* r=.38* r=.20*
(T1) p=.00 p=.00 p=.00 p=.02
Chemical Sensitivities r=.33* r=.30* r=.35 r=.07
(T2) p=.00 p=.00 p=.00 p=.40
Post-Concussive r=.13 r=.11 r=.02 r=.07
Syndrome (T1) p=.14 p=.22 p=.83 p=.44
Post-Concussive r=.15 =.15 r=.09 r=.02
Syndrome (T2) p=.08 p=.10 p=.33 p=.84
Female Pelvic Syndrome r=.15 r=.09 r=.08 r=.04
(T1) p=.09 p=.33 p=.34 p=.68
Female Pelvic Syndrome r=.08 r=.06 r=.02 r=.11
(T2) p=.36 p = .46 p=.82 p=.21

Note. The above table displays the correlationsyonptoms of CSS and the

CVs BDIl and MH at T1 and T2. The correlation cagéfnts are provided at

both time points with the p values provided belagter value.

Once we had observed the required relationshipsdaet our variables were present in
our sample and that there was a multivariate eftecAxis | prior to mediation, we conducted a
multivariate analysis of covariance (MANCOVA). Thealyses revealed an effect for Axis I,
F(22, 302)= 2.33, p< .092 = .15, on total comorbid symptoms of CSS. ABD], F(11, 150)=
3.37, p< .05112 = .20, and SF-36 MHC, F(11, 150)= 2.06, p< 155 .13 were significant

mediators of Axis | on comorbid symptoms of CSS.dional distress partially mediated

symptoms of CFS, F(2, 160)= 3.85, p< .§8,= .05, symptoms of post concussive syndrome,
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F(2, 160)= 5.63, p< .0;2 = .07, and female pelvic disorder, F(2, 160)26px .05n2 = .07.
Specifically, those with an Axis | RDC/TMD Groumihd Group Il disorder had significantly
more symptoms of CFS compared to those with nondisig. Those with only an Axis |
RDC/TMD Group | disorder and those with an AxisD®& TMD Group | and Group Il disorder
had more symptoms of post concussive syndromeeandlé pelvic disorder. Also, total
physical symptoms, F(2, 160)= 1.77, p> §8,= .02, symptoms of FM, F(2, 160)= 2.47, p> .05,
n2 = .03, and symptoms of low back pain, F(2, 160p2, p< .05n2 = .02, were fully mediated
by emotional distress (see Table 4).

Table 4. Mean Proportion of Symptoms of CSS as a

Function of Axis | with Three Groups of Disorderfiegk Mediation by Emotional Distress

Axis | RDC/TMD Disorders With Three Groups with Btional
Distress (n = 165)
No Diagnosis (n= Group | (n=63) Group | & Il (n=67)

35) M (SE) M (SE)

M (SE)
Total Physical .22 (.02) .23 (.02) .26 (.01)
Symptoms
CFS .35 (.03) .36 (.02) 43 (.02)*
FM .34 (.03) .36 (.02) 41 (.02)
Chronic Headaches .15 (.04) .13 (.03) .19 (.03)
Low Back Pain .10 (.04) .12 (.03) .17 (.03)
IBS .20 (.05) .22 (.04) .31 (.04)
Chemical .04 (.02) .07 (.02) .06 (.02)
Sensitivities
Irritable Bladder .10 (.03) .10 (.02) .12 (.02)
Post- Concussion .27 (.05)* .11 (.04) .07 (.04)
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Table 4. — continued

Female Pelvic Pain .06 (.03) .20 (.02)* 17 (.02)*

Male Pelvic Pain .03 (.01) .01 (.01) .02 (.01)
Note. The table above displays a main effect osAxwith three groups of disorders partially
mediated by emotional distress. As expected, taadorbid symptoms of CSS, as well as
symptoms of FM, chronic headaches, low back paid,|IBS were fully mediated by emotional
distress. Additionally, the analyses revealed thase with both disorders had significantly
more symptoms of CFS compared to those with ofyaup | disorder and those with no
diagnosis. Those with only an Axis | RDC/TMD Grolgiisorder and those with an Axis |
RDC/TMD Group | and Group 1l disorder had fewengtoms of post- concussive syndrome
and more symptoms female pelvic disorder.
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CHAPTER 4
STUDY 2

4.1 Study 2 Methods

The purpose of Study 2 was to investigate theceffef Intervention on TMD specific
symptoms of Axis | RDC/TMD disorders. It was expatthat those in the BB Intervention
group will have comparatively fewer TMD specifiaggtoms, comorbid symptoms of CSS, and
pain and pain-related disability at the immediaistgevaluation (T1) compared to the baseline
evaluation (T1). Also, we expected emotional degr® mediate the effects of Intervention.

Design

As part of an ongoing protocol by Gatchel andeagjues, the present study conformed to
a 2(Intervention: SC-Self-care, BB-BiobehavioraB(Xime: T1-baseline and T2-post-
intervention) mixed-factorial design. Time (T1 an2) was the within- subjects independent
variable (IV), and Intervention (SC and BB) was between-subjects IV. The dependent
variables (DV) included the prevalence of TMD sfie@ymptoms as indicated by the
RDC/TMD: 1), the number of muscle pain sites seragthe DV for Axis | Group | Muscle
Disorders; 2) the opening pattern, range, and gpoinds with opening served as the DV for
Axis | Group Il Disc Displacements; and 3) excunsi@nd protrusions served as the DV for
Axis | Group Il Bone Deficiencies. Scores on thel@nd GCPS were the DV for pain and

pain-related disability, respectively. Emotionadtdess was a covariate in many of the present
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analyses and was indicated by scores on the BNglsas, the MH component of the SF-36
Health Status Survey.

Procedure

Once the participant was successfully enrolledhénstudy and had completed the
baseline assessment (T1), the participant’s paimgson the CPIl and whether or not they had
myofacial pain at two specified muscle sites ascated by the RDC/TMD was entered into an
algorithm developed by Epker, Gatchel, & Ellis (2R9This algorithm reliably classifies those at
low- and high- risk for chronicity with a 91% aceuay. Those at low-risk comprised the LR
intervention group. Those at high-risk were furtreerxdomized into the SC or BB intervention
groups. Participants were told that if they decitiegarticipate in the study, they would be asked
to complete the assessment, which took approxisnated and a half to two hours, at baseline
(T1), post-intervention (T2), 12 months post-intriion, and again at 24 months post-
intervention. Additionally, they were asked to pevinformation at three month intervals
through telephone interviews with the researchqrersl. Moreover, they were told that they
would be randomly selected to participate in onthode different intervention groups. One of
the interventions (LR) was described as consigiirtglephone interviews every three months
for 24 months, while the other two intervention€, &d BB, were described as involving a
series of six one and a half to two hour-long sessivithin a six week to three month time
period during which time they would be provideddin educational framework and pain
management techniques for facilitating recovery.

The present study bases the intervention prot@oot previous work conducted by
Mirsha and colleagues, Gardea and colleagues, atth@ and colleagues as these studies have
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been replicated and demonstrated reliability thiotigg combined influence of CBST and
biofeedback. As mentioned earlier, certain coga#ifective factors can potentiate pain through
modulation of pain-autonomic responding. The CBSpeat of the intervention targets these
variables by challenging participants to becomeenawvare of their endorsement of maladaptive
automatic thoughts, pain behaviors, and poor coptagjents were provided with an educational

framework of how “physical,” “psychological,” anddcial” factors interact dynamically in
order to promote and maintain pain pathology. Toe&lgand objectives of each of the CBST
sessions were geared toward providing the patiéhttive skills to effectively manage their pain
condition (Gatchel et al., 2006).

First, patients were challenged to identify cued events that triggered arousal and pain
(Gatchel et al., 2006). Patients were also askedt® the thoughts and behaviors they engaged
in as a result of such triggers. In this way, thdividual is made more aware of the specific
triggers and pain cognitions that cause them stredgheir pain symptomatology to worsen.
Patients were also asked to set specific, attaengdwhls for the short-term and long-term, such as
changing food or exercise habits, and rewardingedves when those goals were met. Keeping
track of improvements by assessing the frequeneoyasdaptive, cognitive-behavioral
responses at the beginning of treatment and fatigwnprovements over the course of treatment
puts the patient in the front seat of managing tbendition (Gatchel et al., 2006). Second,
patients were trained to distract themselves bydig on music or things outside of pain.
Pleasurable activities are important distractedsthat can be used strategically to reward
compliance or adaptive coping. Patient’s were astigmepare adaptive cognitive- behavioral

response to negative events. Among some of mal&daguignitions, are automatic thoughts or
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appraisals of events including filtering, polarizbdhking, overgeneralization, mind reading,
catastrophizing, personalization, control fallacfefiacy of fairness, blaming, should, emotional
reasoning, fallacy of change, global labeling, beight, and heaven’s reward fallacy. All of
these cognitive appraisals involve unrealistic exq@ons or interpretations of the self, others, or
the universe (Gatchel et al., 2006). In additioenabling the patient to be more proactive in the
management of their pain, the biofeedback aspetteahtervention helps restore a sense of
personal control through enabling participant obséhe influence they have over their
physiological responding. This component has aésnahstrated reliability and serves as a back-
up for some individuals who may be resistant tdgssional or educational explanations
(Bernstein & Gatchel, 2001).
Statistical Analysis

The purpose of Study 2 was to examine the effddistervention and investigate the
role of emotional distress on TMD specific symptavhé\xis | RDC/TMD disorders. For the
group comparisons, Holm-Bonferroni corrections wesed to reduce Type | error. The
appropriateness of this method of Type | correctasrour multivariate analyses stems from its
capacity to not overcorrect when there are seviaéndent variables included in the analyses.
As a preliminary step in our analysis, we condua@&dANOVA with Intervention as the
between subjects IV and Time as the within subja¢asnd BDI and SF-36 MH as the DVs in
order to determine whether the required relatignbleitween Intervention and emotional distress
for mediational analyses was present in our sanhplerder to investigate the effects of
Intervention on TMD specific symptoms, we investaghthe influence of the two interventions
on TMD-specific measures of an Axis | Group | M&sBlisorder, including the 20 different
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muscle sites used to assess Axis | Disorders. A XN was conducted with Intervention as
the between subjects IV, Time as the within subj&¢t and the 20 muscles sites as the DVs.
Although, we did not conduct mediational analysesva had planned to do because of
discovering that there was no relationship betwatrvention and emotional distress, we
conducted bivariate correlations the 20 muscles sised to diagnose Axis | Group | Muscle
Disorders and emotional distress at T1 and T2.

As a continued effort to examine the effects oéiméntion on TMD specific symptoms,
we investigated our expectation to observe thei@mite of the two Interventions on TMD-
specific measures of Axis | Group Il Disc Displa@ts, including TMD specific target
variables used to diagnose Disc Displacements. ANKXA was conducted with Intervention
as the between subjects 1V, Time as the withinesibjlV, and the TMD specific target
variables for Axis | Group Il Disorders as the D¥dthough, we did not conduct mediational
analyses with emotional distress as the mediatahfe group of symptoms for reasons already
specified, we conducted bivariate correlationstiertarget variables used to diagnose Axis |
Group Il Disc Displacements and emotional distegsEl and T2. As a continued effort to
determine the effects of Intervention on TMD speafymptoms, we conducted a MANOVA
with Intervention as the between subjects 1V, Tasdhe within subjects IV, and target variables
used to diagnose Axis | Group lll Bone Deficiencssthe DVs. Although, we did not conduct
mediational analyses as we had planned for readoeedy mentioned, we conducted bivariate
correlations for the target variables used to di@gnrAxis | Group Ill Bone Deficiencies and

emotional distress at T1 and T2.
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Having determined the effects of Intervention onBpecific symptoms among the
three groups of Axis | disorders, we conducted aNNDAVVA with Intervention as the between
subjects IV, Time as the within subjects IV, and D Mon-specific symptoms of CSS as the
DVs. Next, we conducted a MANOVA with Interventias the between subjects IV, Time as the
within subjects IV, and pain and pain related digglas the DVs to examine the effects of
Intervention on pain and pain-related disabilitivaBiate correlations were performed for pain
and pain related disability and emotional distfesg1 and T2.

4.2 Study 2 Results

All variables were conducted using the approprsataing protocol which accounted for
missing data using mean imputation. In order tausnghat our intervention groups were
homogenous among the observed demographic variaislesling age, education, and number
of children in the household, gender, ethnicityritaastatus, and household income, initial
analyses were conducted. Analyses of covariancéO\)s were conducted to compare
differences in age, education, and number of abdmmong those in the low-risk, non-
intervention group (LR), those in the high-riskifsmare group (SC), and those in the high-risk,
biobehavioral group (BB). Chi-square analyses weralucted in order to detect unanticipated
relationships between gender, ethnicity, maritaiust, and household income demographics and
our three intervention groups, LR, SC, and BB. RAgeeted, there were no differences among
the demographic variables between our intervergronps (see Figure 4 for a flow chart of our
sample and Table 5 for descriptives). The analy@esaled that the 250 participants included in

our sample were predominately female (78.8%) withean age of 43.76 (SE = .94).
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Figure 4. Sampling and Flow of Participant Seletfiar Study 2
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Allocation
(n =382)

)\

Allocated to Self-Care
Intervention (n=115)

|
/ [ Randomization

Missing
(n=24)

High Risk (n=250)

v

Allocated to Biobehavioral

Follow-Up Intervention (n=135)
Missing (n=250)
(n =255)
v
Separate Analyses Conducted Intervention Group Total Missing
for Study 2 SC BB
The Effects of Intervention 71 73 144 361
on Emotional Distress across Time
The Effects of Intervention 71 76 147 358
on Group | symptoms across Time
The Effects of Intervention 69 71 140 365
on Group Il symptoms across Time
The Effects of Intervention 51 56 107 398
on Group Il symptoms across Time
The Effects of Intervention 68 75 143 362
on Symptoms of CSS across Time
The Effects of Intervention 74 77 151 354
on Pain & Disability across Time
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Table 5. Demographics for the Selected Sample dimfuAge, Highest Grade Completed,

Number of Children in Household, Gender, Ethnidit\grital Status, and Household Income

Demographic M (SE) Demographic n (%)

Age 43.76 (.94) Gender
Male 50 (20.0%)
Female 197 (78.8%)
No information Provided 3 (1.2%)

Highest Grade 15.07 (.14) Ethnicity

Completed White 166 (66.4%)
Latino 30 (12.0%)
Black 32 (12.8%)

Number of Children .77 (.07) Asian 8 (3.2%)

in Household Other 8 (3.2%)
Missing 1 (.4%)

No information Provided 5 (2.0%)
Marital Status

Married Together 129 (51.6%)
Married Apart 2 (.8%)
Widowed 7 (2.8%)
Divorced 41 (16.4%)
Separate 6 (2.4%)
Never married 59 (23.6%)

No information Provided 6 (2.4%)
Household Income

$0- 14,999 29 (11.6%)
$15,000- 24,999 19 (7.6%)
$25,000- 34,999 22 (8.8%)
$35,000- 50,000 22 (8.8%)

> $50,000 148 (59.2%)
No information 10 (4.0%)

Provided
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The Effects of Intervention on the Prevalence ofXBlpecific Symptoms

As a preliminary step, a MANOVA was conducted wittervention as the between
subjects IV and Time as the within subjects IV &l and SF-36 MHC as the DVs in order to
determine whether the required relationship betwetvention and emotional distress for
mediational analyses was present in our samplel@iele 6). We did not observe differences
between our Intervention groups for emotional disst F(2, 141) = .27, p> .05, = .004, nor
did we find an Intervention by Time interaction2F{41) = 1.05, p> .0%7 = .02. Although
emotional distress was reduced over Time, F(2, £419.18, p< .05y = .21 (see Table 8).
Specifically, symptoms of depression decreasedeamational well-being improved over time.
Because we did not observe the required relatiprisétiween Intervention and emotional
distress, mediational analyses were not conductethé following analyses including TMD
specific symptoms for each of the three Axis | gr@of disorders, or for the TMD non-specific
symptoms of CSS, or pain or pain related disability

Table 6. Main Effect of Time as a Function of Intmtion Group Displayed at T1 and T2

The Effects of Intervention Across Time

(n = 144)
Self Care (SC) Biobehavioral (BB)
(n=71) (n=73)
DVs T1 T2 T1 T2
M (SE) M (SE) M (SE) M (SE)
BDI* .40 (.04) .31 (.04) 40 (.04) .25 (.04)
MH* 72.04 (2.13) 78.07(1.94) 72.62(2.10) 78.10(1.91)

Note. The table above displays a main effect oétas a function of Intervention group.
Although we did not observe an interaction betwie¢ervention and Time, we observed that
symptoms of depression as indicated by BDI wereifsogatly reduced from T1 to T2.
Similarly, we found that overall emotional well-bgias indicated by the SF-36 MH was
significantly imporved from T1 to T2.
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Axis | RDC/TMD Group | Muscle Disorders

In order to investigate the effects of InterventwnTMD specific symptoms, we
investigated the influence of the two interventionsTMD-specific measures of an Axis | Group
| Muscle Disorder, including the 20 different muessites used to assess Axis | Disorders, a
MANOVA was conducted with Intervention as the betwasubjects IV, Time as the within
subjects 1V, and the 20 muscles sites as the D¥®xpected, we observed a large multivariate
effect for Time, F(20, 126) = 3.20, p < .0f,= .34. However, we did not observe differences
between our Intervention groups, F(20, 126) = 1p31,05,1> = .14, nor an Intervention by
Time interaction, F(2, 126) = .99, p> .08,= .14. Univariate analysis revealed that painnupo
palpation was significantly reduced from T1 to Bpecifically, Time reduced pain upon
palpation in the Left mid temple F(1, 145) = 6.p2,.05,n% = .04, right mid temple, F(1, 145) =
4.04, p< .05y = .03, left front temple, F(1, 145) = 10.41, p5, & = .07, right side of face,
F(1, 145) = 4.36, p< .05 = .03, left side of face, F(1, 145) = 11.20, p§, ff = .07, right jaw
line, F(1, 145) = 6.34, p< .05% = .04, left jaw line, F(1, 145) = 16.85, p< .05 = .10, right
throat, F(1, 145) = 22.12, p< .0%, = .13, left throat, F(1, 145) = 6.65, p< .03~ .04, right
under chin, F(1, 145) = 15.76, p< .68,= .10, left under chin, F(1, 145) = 13.29, p< 55>
.08, right tendon, F(1, 145) = 5.40, p< .5= .04, and left tendon, F(1, 145) = 15.43, p< 1{}5,

=.10 (see Table 7).
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Table 7.0 Main Effect of Time on Symptoms of an 4kRDC/TMD Group | Disorder

The Effects of Intervention Across Time

(n=147)
Self Care (SC) Biobehavioral (BB)
(n=71) (n=76)
DVs T1 T2 T1 T2
M (SE) M (SE) M (SE) M (SE)

Back temple: Temporal (posterior) Right .14 (.05) .09 (.04) .18 (.05) .12 (.04)
Back temple: Temporal (posterior) Left .17 (.06) .17 (.05) .25 (.06) .12 (.05)
Mid temple: Temporalis (middle) Right .25 (.07) .20 (.06) .28 (.06) .28 (.06)
Mid temple: Temporalis (middle) Left * .31 (.07) .16 (.05) .29 (.07) .21 (.05)
Mid temple: Temporalis (middle) Right* .39 (.09) .32 (.08) .47 (.09) .32 (.08)
Mid temple: Temporalis (middle) Left* .56 (.09) .38 (.08) .49 (.09) .28 (.07)
Under cheek: Masseter (origin) Right .51 (.09) .38 (.08) .49 (.09) .38 (.08)
Under cheek: Masseter (origin) Left .49 (.10) .42 (.08) .51 (.09) .36 (.08)
Side of face: Masseter (body) Right* .52 (.10) .58 (.09) .93 (.10) .54 (.09)
Side of face: Masseter (body) Left* .78 (.11) .58 (.09) .88 (.11) .41 (.08)
Jaw line: Masseter (insertion) Right* .44 (.10) .41 (.08) .75 (.09) .28 (.07)
Jaw line: Masseter (insertion) Left* .54 (.09) .31 (.07) .66 (.09) .36 (.08)
Throat: Posterior Mandibular region Right* .59 (.12) .32 (.08) .93 (.11) .36 (.08)
Throat: Posterior Mandibular region Left* .61 (.11) .51 (.09) .70 (.11) .11 (.04)
Under chin: Submandibular Region Right* .32 (.08) .10 (.04) .34 (.08) .17 (.05)
Under chin: Submandibular Region Left* .32 (.08) .17 (.05) .40 (.08) .13 (.05)
Outside joint: Lateral Pole Right .45 (.10) 47 (.10) .55 (.09) .54 (.09)
Outside joint: Lateral Pole Left .54 (.10) .65 (.23) .59 (.09) .34 (.22)
Tendon: Temporalis Tendon Right* .51 (.11) 41 (.10) .83 (.11) .57 (.09)
Tendon: Temporalis Tendon Left* 73 (.12) .42 (.09) .76 (.12) .41 (.08)

Note. The table above displays a main effect for symptoms of an Axis | RDC/TMD Group | disorder as a
function of Intervention Group. Although, we did not observe the predicted interaction for Intervention
and Time, pain upon palpation in the left mid temple, right front temple, left front temple, right side of
face, left side of face, right jaw line, left jaw line, right throat, left throat, right under the chin, left under
the chin, and right and left tendons was significantly reduced from T1 to T2.
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Although, we did not conduct mediational analysesva had planned to do because of
discovering that there was no relationship betwatrvention and emotional distress, we
conducted bivariate correlations for the 20 musitks used to diagnose Axis | Group | Muscle
Disorders and emotional distress at T1 and T2.x¢eeted, there was a moderate relationship
between TMD specific symptoms of Axis | Group | MiesDisorder and BDI and SF-36 MH at
T1 and T2. For a display of these analyses, pledseto Table 8.

Table 8. Pearson Correlation Coefficients for

Muscle Sites (right) and Emotional Distress Ovendi

BDI BDI MH MH

(T1) (T2) (T1) (T2)
Back temple: Temporal (posterior) — r=.14 r=.13 r=-.04 r=.01
Right _ _ _ _
(T1) p=.14 p=.15 p=.65 p=.91

Back temple: Temporal (posterior)— r=.20* r=.36* r=-.12 r=-.20

(Ffr'g)ht p=.03 p=.00 p=.22 p=.04
Mid temple: Temporalis (middle) — r=.11 r=.07 r=.02 r=-.11
(Ffr'%“ p=25 p=.44 p=.86 p=.26
Mid temple: Temporalis (middle) — r=.22* r=.23* =-.12 =-.09
?r'g)ht p=.02 p=.01 p=.20 p=.32
Under cheek: Masseter (origin) — Righ r = .22* r=.16 =-.09 =-.08
(T1) p=.02 p=.09 p=.33 p=.42
Under cheek: Masseter (origin) — Righ r =.22* r=.34* r=-.22* r=-.16
(T2) p=.02 p=.00 p=.02 p=.08
Side of face: Masseter (body) — Right r =.29* r=.14 =-.23* r=-.19*
(T1) p=.00 p=.15 p=.01 p=.04
Side of face: Masseter (body) — Right r=.17 r=.22* r=-.08 r=-.14
(T2) p=.07 p=.02 p=.39 p=.13
Jaw line: Masseter (insertion) — r=.28 r=.18 r=-.17 r=-.20*
Right(T1) p=.00 p=.06 p=.07 p=.03
Jaw line: Masseter (insertion) — r=.22* r=.34* =-.21* r=-.24*%
Right(T2) p=.02 p=.00 p=.02 p=.01
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Table 8. — continued

Throat: Posterior Mandibular Region - r = .22* r=.10 r=-.06 r=.00
Right (T1) p=.02 p=.29 p=.52 p=.99
Throat: Posterior Mandibular Region - r =.23* r = .36* =-.20* r=-.24%
Right (T2) p=.01 p=.00 p=.03 p=.01
Under chin: Submandibular Region- r=.32* r=.24 r=-.18 r=-.19
Right(T1) p=.01 p=.24 p=.11 p=.34
Under chin: Submandibular Region- r=.23* r=.28* r=-.22* r=-.13
Right(T2) p=.02 p=.00 p=.02 p=.18
Outside joint: Lateral Pole — Right r=.24* r=.10 r=-.15 r=-.09
(T1) p=.01 p=.27 p=.11 p=.35
Outside joint: Lateral Pole — Right r=.19* r=.23* r=-.06 r=-.12
(T2) p=.05 p=.01 p=.50 p=.21
Tendon: Temporalis Tendon — Right r=.20* r=.17 =-.08 r=-.21*
(T1) p=.03 p=.06 p=.39 p=.02
Tendon: Temporalis Tendon — Right r=0.11 r=.18* r=-.11 r=-.29*
(T2) p=.23 p=.05 p=.22 p=.00
Back temple: Temporal (posterior)— r=.1 r=.07 r=-.03 r=.06
Left(T1) p=.20 p=.44 p=.74 p=.54
Back temple: Temporal (posterior)— r=.18* r=.31* r=-.14 r=-.
Left(T2) p=.05 p =.00 p=.14 p=.30
Mid temple: Temporalis (middle) — r=.07 r=.07 r=-.01 r=.01
Left(T1) p = .46 p=.49 p=.91 p=.93
Mid temple: Temporalis (middle) — r=.26* r=.39* r=-.14 r=-.17
Left(T2) p =.00 p =.00 p=.13 p =.07
Under cheek: Masseter (origin) — Lef r=.23* r=.23* r=-.17 r=-.16
(T1) p=.01 p=.02 p =.06 p=.09
Under cheek: Masseter (origin) — Lef r=.25* r=.34* =-.28* =-.16
(T2) p=.01 p =.00 p =.00 p=.09
Side of face: Masseter (body) — Left r=.16 r=.12 r=-.15 r=-.08
(T1) p=.09 p=.18 p=.11 p=.40
Side of face: Masseter (body) — Left r=.20* r=.29* =-.16 =-.18
(T2) p=.03 p =.00 p=.09 p =.06
Jaw line: Masseter (insertion) — Left r=.22* r=.12 r=-. r=-.12
(T1) p=.02 p=.22 p=.29 p=.22
Jaw line: Masseter (insertion) — Left r=.16 r=.28 r=-.18 r=-.11
(T2) p=.10 p =.00 p=.05 p=.23
Throat: Posterior Mandibular Region r=.30* r=.23* r=-.17 r=-.12
Left (T1) p =.00 p=.01 p =.07 p=.19
Throat: Posterior Mandibular Region r=.24* r=.37* r=-.19* r=-.22*
Left (T2) p=.01 p =.00 p=.04 p=.02
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Table 8. - continued

Under chin: Submandibular r=.32* r=.24* r=-.18* r=-.19*
Region- Left (T1) p =.00 p=.01 p=.05 P=.04
Under chin: Submandibular r=.27* r=.33* =-.28* =-.19*
Region- Left (T2) p=.00 p=.00 p=.00 p=.04
Outside joint: Lateral Pole — r=.19* r=.19* r=-.09 r=.01
Left (T1) p =.04 p=.04 p=.34 p=.96
Outside joint: Lateral Pole — r=.17 r=.19* r=-.11 r=-.13
Left (T2) p=.07 p=.04 p=.22 p=.16
Tendon: Temporalis Tendon—-  r=.17 r=.10 r=-.09 r=-.10
Left (T1) p=.07 p=.31 p=.33 p=.30

Note. The above table displays the correlationsyonptoms of Axis | RDC/TMD Group
| disorder and the covariates BDI and MH at T1 @aAdThe correlation coefficients are

provided at both time points with the p values jted below each r value.

Axis | RDC/TMD Group Il Disc Displacement

As a continued effort to observe the influenceheftwo interventions on TMD-specific

measures of Axis | Group Il Disc Displacements|udong TMD specific target variables used

to diagnose Disc Displacements, a MANOVA was coteltigvith Intervention as the between

subjects IV, Time as the within subjects IV, aned TMD specific target variables for Axis |

Group Il Disorders as the DVs. We did not observéngervention by Time interaction, F(12,

127) = .93, p> .05;° = .08. There was a marginal effect for IntervemtiF(12, 127) = 1.76, p=

.06,1% = .14 (see Table 9). The Univariate analysis rieekthat those in the BB group had a

greater maximum unassisted opening of the jaw, F88)= 7.05, p< .05* = .05, unassisted

opening of the jaw, F(1, 138)= 9.23, p< .§5= .06, and maximum assisted opening of the jaw,

F(1, 138)= 6.94, p< .05 = .05. Additionally, the analyses revealed a mmabgffect for Time,

F(12, 127) = 1.78, p= .058° = .14. Thus, the following results, should beiipteted with

caution. The univariate analyses revealed thatsistasl opening of the jaw, F(1, 138) = 3.33, p<
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.05,n% = .02, muscle pain in the jaw, F(1, 138) = 7.40,@56,n”> = .05, and click in the left jaw,

F(1, 138) = 4.04, p< .0%? = .03 was significantly reduced from T1 to T2.

Table 9. Means and Standard Errors for Symptonas @fxis | RDC/TMD Group Il Disorder

The Effects of Intervention Across Time

(n =140)
Self Care (SC) Biobehavioral (BB)
(n =69) (n=71)

DVs T1 T2 T1 T2

M (SE) M (SE) M (SE) M (SE)
Maximum unassisted opening 40.80 (.93) 41.33 (1.044.42 (\91) 44.11 (1.03)
Unassisted opening 3251 (1.16) 34.04(1.10) 3@65) 38.14(1.08)
Muscle pain 1.44 (.17) 1.13(.15) 1.65 (.17) 1.24y.
Maximum assisted opening 44.07 (.89) 44.00 (1.02) 47.55(.88) 46.76(1.01)
Open of the right joint .23 (.09) .39 (.10) .39 (.08) 41 (.10)
Measure click on the right 3.36 (1.25) 3.97(1.20) 4.10(1.23) 3.96(1.19)
Measure click on the left 5.50 (1.17) 4.20 (1.27) .851(1.14) 4.90 (1.25)
Sound on the right 8.49 (.26) 8.26 (.31) 8.41 (.25)8.03 (.31)
Excursion 10.74 (.59) 10.29 (.43) 11.09 (.59) 1Q.43)
Protrusion 7.03 (.34) 6.67 (.30) 7.06 (.34) 7.55(.30)
Sound on the left .29 (.07) .28 (.09) .13 (.07) .25 (.09)
Joint sounds .17 (.06) .26 (.08) .13 (.06) .18 (.08)

Note. The table above displays the marginal meadstandard errors for symptoms of an Axis
| RDC/TMD Group Il disorder as a function of Intention Group across T1 and T2. We did not
observe any significant results for this analysisontrast to our expectations for an interaction
between Intervention Group and Time.

Although, we did not conduct mediational analysék wmotional distress as the

mediator for this group of symptoms for reasonsaadly specified, we conducted bivariate

correlations for the Axis | Group Il diagnostictsigand the target variables used to diagnose
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Axis | Group Il Disc Displacements and emotionaitdiss at T1 and T2. There was no
relationship between many of the Axis | Group Iirggtoms and BDI and SF-36 MHC at T1 or
T2. For a display of these analyses, please sele Tab

Table 10. Pearson Correlation Coefficients for MeiSites and Emotional Distress Over Time

BDI BDI MH MH

(T1) (T2) (T1) (T2)
Maximum unassisted opening (T: r=.07 r=.05 =-.12 =-.09
p=.54 p=.63 =.27 p=.41
Maximum unassisted opening (T: r=-07 r=-.03 r=.05 r=-02
p=.54 p=.76 p=.68 p=.88
Unassisted opening (T1) r=-15 r=-10 r=.13 r=.02
p:16 p—38 p=.24 p—86
Unassisted opening (T2) =-.17 =-12 r=.12 =-.02
A1 p=.25 p=.26 p=.85

Muscle pain (T1) =.12 r=.14 r=-22* r=-26*
=.28 p=.21 p=.04 p=.02
=.17 r=.25* r=-31* r=-.15
=.11 p=.02 p=.00 p=.15
=.16 r=.16 r=-.21% r=-17
=.13 p=.15 p=.05 p=.12

Maximum assisted opening (T2) r=.05 r=.04 r=-06 r=-05
p =.66 p—69 p=.61 p=.62

r
Y
Muscle pain (T2) r
Y
;

Maximum assisted opening (T1)

Open of the right joint (T1) =-.04 =-.02 r=.11 r=.13
p=.75 p=.84 p=.31 p=.24
Open of the right joint (T2) r=-13 r=-10 r=.32* r=.11
p=.23 p=.37 p=.00 p=.30
Click on the right (T1) r=.12 r=10 r=-01 r=.04
p=.29 p=.35 =.90 p— .70
Click on the right (T2) r=.08 r=.04 r=.05 =-.05
p=.47 p=.73 p = .66 p=.65
Click on the left (T1) r=-.03 r=.03 r=.09 r=-01
p=.79 p=.78 p=.39 p=.91
Click on the left (T2) r=.00 r=.00 r=.13 r=-.06
p=.98 p=.99 p=.22 p=.59
Sound on the right (T1) r=.09 r=.04 r=-.09 r=.03
p=.42 p=.72 p=.44 p=.79
Sound on the right (T1) r=.08 r=.00 r=-13 r=.01
p=.44 p=.99 p=.23 p=.93




Table 10. —continued

Excursion (T1) r=.14 r=.16 r=-16 r=-.09
p=.18 p=.14 p=.15 p=.41
Excursion (T2) r=.15 r=.15 r=-13 r=-24

p=.17 p=.18 p=.25 p=.02
Protrusion (T1) r=.03 r=.00 r=-03 r=-05
p=.80 1.00 p=.80 p=.67

Protrusion (T2) r=.04 r=.06 r=-01 r=-10
p=.72 p=.56 p=.92 p=.37
Sound on the left (T1) =-.05 =-.03 r=.14 r=.16
p=.65 p=.77 p=.21 p=.15
Sound on the left (T2) r=-06 r=-.03 r=.07 r=.03
p=.59 p=.80 p=.55 p=.78
Joint sounds (T1) r=-18 r=-14 r=.27* r=.26*
p=.09 p=.19 p=.01 p=.02
Joint sounds (T2) r=.21* r=.17 =-.06 =-13

p=.05 p=.11 p=.59 p=.23
Note. The above table displays the correlationsyonptoms of Axis | RDC/TMD Group Il
disorder and the covariates BDI and MH at T1 andTF& correlation coefficients are provided
at both time points with the p values provided le&ach r value.
Axis | RDC/TMD Group Il Bone Deficiency

As a continued effort to observe the influencéheftwo interventions on TMD-specific
measures of an Axis | Group Il Bone Deficiencyluding TMD specific target variables used
to diagnose these disorders, we conducted a MAN@M# conducted with Intervention as the
between subjects IV, Time as the within subjectsdivd the TMD specific target variables for
Axis | Group Il Disorders as the DVs. Analysesealed a large multivariate effect for Time,
F(12, 94) = 2.58, p< .05 = .25. However, we did not observe differencesvbeh our
Intervention groups, F(12, 94) = .76, p> .§5= .09, nor an Intervention by Time interaction,
F(12, 94) = .49, p> .05 = .06. The univariate analyses revealed thatratwéthe TMD
specific target variables for these disorders vedfiectively reduced from T1 to T2. Specifically,

the prevalence of arthritis in left jaw was sigediintly reduced from T1 to T2, F(1, 105) =10.11,
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p< .05 = .09, as well as pain upon palpation in thejtfit area F(1, 105) = 10.11, p< .05,

n® = .12, and ongoing pain in the left jaw joint, F{D5) = 12.94, p< .05 = .11 (see Table 11).

Table 11. Main Effect of Time on Symptoms of an AkRDC/TMD Group Il Disorder

The Effects of Intervention Across Time

(n=107)
Self Care (SC) Biobehavioral (BB)
(n=51) (n = 56)

DVs T1 T2 T1 T2

M (SE) M (SE) M (SE) M (SE)
Right Arthralgia* .37 (.07) .22 (.06) .38 (.07) .165)
Right Osteoarthritis .04 (.02) .16 (.05) .02 (.02) .06 (.01)
Right Osteoarthrosis .02 (.03) .02 (.02) .07 (.03) .04 (.02)
Right Joint Pain On Palpation* 49 (.07) .31 (.06) .54 (.07) .27 (.06)
Ongoing Pain in Right Joint* .69 (.07) A7 (.07) .55 (.07) .34 (.07)
Pain in Right Joint on Opening .51 (.07) A7 (.07) 41 (.07) .34 (.07)
Left Arthralgia .28 (.07) .26 (.07) .32 (.06) .36 (.06)
Left Osteoarthritis .00 (.01) .02 (.02) .02 (.01) .04 (.02)
Left Osteoarthrosis .02 (.02) .00 (.02) .02 (.02) .04 (.02)
Left Joint Pain On Palpation .33 (.07) .33 (.07) 45 (.07) 43 (.07)
Ongoing Pain in Left Joint .51 (.07) 45 (.07) .52 (.07) 46 (.07)
Pain in Left Joint on Opening 41 (.07) A7 (.07) 45 (.07) 43 (.07)

Note. The table above displays the marginal meadstandard errors for symptoms of an Axis
| RDC/TMD Group lll disorder as a function of Intention group across T1 and T2. Although
we did not confirm our expectations for an intei@cbetween Intervention Group and Time, we
found a main effect for Time. The analyses reve#iiati symptoms including right arthralgia,
right joint pain on palpation, and ongoing pairthe right joint were significantly reduced from
T1lto T2.

Although, we did not conduct mediational analysesva had planned for reasons already

mentioned, we conducted bivariate correlationgHertarget variables used to diagnose Axis |
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Group Il Bone Deficiencies at T1 and T2. As expeéctthere was a moderate relationship
between several TMD specific symptoms of Axis | Grdll Bone Deficiencies and BDI and
SF-36 MHC at T1 and T2. For a display of these ym®a, please refer to Table 12.

Table 12. Pearson Correlation Coefficients for

Axis | Group Ill Symptoms and Emotional Distress

BDI BDI MH MH
(T1) (T2) (T1) (T2)
Right Arthralgia r=.28*% r=.12 =-10 =-12
(T1) p=.01 p=.23 p=.34 p=.26
Right Arthralgia r=.15 r=.20* r=-.09 r=-.14
(T2) p=.14 p=.05 p=.41 p=.17
Right Osteoarthritis r=.04 r=.01 r=-.14 r=-.04
(T1) p=.68 p=.92 p=.16 p=.74
Right Osteoarthritis r=-.04 r=.07 r=.11 r=-.03
(T2) p=.73 p=.50 p=.30 p=.77
Right Osteoarthrosis r=-.11 r=-.13 r=.14 r=.14
(T1) p=.27 p=.20 p=.18 p=.17
Right Osteoarthrosis r=-.07 r=-.10 r=.08 r=.10
(T2) p=.53 p=.33 p = .46 p=.32
Right Joint Pain On r=.29* r=.19 r=-.20* r=-.18
Palpation(T1) p =.00 p=.06 p=.05 p=.08
Right Joint Pain On r=.19 r=.27* r=-.05 r=-.18
Palpation (T2) p=.07 p=.01 p=.60 p=.08
Ongoing Pain in Right r=.13 r=.03 r=.00 =-.08
Joint (T1) p=.21 p=.81 1.00 p=.43
Ongoing Pain in Right r=.07 r=.05 r=.10 =-.09
Joint (T2) p=.50 p=.61 p=.36 p=.38
Pain in Right Joint on r=.10 r=.00 r=.02 =-.10
Opening (T1) p=.34 p=.99 p=.84 p=.31
Pain in Right Joint on r=.14 r=.16 =-.05 =-.13
Opening (T2) p=.16 p=.11 p=.62 p=.19

63



Table 12. Continued

BDI BDI MH MH
(T1) (T2) (T1) (T2)
Left Arthralgia r=.14 r=.18 -r=.07 r=-.08
(T1) p=.18 p=.08 p=.50 p=.45
Left Arthralgia r=.22* r=.29* r=-25* r=-27*
(T2) p=.03 p =.00 p=.01 p=.01
Left Osteoarthritis r=.06 r=-.02 r=.09 r=.08
(T1) p=.57 p=.87 p=.37 p=.44
Left Osteoarthritis r=-.08 r=-.09 r=.05 r=.13
(T2) p=.44 p=.37 p=61 p=.22
Left Osteoarthrosis r=-.18 r=-.14 r=.24 r=.17
(T1) p=.09 p=.18 p=.02 p=.09
Left Osteoarthrosis r=.19 r=.02 r=-.01 r=.05
(T2) p=.07 p=.86 p=.93 p=.64
Left Joint Pain On r=.22*% r=.28* r=-13 r=-13
Palpation (T1) p=.03 p=.01 p=.21 p=.21
Left Joint Pain On r=.27* r=.32*% r=-25 r=-27*
Palpation (T2) p=.01 p =.00 p=.01 p=.01
Ongoing Pain in Left Joint =-.05 =-14 r=.14 r=.03
(T1) p=.65 p=.16 p=.17 p=.80
Ongoing Pain in Left Joint =-.01 r=.08 r=.01 =-12
(T2) p=.92 p=.44 p=.92 p=.26
Pain in Left Joint on =-.02 =-.03 r=.13 r=.00
Opening (T1) p=.85 p=.75 p=.22 p=.97
Pain in Left Joint on r=.01 r=.02 r=.03 =-.08
Opening (T2) p=.93 p=.83 p=.78 p=.42

Note. The above table displays the correlationsyonptoms of Axis | RDC/TMD Group llI
disorder and the covariates BDI and MH at T1 andTF& correlation coefficients are provided
at both time points with the p values provided leé&ach r value.

TMD Non-Specific Symptoms: Comorbid Symptoms of CSS

Having determined change in diagnostic status avi Specific symptoms among the
three groups of Axis | disorders, we conducted aNNDAVVA with Intervention as the between

subjects IV, Time as the within subjects IV, and D Mon-specific symptoms of CSS as the

DVs. We did not observe differences between owrimntion groups, F(10, 126) = 1.08, p> .05,
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n®= .08, nor an Intervention by Time interactio.®; 132) = 1.48, p> .05 = .10. Although
there was an effect for Time, F(10, 132) = 2.11,@5n° = .14. As displayed in Table 13, total
physical symptoms, F(1, 141) = 4.15, p< 55 .03, and symptoms specific to CFS, F(1, 141)
= 5.60, p< .05n> = .04, were significantly reduced from T1 to T2r & display of these
analyses, please refer again to Table 3.

Table 13. Main Effect of Time on Symptoms of CS&&aunction of Intervention Group

The Effects of Intervention Across Time

(n =143)
Self Care (SC) Biobehavioral (BB)
(n = 68) (n=75)
DVs Tl T2 Tl T2
M (SE) M (SE) M (SE) M (SE)
Total Physical Symptoms* .23 (.02) .23 (.02) 19 (.02) .15 (.02)
CFS* .38 (.03) .36 (.03) .33 (.03) .28 (.03)
FM .35 (.03) .36 (.03) .32 (.03) .26 (.03)
IBS .21 (.04) .22 (.03) .18 (.04) .14 (.03)
Low Back Pain .09 (.03) .15 (.03) .07 (.02) .06 (.03)
Irritable Bladder 11 (.02) 11 (.02) .09 (.02) .07 (.02)
Chemical Sensitivities .05 (.01) .04 (.01) .04 (.01) .02 (.01)
Post-concussive Syndrome 12 (.03) .18 (.04) .10 (.03) .08 (.03)
Female pelvic pain 19 (.02) .18 (.02) 15 (.02) .14 (.02)
Male Pelvic Pain .01 (.01) .00 (.00) .01 (.01) .01 (.00)

Note. The table above displays marginal means eamalards errors for symptoms of CSS as a
function of Intervention Group at both T1 and T2th&ugh there was no effect for an
interaction between Intervention and Time like veel Ipredicted, we observed a main effect for
Time. The analyses revealed that total physicalpggms and symptoms of CFS were
significantly reduced from T1 to T2.
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The Effects of Intervention on Pain and Pain-relddésability

Having determined change in diagnostic status avi Specific and TMD non- specific
symptoms, we conducted a MANOVA with Interventianthe between subjects IV, Time as the
within subjects IV, and pain and pain related digglas the DVs. We did not observe
differences between our Intervention groups, F48) & .54, p> .053* = .01, nor an
Intervention by Time interaction, F(2, 148) = 2.4%,.05,1> = .03. However, there was an
effect for Time, F(2, 148) = 66.59, p< .GB,= .47. As displayed in Table 14, univariate anesys
revealed that pain, as indicated by CPI, F(1, ¥4927.22, p< .05)° = .46, and pain related
disability, as indicated by GCP, F(1, 149) = 49453,0517° = .25, were significantly reduced
from T1 to T2. Mediational analyses were not conelddor pain and pain-related disability
because there was no relationship between Inteéoreabhd emotional distress, which is a
requisite relationship prior to mediational ana/se

Table 14. Main Effect of Time for Pain and

Pain-related Disability as a Function of InterventiGroup

The Effects of Intervention Across Time

(n=151)
Self Care (SC) Biobehavioral (BB)
(n=74) (n=77)
DVs T1 T2 T1 T2
M (SE) M (SE) M (SE) M (SE)
Pain* 64.23 (1.59) 49.37 (2.06) 64.11 (1.56) 46.02 (2.02)

Pain-Related Disability* 28.11 (2.72) 19.51 (2.29)  33.03 (2.67)  16.49 (2.25)

Note. The table above displays the marginal meadstandard errors for pain and pain-related
disability as a function of Intervention Group &t and T2. Although we did not observe the
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predicted interaction, we observed a main effecTfme. Both pain and Pain-related disability
were significantly reduced from T1 to T2.

Although, we did not conduct mediational analyses conducted bivariate correlations
for pain and pain related disability. As expectbeye was a moderate relationship between pain
and BDI (r=.11: p> .05) and SF-36 MHC (r =-.13: 08) at Time 1. Moreover, we found
similar results for pain and BDI (r=.20: p< .05)daSF-36 MHC (r =-.19: p< .05) at Time 2. As
expected, there was a moderate relationship betpaierrelated disability and BDI (r=.28: p<
.05) and SF-36 MHC (r =-.30: p< .05) at Time 1. Borer, we found similar results for pain-

related disability and BDI (r=.29: p< .05) and 3&MHC (r =-.25: p< .05) at Time 2.
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CHAPTER 5
DISCUSSION
The specific aims of the current research wereljoidentify comorbid, non-specific
symptoms of CSS, across three groups of Axis | RIMI) disorders (i.e., Group | Muscle
Disorders, Group Il Disc Displacements, Group llbr® Deficiencies), 2) investigate the
influence of two interventions (i.e., SC and BB) ®MD specific and TMD non-specific
symptoms and pain and pain-related disability, &pdexamine the influence of emotional
distress on the prevalence of symptoms (TMD [ngpg¢ific) across two time points (i.e., T1
and T2). These aims were derived from a conflu@icesearch demonstrating the clinical- and
cost- effectiveness of biobehavioral interventidos musculoskeletal disorders (Gatchel &
Okifuji, 2006), evidence demonstrating the interlggence of biopsychosocial factors (Dougall
et al., 2012; Dworkin, 2011), and recent focustmntigh degree of overlap of non-specific pain-
inclusive symptoms among disorders, such as TMD5,Giad FM, thought to be explained in
part by multiple systems dysregulation and amgifi@in-autonomic processing (Aaron, Burke,
& Butchwald, 2000; Chapman, Tuckett, & Song, 2008tduy, Dougall, Haggard, & Gatchel,
2012; Yunus, 2008).
In Study 1, we confirmed our hypothesis that cdmtbiTMD non-specific symptoms of
CSS would be more prevalent among those with ans AxiGroup | Muscle Disorder.
Specifically, we found that those with an Axis ld@p | Muscle Disorder and those with more

than one Axis | diagnosis, a group constituted prim with those that had both a Muscle
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Disorder and an Axis | Group 1ll Bone Deficiencyachmore symptoms of CSS as indicated by
the Symptom Checklist. This finding supports litara suggesting that the overlap between
TMD and other disorders of CSS is more pronouncedrgy those with myofacial TMD (Aaron,
Burke, & Butchwald, 2000; Lorduy, Dougall, Hagga&,Gatchel, 2012). Where there is no
existing literature directly explaining the shar@athology among myofacial TMD and
symptoms of CSS, there is a segmented but developody of research explaining the
pathophysiological mechanisms involved which migbmtribute to CS (Celik & Mutlu, 2011;
Chapman, Tuckett, & Song, 2008; Lyon, Cohen, & @rin2011). For instance, it has been
suggested that these disorders are unified byedltemction along the pain pathway, which can
be explained by psychosocial features, genetic igpeditions, and altered neurobiological
function (Becker & Schweinhardt, 2011; Smith et a011; Younger et al., 2010). The stronger
relationship between myofacial pain and symptomds=BF could arguably be the result of
activated trigger points caused by dysregulatiorN&f, 5-HT, and several pro-inflammatory
cytokines as a product of chronic stress respondB8ttah & Gilliam, 2008), or otherwise
exacerbated by chronic stress responding with ctimgeesearch to support that both are
plausible (Celik & Mutlu, 2011; Becker & Schweindgr2011; Lyon, Cohen, & Quinter, 2011).
Activation of trigger points has demonstrated tmdpron tonic contraction of motor fibers and
subsequent neurobiological changes in the dorgal &wed brain substrates responsible for pain
processing (McLean, Clauw, Abelson, & Liberzon, 208hah & Gilliam, 2008). Moreover,
these featured alterations along the pain pathwae hdemonstrated to be resultant from
increases in stress, pain, and inflammatory factaxssed by multiple systems dysregulation,
which can exhaust the body’s built-in regulatoryetses over time and operate in a “vicious
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cycle” to bring about further tissue damage (GdicB604; Gatchel, Howard, & Haggard,
2010). For example, increases in CGRP corresporaddas in the dorsal horn responsible for
deep orofacial pain and initiate powerful proinflaatory factors involved in the development of
bone deficiencies (Cady, Glenn, Smith, & Durhaml20Guo et al., 2007). Both Axis | Muscle
disorders and arthralgias have been correlated indtises of CS (Aaron, Burke, & Butchwald,
2000; Lorduy et al., 2012; Sullivan & D’Eon, 199%xillivan et al., 1991). Moreover, there is an
extensive line of research demonstrating the recgirrelationship between pain and stress and
the contribution of altered pain-autonomic procegghat leads to CS (Becker & Schweinhardt,
2011; Chapman, Tuckett, & Song, 2008; Lyon, ColgeRQuinter, 2011). The synthesis of these
areas of research offer a tentative explanatiom@mrobservation of myofacial TMD to be more
strongly related to comorbid TMD non-specific syops of CSS (Lorduy et al., 2012).

In order to examine the relationship between TMRd @omorbid TMD-nonspecific
symptoms of CSS with more precision we refined camparison of TMD groups in order to
examine these relationships and the influence aftemal distress. Therefore, we compared the
influence of emotional distress on symptoms of @8#ng those with no diagnosis, those with
only an Axis | Muscle Disorder, and those with batih Axis | Muscle Disorder and those with
an Axis | Bone Deficiency. In line with the expldioa provided in the previous paragraph, the
results for this analysis favor the suggestion thathigher prevalence of comorbid symptoms of
CSS coincides with progressive degeneration of tawsad bone tissue in the myofacial region.
Specifically, we found the prevalence of comorbythptoms of CSS was higher among those
with both a Muscle Disorder and Bone Deficiencyviding further support for the position that
myofacial TMD possibly involves progressive dysragion among multiple systems as
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symptoms of depression increased in a similar tashs described in the previous analysis of
comorbid symptoms. Likewise, overall mental heaétlined from the no diagnosis group, to
the Axis | Muscle Disorder group, and finally toettAxis | Muscle Disorder and Axis | Bone
Deficiency combined group confirming our expectasio Furthermore, we confirmed our
expectations that emotional distress would be pesjt correlated with TMD non-specific and
TMD specific symptoms. Specifically, BDI (r = .5@« .05) and SF-36 MHC (r = -.49; p< .05)
were strongly correlated with TMD non-specific syiomps of CSS with symptoms of depression
as indicated by the BDI as a stronger contributongared to overall mental health as indicated
by the SF-36 MHC. Among the psychosocial factorstnemphasized as being involved in pain
conditions and CS, depression has been the mosistemtly observed and extensively studied.
For instance, Blackburn-Munro and Blackburn-Murn20(1) have presented a model depicting
the intricacies of neurotransmitter and neuroendecisystems in the regulation of pain-
autonomic processing. They explain how imbalanecedNE and 5-HT, both of which are
implicated in depression, are relevant in the ratyoh of HPA axis function and transmission of
pain in response to physical and psychological svecker & Schweinhardt, 2011).

In Study 2, we investigated the influence of twaberventions (SC and BB) on TMD
specific symptoms over Time (T1 and T2). Specificalve expected that the TMD specific
symptoms would be ameliorated overtime to the gstatlegree by the BB intervention. We
found partial support for this prediction for syropis of an Axis | Group | Muscle Disorder.
Where we did not observe an interaction betweeertention and Time, we did find that pain
upon palpation at the majority of the 20 muscle<itised to determine diagnosis of a Muscle
Disorder was significantly reduced from T1 to T2, immediately following intervention.
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However, there were no differences between oumvatgion groups. There was a marginal
effect for unassisted opening of the jaw, reduciiomuscle pain, and click in the jaw, which are
target variables used for diagnosing Disc Displaa@sy from T1 to T2. Additionally, there was
a marginal effect for differences between Interi@ngroups with those in the BB Intervention
group reporting greater unassisted opening of javassisted opening of the jaw, and maximum
assisted opening of the jaw joint, and click in tei jaw. Although there were no differences
between the intervention groups as we had hopede tivas a reduction in arthritis in the left
jaw, pain upon palpation of the jaw bone, and onggiain in the jaw joint. Similarly, we found
that symptoms of CSS were reduced from T1 to T2ealkas pain and pain-related disability.
Additionally, we investigated the role of emotibmiistress on the prevalence of TMD
specific and TMD nonspecific symptoms. Where we evapt able to run the mediational
analyses due to there not being the required oelship between our between subjects 1V,
Intervention, and our CV, emotional distress, wd dbserve that emotional distress fully
mediated symptoms of CSS at T1. Moreover, we deébteunthat the 20 muscle sites used to
diagnose Axis | Group | Muscle Disorder, was stignglated to emotional distress. Similarly,
the target variables used to diagnose these disovdere strongly related to emotional distress.
However, many of the target variables for Axis loGp Il Disc Displacements were not
associated with emotional distress. Therefore,dieerders and symptomatology that has been
more strongly emphasized with emotional distresanastiological factor demonstrated the most
improvement at T2 when emotional distress was redlu@/ith regard to the lack of difference
between our intervention groups, it is possiblé ihahe short-term, the benefits of attention and
social support from clinicians in the SC interventare comparable to the stress reducing effects
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of the biobehavioral intervention. However, extéitérature demonstrates that the effects of
biobehavioral interventions generally do not shamparative improvements in the short-term
(i.e., immediate post-evaluation), but are, instedzberved at the long-term follow-up (Epker,
Gatchel, & Ellis, 1999; Gatchel et al., 2003). thex words, it is possible that the benefits to be
gained by the BB are delayed as they are deperatetite establishment of new coping and
thought patterns (Epker, Gatchel, & Ellis, 1999t¢hal, 2004; Gatchel, Polatin, & Mayer, 1995;
Edwards, Campbell, Jamison, & Wiech, 2009; Westetaal., 2011), which require additional
effort and energy initially, but gradually appreei@ver time to explain its comparable clinical-
and cost- effectiveness (Bernstein & Gatchel, 2@Bérdea, 1998; Gardea, Gatchel, & Mirsha,
2001; Gatchel & Okifuji, 2006; Phillips et al., 2D0

Prior to interpreting these results presented w2, it is important to note that the
current results were derived from non-traditionatéams of analysis different from what is
commonly used to investigate similar research aifins, it is appropriate to consider these
results, which were ascertained in a manner degdigmbe sensitive to minute differences among
specific measures of Axis | RDC/TMD disorders, maanservatively, such that they may
reflect clinical meaningfulness. In line with ouredictions, the current analyses detected subtle
changes in many of the key measures used to a&sisssRDC/TMD diagnoses. Unfortunately,
the current analyses are limited by the uneven kasipes between each of the time points and
consequent lack of power, and thus we were not #@blenvestigate our prediction for an
interaction between Intervention and Time fully.

In sum, both studies combined suggest that emdtdistiess influences the prevalence
of symptoms and the severity of pain and pain-eelatlisability. Moreover, symptoms of
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depression are a stronger predictor of these faxfetdVD, which falls in line with research
suggesting that prolonged stress responding andatoh of the autonomic nervous system
leads to depression and comorbid physical sympttmsugh augmented pain-autonomic
processing (Blackburn-Munro & Blackburn-Munro, 20®tuns & Disorbio, 2005; Caspi et al.,
2003; Dersh et al., 2006; Dersh, Gatchel, Polairiylayer, 2002; Lyon, Cohen, & Quinter,
2011). Where the current study was not intendedelmeate the direct and indirect effects of
depression on TMD symptomatology, there is evidetwesuggest that restoration of the
autonomic nervous system through early intervenoefficacious in decreasing TMD specific
symptoms, pain and pain-related disability, and teonal distress through adaptive coping
(Bernstein & Gatchel, 2000; Gardea, 1998; Gardedcltil, & Mirsha, 2001; Gatchel & Okifuiji,
2006; Phillips et al., 2001; Robinson, GarofaloG&tchel, 2006). The current analyses reveal
substantive changes among diagnostic criteria poochanges in actual diagnostic status.
Although we did not observe differences betweenlotarvention groups, we must consider the
point that the effects of the biobehavioral intermen are contingent upon replacing maladaptive
responding with adaptive responding to pain. Tleeefit seems logical that the influence of
stress reduction and restoration among interdepm¢ndeuroendocirne, neuroimmune, and
neurotransmitter systems by biobehavioral intereast which are known to modulate these
systems (Bernstein & Gatchel, 2000; Chapman, Tuic&eSong, 2008; Gardea, 1998; Gardea,
Gatchel, & Mirsha, 2001; Gatchel & Okifuji, 2006hiRips et al., 2001; Robinson, Garofalo, &
Gatchel, 2006), would be delayed initially and afeed at the long-term follow-up. In any case
our results suggest that the comorbid symptomsS$ @re highly related to myofacial TMD and
that this symptomatology is influenced by emotiomk$tress. For example, in Study 1,
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symptoms specific to some of the disorders withim €SS spectrum and symptoms specific to
myofacial TMD were fully mediated by emotional dests with BDI having a stronger influence
on these symptoms compared to SF-36 MHC, or overalital health. This falls in line with
research suggesting chronic stress responding ambeguent emotional distress (i.e.,
depression) are primary culprits of augmented paitenomic processing and CS. Moreover, the
current research contributes to the growing knogdedegarding how TMD and symptoms of
CSS are promoted by emotional distress, which @wknto share a reciprocal relationship with
multiple systems dysregulation and CS (Bruns & ibgn 2005; Dersh et al., 2006; Caspi et al.,

2003; Dersh, Gatchel, Polatin, & Mayer, 2002).
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