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Preface

Everyday activities, including eating and talking, are often difficult
for people with temporomandibular disorders (TMDs), and many of them
suffer severe chronic pain due to this condition. Common social activities
that most people take for granted, such as smiling, laughing, and kissing,
can become unbearable. This dysfunction and pain, and its associated suf-
fering, take a terrible toll on affected individuals, their families, and their
friends. Individuals with TMDs often feel stigmatized and invalidated in
their experiences by their family, friends, and, particularly, a health care
community that frequently relies on “seeing” a condition in order to treat
it. Misjudgments and a failure to understand the nature and depths of
TMDs can have severe consequences—more pain and more suffering—for
individuals, their families, and our society. People with TMDs, desperate
for solutions, often seek out multiple clinicians, turning to dubious treat-
ments in search of a cure, which can potentially lead to iatrogenic injury
and costly, yet ineffective, treatments.

This study—focused on improving TMD care and identifying research
directions—occurs at a time of both challenges and opportunities for prog-
ress in this field. TMDs are especially challenging because they often require
care across medicine, dentistry, and other fields of health, and yet, given
the current divide between the medical and dental fields in the United
States, such coordinated care rarely happens. The medical-dental divide is
further exacerbated by a payment system that inadequately reimburses for
the complex care needed by people with TMDs. Clinicians can be affected
by bias, limitations in their knowledge and training, and differences in the
systems in which different types of clinicians work. Efforts are needed to

X111
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break down these silos and devote research efforts aimed at understanding
this complex set of disorders and improving patient care. Furthermore,
research is needed to learn more about the structure and function of the
temporomandibular joint and the management of its associated disorders.
Many TMDs do not exist in isolation, but rather are frequently associ-
ated with other painful conditions such as headache, neck and back pain,
irritable bowel syndrome, fibromyalgia, sleep disorders, and chronic fatigue
syndrome. Despite these challenges, a number of opportunities exist, such
as in increasing patient involvement in order to help move health care for-
ward and in new research tools and technologies that can expand the cur-
rent understanding of the etiology and progression of TMDs. In responding
to the study’s broad task—which stretches from research to education to
care—this report aims to provide an overview of the current state of knowl-
edge on TMDs and to focus its recommendations on near- and long-term
actions to move the field forward in such a way that it improves care for
individuals with a TMD as rapidly as possible.

The committee’s work greatly benefited from the compelling insights
that were so graciously shared by many individuals with TMDs and their
family members. These individuals described their often arduous and costly
experiences in living with these often complex conditions, including the
challenges of trying to navigate through fragmented and divided dental and
medical health care systems and frequently dealing with health professionals
who were largely unfamiliar with TMDs. We are grateful to these people
for sharing their stories, hopes, disappointment, and anger in their written
comments and testimonials. We kept those shared messages at the forefront
of our deliberations and focus while creating this report.

The committee also greatly appreciates the information provided by
workshop speakers as well as by many others who shared information with
the committee. The feedback from the report reviewers was invaluable. We
especially thank the study sponsors for their work on TMDs and for their
support of this study: the Office of the Director at the National Institutes
of Health and the National Institute of Dental and Craniofacial Research.

It was our great privilege to work with such dedicated committee mem-
bers, each of whom thoroughly engaged in the study, generously shared
their expertise, and contributed significant time and effort to this endeavor.
This was a complex task, and the committee members stepped up to meet
the challenge. Their reasoned and thoughtful discussions made this report
possible. We were all fortunate to work with a diligent and outstand-
ing team of National Academies of Sciences, Engineering, and Medicine
staff, and we deeply thank Cathy Liverman, Rebecca English, Olivia Yost,
Kendall Logan, and Siobhan Addie, led by Andrew Pope and Sharyl Nass,
board directors in the Health and Medicine Division. We also thank Erin
Hammers Forstag for her writing and editing work and Daniel Bearss of
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the National Academies library staff for his assistance conducting detailed
literature searches for the committee and staff.

The committee worked to develop this report in an objective manner
based on the available evidence and knowledge. During this process we
were acutely aware of the limitations in existing evidence and the data to
support that evidence. These limitations and the opportunities to trans-
form our understanding of TMDs helped guide our recommendations.
TMDs result from a complex interplay between biological, biomechanical,
psychological, and social factors that transcend simple explanations. Efforts
are needed to enhance our understanding of TMDs from cells to society,
taking advantage of team science approaches to these complex problems.
Further progress will be made through the development and use of new
tools, metrics, and biomarkers to diagnose TMDs and forecast their trajec-
tory, predict treatment efficacy, and monitor advances in improving health
and well-being. The education and training of health care professionals
about TMDs and incentivizing them to work individually and in teams
will be critical for making improvements in providing care of individuals
with recent onset TMDs, chronic TMDs, or high-impact TMDs. Enhanced
models of care will incentivize health care professionals to provide the most
optimal care for people with TMDs—and do so in a way that is culturally
sensitive and patient-centric. It is the committee’s hope that this report will
provide a springboard to move this field forward.

Enriqueta C. Bond, Chair

Sean Mackey, Vice Chair

Committee on Temporomandibular Disorders (TMDs):
From Research Discoveries to Clinical Treatment

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25652

Temporomandibular Disorders: Priorities for Research and Care

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25652

Temporomandibular Disorders: Priorities for Research and Care

Summary

Consider the joints of the human body. What might first come to mind
are the hips and knees—the large joints that support us in our mobility—
followed by the wrists, ankles, elbows, fingers, and toes. What can be
overlooked, although clearly evident in the mirror, is one of the most used,
most necessary, and perhaps most misunderstood set of joints—those of the
jaw—which are critical to the vital work of human life, including eating,
talking, kissing, and even breathing.

This report focuses on temporomandibular disorders (TMDs), a set of
more than 30 health disorders associated with both the temporomandibular
joints (TM]s) and the muscles and tissues of the jaw. TMDs have a range
of causes and often co-occur with a number of overlapping medical condi-
tions, including headaches, fibromyalgia, back pain, and irritable bowel
syndrome. TMDs can be transient or long lasting and may be associated
with problems that range from an occasional click of the jaw to severe
chronic pain involving the entire orofacial region.

The national prevalence of TMDs is difficult to estimate due to chal-
lenges in conducting clinical examinations on a large scale, such that most
prevalence data are based on self-reported symptoms associated with TMDs
rather than examiner-verified classification. For example, one analysis of
2018 data found that an estimated 4.8 percent of U.S. adults (an estimated
11.2 to 12.4 million U.S. adults in 2018) had pain in the region of the TM]
that could be related to TMDs (see Chapter 3). Orofacial pain symptoms
may or may not be related to TMDs. As discussed throughout this report,
TMDs are a set of diverse and multifactorial conditions that can occur at
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different stages in an individual’s life with a range of manifestations and
impacts on quality of life.

Action is urgently needed to improve care for individuals with a TMD.
Too long compartmentalized as a dental issue, both the clinical manage-
ment of and research addressing TMDs need to implement a holistic and
multidisciplinary approach. Individuals with TMD symptoms often encoun-
ter health professionals (across medicine, dentistry, and beyond) that are
unfamiliar with TMDs and do not know where best to refer patients for
further diagnosis and treatment. The divide between medical and dental
care is currently vast in the United States and much of the world, and is
a divide that profoundly affects care systems, payment mechanisms, and
professional education and training.

This report explores a broad range of issues relevant to improving the
health and well-being of individuals with a TMD. To address the study’s
Statement of Task (see Chapter 1), the National Academies of Sciences,
Engineering, and Medicine appointed an 18-member committee with ex-
pertise in public health; pain medicine; basic, translational, and clinical
research; patient advocacy; physical therapy; dentistry; self-management;
TMDs and orofacial pain; oral and maxillofacial surgery; health care
services; internal medicine; endocrinology; rheumatology; law; nursing;
psychiatry; and communications. The study was sponsored by the Office of
the Director of the National Institutes of Health and the National Institute
of Dental and Craniofacial Research.

CHALLENGES IN CARE: PATIENT EXPERIENCES

The committee greatly benefited from the input of individuals with
a TMD and family members, many of whom face significant day-to-day
challenges in living with a TMD. These challenges include difficulties in
eating, in personal and social interactions, and in talking, which are often
accompanied by severe ongoing pain. The committee received input from
more than 110 individuals through in-person and online opportunities to
testify at the committee’s public workshop (see Appendix A) and through
written submissions to the study’s public access file.! Among the many
issues raised in these testimonies, several focused on the health care system
and the care of individuals with a TMD:

* Lack of coordinated care and abandonmenit—Individuals reported
that they were often shuffled back and forth between clinicians
in the medical and dental fields with little to no attention paid to

IThe study’s public access file is available through the National Academies Public Access
Records Office (paro@nas.edu).
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a comprehensive approach to coordinated care. Patients also re-
ported being abandoned by their dentists and other clinicians when
the treatments did not work, with no referrals or other options
provided.

* Over-treatment/harmful treatment—Many patients reported on hav-
ing endured multiple TMD-related surgeries (in some cases more
than 20), often with no resolution to their pain or with worsening
symptoms. Other individuals reported that they had not had surgery
but had had a removable oral appliance, orthodontic correction
of the teeth, replacement of teeth, or some combination of these
treatments.

* Impact on quality of life—Individuals with a TMD described how
having a TMD has profound impacts on the quality of their day-to-
day lives, from struggling in pain to kiss a loved one to challenges
in dining out with friends or simply eating solid foods. Some indi-
viduals noted that the disorder affected their ability to work and to
care for their families. Many described challenges in dealing with
the emotional consequences of their condition and its treatment and
with the episodic or ongoing pain that they experience.

* Expense—The financial burden of seeking and receiving care for a
TMD was noted by individuals and family members. Some people
said that they had received limited insurance coverage, but, for the
most part, the coverage was paid out of pocket by the individual at
costs of up to tens of thousands of dollars.

* Identifying qualified health care professionals—Individuals with a
TMD and their families often expressed their frustration at not
knowing where to turn for quality care. Primary care and internal
medicine clinicians and general dentists often did not know how to
help them locate qualified specialists. Patients were highly aware
of the TM]J implant failures of the 1970s and 1980s and conveyed
their concerns about the lack of quality treatment options for TMDs.
Additionally, they noted that misleading advertising practices—in
which clinicians claim to be experts but do not have the proper
experience or evidence-based practices—further complicate access
to quality care.

* Comorbidities—Many individuals with a TMD noted challenges
with comorbid conditions, including fatigue, widespread pain, fibro-
myalgia, depression, anxiety, and arthritic conditions.

This brief overview highlights only some of the challenges that continue
to be faced by individuals with a TMD and by clinicians in diagnosing
TMDs and identifying appropriate care for them. A part of the history of
the treatment of TMDs centers on the synthetic implants often used from
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the late 1960s to early 1990s to replace the condyle, fossa, and articular
disc of the TM]J. Many of these implants were either recalled by the Food
and Drug Administration or voluntarily withdrawn from the market after
they caused a range of adverse health outcomes including severe pain and
functional joint impairment (see Chapter 5).

Patients have played and continue to play a major role in bringing
attention to the need to advance the understanding of and ability to treat
TMDs.

COMPLEXITY OF TMDs

The TM]Js are among the most frequently used joints in the body, often
opening and closing approximately 2,000 times daily. All of the critical
activities of this joint, ranging from verbal and nonverbal communications
to the demanding movements of chewing to the more subtle function of
breathing, require healthy functioning of both the TM]Js and associated
tissues. Additionally, the joints are vital to interpersonal interactions, to the
facial expressions of emotions such as joy or sadness, and to self-esteem
and self-identification.

During joint movement, the two TM]Js act through parallel efforts to
move the semi-rigid jaw and connect the mandible to the temporal bone of
the skull. The complexity of the varied conditions that are included in the
set of disorders known as TMDs has been a challenge for individuals with
a TMD, their family members, health care professionals, and researchers.
Although these disorders have sometimes been lumped together as one
entity (with terms such as temporomandibular joint disorder), recent efforts
have focused on emphasizing that this is a set of disorders (see Chapter 2)
and therefore that there is no one treatment or one care pathway for
TMDs—one “size” does not fit all.

Upon being diagnosed with a TMD, the goals are for each patient to
know the specific type of disorder (or multiple TMDs) that he or she has
and to be provided with an appropriate treatment plan specific to that diag-
nosis. The challenge (as described in Chapter 5) is that the evidence base
for matching a specific treatment (or group of treatments) with a specific
diagnosis is not yet fully developed so that in some cases, particularly for
chronic conditions, much remains to be learned. While a small number of
abnormalities of the TM]J require specific surgical operations to correct,
the majority of TMDs have diffuse symptoms and may not respond pre-
dictably to one specific intervention. As discussed in Chapter 3, much also
remains to be learned about the prevalence of specific TMDs.

The committee uses the broad definition of TMDs as a set of diseases
and disorders related to alterations in the structure, function, or physiology
of the masticatory system and that may be associated with other systemic
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and comorbid medical conditions. The term “TMDs” is used as an um-
brella term to encompass disorders that can range from muscle or joint pain
to joint disorders (including hypomobility or hypermobility of the joint) to
joint diseases (including osteoarthritis) (see Chapter 2). The pain associated
with TMDs can range from none to severe high-impact pain. TMDs can
range from a single isolated condition to multi-system involvement and can
be associated with other comorbid and systemic disorders and overlapping
pain conditions (e.g., fibromyalgia, back pain, headache, irritable bowel
syndrome, inflammatory arthritis).

The committee supports a biopsychosocial model of TMDs that is
interdisciplinary and can be used across medicine and dentistry to focus on
the total person’s health and well-being. The biopsychosocial approach is
a broad model that can encompass the range of TMDs and apply the best
science from medicine, dentistry, physical therapy, integrative health, and
multiple other fields to the care of individuals with a TMD. This approach
acknowledges that TMDs are not a single entity and consequently most
often have varying causes (e.g., trauma, genetics, environmental etiolo-
gies) that affect differing parts of the masticatory system and potentially
other body systems and require varied, and sometimes multiple, treatment
modalities (see Chapter 5).

NEXT STEPS AND RECOMMENDATIONS

The committee worked to review the scientific literature; to seek infor-
mation from patients and their family members, researchers, clinicians,
policy makers, research funders, and others; to analyze the data; and to
develop its conclusions and recommendations.

The recommendations below focus on the actions that many organiza-
tions and agencies should take to improve TMD research and care. The
committee also emphasizes the critical role that individuals with a TMD
and their family members have played—and hopefully will continue to
play—in bringing TMD issues to the attention of policy makers and health
professionals and moving the research and care agenda forward on multiple
levels in the public and private sectors. These efforts are to be commended
and are encouraged to continue and expand. Specifically, it is hoped that
individuals with a TMD and their families will be able to partner with their
health care professionals to find the best options for care, to continue to
actively participate in patient support networks, to explore ways to be a
participating voice in research efforts, and to be active advocates for im-
provements in care and services for themselves, their family members, and
other people with a TMD. The goals of the following recommendations are
to build a strong base of knowledge about TMDs and to facilitate actions
needed to improve the overall health and well-being of individuals with a

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25652

Temporomandibular Disorders: Priorities for Research and Care

6 TEMPOROMANDIBULAR DISORDERS

TMD. Some of these recommendations can be accomplished rapidly with
actions by key decision makers. Other recommendations are more aspira-
tional and will require the collaboration and commitment of multiple or-
ganizations and dedicated resources—including investments of time, funds,
and innovative energies—to accomplish these goals. The committee has
provided both short-term and longer-term priorities (see Chapter 8) to be
used as starting points and long-range planning points. Key to making a
difference in improving care for individuals with a TMD will be:

* pioneering pathways that span medicine, dentistry, physical therapy,
and other fields of health care to provide holistic, comprehensive
approaches to care—interprofessional and interdisciplinary efforts
are of critical importance;

* willingness of health care agencies, organizations, and professionals
to commit the resources needed to address this long neglected and
often dismissed area of health care; and

* openness and commitment to using and strengthening the evidence
base on TMD treatment and changing practice as needed.

Build and Sustain Collaborative and Multidisciplinary Research

Despite investment in research directly and indirectly related to
TMDs—most significantly in the field of orofacial pain—researchers have
yet to unravel the etiologies and pathophysiologies of TMDs or to translate,
in a meaningful way, research findings into improved clinical care practices.
Over the past decade, research on TMDs has centered on the biological
mechanisms underlying the development and persistence of orofacial pain
and on the structure and function of the joint and its tissues, while more
recent research has begun to examine the molecular genetics, biomarkers,
and biopsychosocial risk factors of TMDs and common comorbidities.
Broadly, the research foundation relating to TMDs, as has been the case
with other complex, stigmatized conditions, has suffered from the siloing
of disciplines and from a lack of clear direction—thus stunting the potential
clinical impact of the research. In the case of TMDs, these difficulties have
been heightened by a significant dental-medical divide that affects both
research and clinical care.

Engagement by multiple stakeholders will be required to dismantle
the silos keeping research fields isolated and to advance TMD research
and care. A broad range of interrelated research priorities are explored in
the report across the research-to-clinical-care continuum. Chapter 4 high-
lights research priorities, including those that overlap with those of more
broadly funded health concerns, such as chronic pain, and emphasizes the
importance of keeping patient needs central to the process of research.
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The committee recommends that a research consortium be established to
bring together relevant National Institutes of Health (NIH) institutes and
centers and other stakeholders from the public and private sectors to focus
future research efforts on filling key evidence gaps in TMD research and
care and to ensure that clinically meaningful, patient-centered outcomes are
prioritized. The committee stresses the importance of an organized research
approach for TMDs, but the mechanism to carry this out should be flexible.

Fresh ideas and multiple disciplines are needed to advance TMD re-
search to improve patient care. NIH provides approximately one-third of
all biomedical research funding in the United States and, therefore, the
interests and priorities of NIH institutes and centers can stimulate research
interests and training programs throughout the country. TMDs are not the
primary mission of any NIH center or institute. NIH funding for TMD
research falls largely within the National Institute of Dental and Cranio-
facial Research (which has one of the smallest research budgets of the NIH
institutes) with a total budget of approximately $461 million compared to
the National Cancer Institute’s budget of $5.99 billion for fiscal year 2019.
Given the number of individuals suffering from TMDs, the severity of some
of the disorders, and the substantial public health burden of TMDs, there
is a significant opportunity for NIH and other biomedical research institu-
tions to drive increased funding to TMDs in order to spark new research
interest and discoveries. Efforts are needed to ensure that TMD research is
incorporated into NIH-wide initiatives, including the NIH Pain Consor-
tium. Furthermore, as noted in Public Law 116-94, an NIH inter-institute
working group is being called on to focus on coordinating TMD research
across the multiple NIH institutes and centers relevant to this field. Details
on each of these recommendations is provided in Chapter 8.

Recommendation 1: Create and Sustain a National Collaborative

Research Consortium for Temporomandibular Disorders (TMDs)

A National Collaborative Research Consortium for TMDs should be
established and sustained to coordinate, fund, and translate basic and
clinical research (including behavioral, population-based, and imple-
mentation research) to address evidence gaps, generate clinically mean-
ingful knowledge, identify safe and effective treatments, and improve
the quality of TMD care.

The consortium would:
* FEstablish and implement a national research framework for TMDs;

* Provide infrastructure for the implementation of research projects;
e Establish milestones and timelines;
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 Facilitate research collaborations;

* Develop public—private partnerships;

* Develop and test evidence-based strategies for knowledge transfer;

* Support the development of a multidisciplinary research workforce
for TMDs through existing and new training and center initiatives;
and

* Evaluate progress and disseminate research findings.

Recommendations 2 to 4: Coordinate and Expand Research on
Temporomandibular Disorders (TMDs)

The National Collaborative Research Consortium for TMDs, led by
the National Institutes of Health (NIH) along with other funders,
should fund and strengthen:

* Basic research efforts and the translation of that research as part of
a patient-focused, multidisciplinary research agenda on TMDs to
address evidence gaps, generate clinically meaningful knowledge,
identify effective treatments, and improve quality of care;

* The collection, assessment, and dissemination of population-based
data on the burden and costs of TMDs and the effects of TMDs
on patient outcomes in order to improve the prevention (primary,
secondary, and tertiary) and management of TMDs; and

* Clinical and implementation research to clearly define effective treat-
ments and continuously improve the quality of care for patients with
a TMD.

(See Recommendations 2 to 4 in Chapter 8 for lists of research priori-
ties and actions.)

Improve Access and Quality for TMD Health Care

The multiple types of TMDs and the extensive comorbidities often seen
in patients with TMDs have posed a challenge to clinicians for decades.
Correct diagnosis is the first barrier and is complicated further by confusing
terminology and a lack of clarity around the causes and development of the
disorders (see Chapter 2). Management strategies are equally unclear, with
limited or poor-quality data to support treatment decisions and siloed prac-
tices that limit the interactions of dental and medical clinicians. Throughout
this report, the committee emphasizes a number of important elements of
TMD care and awareness, including:
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* Patient centeredness, recognizing that individuals with a TMD are
more than their medical condition and that quality-of-life factors are
important;

* Coordinated and multidisciplinary care as needed that may involve
a team of professionals across disciplines; and

* A focus on education, in order to improve clinicians’ knowledge and
skills, the general public’s awareness and understanding of TMDs,
and the self-management skills of individuals with a TMD.

An important challenge in ensuring the availability of high-quality
care for TMDs, particularly for those who have a TMD that is not easily
resolved, is making sure that patients have access to coordinated care across
medicine, dentistry, and other health professions. Innovative approaches
and interprofessional efforts will be needed. Specialized TMD centers,
especially for individuals that need multiple types of care, would be vital
and could contribute significantly to telehealth options for improving access
to specialty care as well as to innovative approaches to health professional
education, clinical research, and data collection and analysis. Much remains
to be learned about how to individualize patient care to the extent possible
in order to provide the most effective management and treatment options
for that individual. Details on the following recommendations are provided
in Chapter 8.

Recommendation 5: Improve the Assessment and Risk Stratification of
Temporomandibular Disorders (TMDs) to Advance Patient Care

The International Network for Orofacial Pain and Related Disorders
Methodology, American Dental Association, American Academy of
Orofacial Pain, and The TM]J Association, in collaboration with the
American Academy of Family Physicians, Society of General Internal
Medicine, American College of Rheumatology, and other relevant pro-
fessional organizations and stakeholders, should develop diagnostic,
screening, and risk stratification tools, including a list of high-risk/
red-flag symptoms for health care professionals (primary care and
dentists) for TMDs. Diagnostic tools and resources for TMDs should
be improved for the initial assessment by primary care clinicians and
dentists and for referrals to specialists as needed. These efforts should
include the development of decision criteria for risk stratification to
aid in identifying patients who are likely to escalate from self-limiting
and localized symptoms to a systemic pain condition and then to high-
impact pain.
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Recommendation 6: Develop and Disseminate Evidence-Based Clinical
Practice Guidelines and Quality Metrics for Care of Temporomandibular
Disorders (TMDs)

The International Association for the Study of Pain, American Academy
of Pain Medicine, American Academy of Orofacial Pain, International
Network for Orofacial Pain and Related Disorders Methodology, and
American Chronic Pain Association should convene stakeholders to
develop evidence-based consensus clinical practice guidelines for dentists
and primary care clinicians to guide diagnosis, initial treatment, and
referral strategies for patients with TMD symptoms. Clinical practice
guidelines should be developed and widely disseminated that provide
evidence-based pathways for the initial recognition and stepped care
management of TMDs and for specialty care for patients with TMDs.
Once clinical practice guidelines are developed, clinical performance
measures should be deployed in quality improvement initiatives.

Recommendation 7: Improve Reimbursement and Access to High-Quality
Assessment, Treatment, and Management of Temporomandibular
Disorders (TMDs)

The American Dental Association, in collaboration with The TM]J
Association and private and public health insurers (including Medicare
and Medicaid) and health professional associations should convene a
working group across public and private health and dental insurers and
health care systems to develop mechanisms for providing access to con-
sistent, fair, equitable, and appropriate insurance coverage for safe and
effective treatments for TMDs. The Center for Medicare & Medicaid
Innovation should also conduct demonstration projects that would ex-
plore new delivery and payment models for Medicare, Medicaid, and
the Children’s Health Insurance Program to improve access, quality,
and coverage for TMD care.

Recommendation 8: Develop Centers of Excellence for Temporo-
mandibular Disorders (TMDs) and Orofacial Pain

The American Academy of Orofacial Pain and the existing orofacial
pain programs in academic health centers, working with other relevant
medical and dental professional associations and with patient advocacy
organizations, should develop Centers of Excellence for TMDs and
Orofacial Pain to provide comprehensive evaluations and treatment of
individuals with TMDs; to serve as a resource for clinicians (includ-
ing interprofessional consultations and telehealth opportunities); to
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contribute to the research base for TMDs; and to provide onsite and
virtual education and training, particularly continuing education, for
a range of health care professionals. Centers should involve a range of
specialists across medicine, dentistry, and other areas of health care and
should include patient representatives in the planning and implemen-
tation. National Institutes of Health institutes and centers and other
research funders should support center-related research through the use
of P50 center grants and other relevant funding mechanisms.

Improve Health Care Professional Education About TMDs

A critically important component of improving care for TMD patients
is ensuring that health care professionals (across medicine and dentistry)
have the professional education and training they need on TMDs—that
they have basic knowledge about the set of TMDs and that they are up to
date on current research findings and best practices for TMD care. Primary
care clinicians—including family physicians, pediatricians, general dentists,
nurse practitioners, and physician assistants—need to be well aware that a
wide array of disorders are grouped as TMDs and that there are initial care
practices (including self-management) that can be useful to many patients.
Furthermore, they need to know when to refer patients for specialty care
and to which specialists to refer patients.

Additionally, relatively few orofacial pain and TMD specialists are cre-
dentialed by independent organizations to provide TMD care. The recom-
mendations below point to actions needed to increase the number of qualified
specialists and to provide those specialists with the interprofessional training
and expertise needed to equip them to help patients bridge the gaps across
medicine and dentistry and obtain full and complete care. Further details on
the following recommendations are provided in Chapter 8.

Recommendation 9: Improve Education and Training on Temporo-
mandibular Disorders (TMDs) for Health Care Professionals

Health professional schools and relevant professional associations and
organizations across medicine, dentistry, nursing, physical therapy,
and all other relevant areas of health care should strengthen under-
graduate, graduate, pre- and postdoctoral, residency, and continuing
education curricula in pain management, orofacial pain, and TMD
care for health professionals and work to ensure interprofessional and
interdisciplinary training opportunities.

* Deans of health professional schools (across medicine, dentistry,
nursing, physical therapy, and all relevant areas of health) should
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ensure that their schools’ curricula include attention to TMDs and
cover the physiology, pathophysiology, and assessment, referral, and
management of related conditions.

* Health professional licensing organizations (including the organiza-
tions administering the National Board Dental Examinations, National
Council Licensure Examination, U.S. Medical Licensing Examination,
and National Physical Therapy Exam) should expand and improve
exam questions about pain management and TMDs, moving beyond
physiology and diagnosis and toward treatment and management.

* The Commission on Dental Accreditation should amend the accredi-
tation standards for predoctoral dental programs to include screen-
ing, risk assessment, and appropriate evidence-based interventions
for TMDs.

* Health professional associations should ensure that all continu-
ing education courses on TMDs for health care professionals are
evidence based and reflect and promote current research, clinical
guidelines, and best practices.

Recommendation 10: Establish and Strengthen Advanced/Specialized

Training in Care of Orofacial Pain and Temporomandibular Disorders
TMDs

The number and quality of health care professionals with specialized
training in pain management, orofacial pain, and TMDs should be
increased, recognizing the existence of such barriers as reimbursement
and recognition of the practice of orofacial pain.

* The American Dental Association’s National Commission on
Recognition of Dental Specialties and Certifying Boards should rec-
ognize orofacial pain as a dental specialty.

* The American Board of Medical Specialties, the Accreditation
Council for Graduate Medical Education, and the American Society
for Pain Management Nursing/American Nurses Credentialing
Center’s certification in pain management should ensure that TMDs
and TMD care are sufficiently covered in its requirements and cer-
tification examination.

* The Commission on Dental Accreditation should work with oral and
maxillofacial surgery programs to ensure that participants receive
comprehensive training on the surgical and non-surgical manage-
ment of TMDs, including referral to other health care professionals
when appropriate.

* Relevant professional associations should expand and improve op-
portunities for all health professionals to pursue clinical rotations
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and fellowships in pain management, orofacial pain, and TMD care
that emphasize interprofessional care.

Raise Awareness, Improve Education, and Reduce Stigma

Individuals with a TMD and their families have contributed signifi-
cantly to the progress that has been made in TMD research and care. They
are among the most persuasive advocates and educators as they have a
firsthand picture of the disorder and its impact. There is a need for patients
and their families to have consumer-friendly tools and educational resources
to enable them to become more informed for their own well-being and, if
they so decide, to inform others and advocate for change. Furthermore,
efforts are needed to reduce the stigma that is often associated with TMDs.
Although there is a limited amount of research on stigma that is specific
to TMDs, research on the impact of stigma from chronic pain, together
with patient testimony provided to the committee, eloquently document
the stigma suffered by individuals with a TMD and its consequences for
patients. The committee believes that efforts to increase professional educa-
tion and awareness about TMDs across the dental and medical professions
(see Chapter 6) as well as actions to improve the education of patients, fam-
ilies, and the general public (see Chapter 7) are part of the efforts needed to
help reduce the stigma of TMDs and improve patient health and well-being.
Chapter 8 provides additional details on implementation actions.

Recommendation 11: Raise Awareness, Improve Education, and Re-
duce Stigma

The TM]J Association, American Dental Education Association, TM]
Patient-Led RoundTable, American Chronic Pain Association, and
American Academy of Orofacial Pain should lead efforts in collaboration
with other relevant stakeholders to develop, update, and widely dissemi-
nate evidence-based communications and patient-focused tools related to
temporomandibular disorders (TMDs). These tools should be strength-
ened, promoted, and widely disseminated through multiple avenues for
adults and youth of all health literacy levels and in multiple languages to
raise public awareness about TMDs, improve the resources available to
patients and families, and reduce the stigma related to TMDs.

OPPORTUNITIES FOR ACTION

Through commitment, dedicated efforts, and interdisciplinary collabora-
tions, the bold goals outlined in this report (and briefly outlined in Box S-1)
can be accomplished to improve the lives of individuals with a TMD.
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BOX S-1
Recommended Opportunities for Action

As noted above, and further detailed in Chapter 8, the committee’s recom-
mendations call on a number of stakeholders—across medicine, dentistry, and
other fields—to improve the health and well-being of individuals with a temporo-
mandibular disorder (TMD). This box provides only a brief overview. The efforts
of many additional organizations and agencies will be needed. Actions for specific
stakeholders include the following:

Patient advocacy and patient-focused organizations (including The TMJ
Association, the TMJ Patient-Led RoundTable, and the American Chronic Pain
Association):
* Continue to be involved in efforts across the spectrum of TMD research
and care to promote patient-centered care
* Provide input on research planning, patient registry development, and
standards of care
*  Work with researchers and developers on improving communication ave-
nues regarding TMD awareness and care

Health care professionals (including general dentists, primary care and internal
medicine clinicians, pain specialists, and oral and maxillofacial surgeons):
» Stay current on the evidence base on TMDs and TMD care
* Provide evidence-based information on TMDs to patients and help them
navigate care pathways
* Work to establish relationships with colleagues across professions and
provide coordinated interprofessional TMD care

Research funders and researchers (including relevant National Institutes of
Health institutes and centers, Department of Veterans Affairs, Centers for Disease
Control and Prevention, Department of Defense, private-sector research funders,
academic research centers, research foundations, and professional associations):
» Establish and sustain a National Collaborative Research Consortium for
TMDs to coordinate and translate basic and clinical research
» Strengthen basic research focused on improving clinical outcomes
* Expand population-based research to further understand the burden and
costs of TMDs and identify areas for improving prevention and access to
care
e Conduct pragmatic trials and other comparative effectiveness research on
TMD treatments
* Develop a set of common data elements for clinical research on TMDs
* Test novel self-management strategies and disseminate effective interventions
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Develop and implement a national TMD patient registry

Explore communications research needs for improving patient and public
awareness of TMDs and evidence-based care

Expand the work in practice-based networks (dental and medical) on TMDs

professional associations and organizations (across dentistry, medi-
nd other health professions) and health professional licensing boards and

organizations (including but not limited to the American Dental Association, Ameri-
can Dental Education Association, American Academy of Orofacial Pain, organi-
zations administering the National Board Dental Examinations, the United States
Medical Licensing Examination, and the National Physical Therapy Examination):

Recognize orofacial pain as a dental specialty

Expand and improve licensing exam questions about pain management
and TMDs

Ensure that continuing education programs on TMD care are evidence
based

Develop and disseminate evidence-based information and resources on
TMDs for patients and families and explore the feasibility of a public aware-
ness campaign in collaboration with patient advocacy organizations

Work with academic health centers to establish Centers of Excellence for
TMDs and Orofacial Pain

Improve TMD diagnostic and risk stratification tools

Health care professional schools (including schools of dentistry, medicine,
nursing, and physical therapy):

Assess and improve curricula on TMD and pain management and care
Promote interprofessional education and practice

Ensure that continuing education programs on TMD care are evidence
based

Improve opportunities in many health professions for clinical rotations and
fellowships in pain management, orofacial pain, and TMD care

Work to establish Centers of Excellence for TMDs and Orofacial Pain

Health care systems and private and public dental and medical insurers,
including the Centers for Medicare & Medicaid Services:

Develop mechanisms for providing access to consistent, fair, equitable, and
appropriate insurance coverage for safe and effective treatments for TMDs
Explore new delivery and payment models for Medicare, Medicaid, and
the Children’s Health Insurance Program to improve access, quality, and
coverage for TMD care

Explore—through pilot projects in health systems that integrate medicine
and dentistry and other opportunities—effective TMD care pathways
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TMD bhas affected every aspect of my life: physically, emotionally, finan-
cially, psychologically, professionally, and it has affected my relation-
ships, my passions, my independence, and at times my dignity. It cut
me off at the knees and changed the landscape of my life, and what 1
imagined my life would be. I have had to accept that, we’ve all had no
choice but to accept that.

—Adriana V.

Consider the joints of the human body. What might first come to mind
are the hips and knees—the large joints that support us in our mobility—
followed by the wrists, ankles, elbows, fingers, and toes—the smaller joints
that support nearly everything else. What can be overlooked, although
clearly evident in the mirror, is one of the most used, most necessary, and
perhaps most misunderstood set of joints—those of the jaw—which are
critical to the vital work of human life, including eating, talking, kissing,
and even breathing.

This report focuses on temporomandibular disorders (TMDs), a set of
more than 30 health disorders associated with both the temporomandibular
joint (TM]J) and the muscles and tissues of the jaw. TMDs have a range of
causes and often co-occur with a number of overlapping medical condi-
tions, including headaches, fibromyalgia, back pain, and irritable bowel
syndrome. Both the range of causes and the overlapping conditions con-
tribute to widespread misunderstandings regarding the importance and
function of the jaw joints. TMDs can be transient or long lasting and may

17
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be associated with problems that range from an occasional click of the jaw
to severe chronic pain involving the entire orofacial region. Often one of
the biggest challenges facing an individual with a TMD or TMD-related
symptoms is finding the appropriate diagnosis and treatment, particularly
given the divide between medicine and dentistry in the United States and
much of the world—a divide that profoundly affects care systems, payment
mechanisms, and professional education and training.

The national prevalence of TMDs is difficult to estimate due to chal-
lenges in conducting clinical examinations on a large scale, such that most
prevalence data are based on self-reported symptoms associated with TMDs
rather than examiner-verified classification. For example, one analysis of
2018 data found that an estimated 4.8 percent of U.S. adults (an estimated
11.2 to 12.4 million U.S. adults in 2018) had pain in the region of the TM]
that could be related to TMDs (see Chapter 3). Orofacial pain symptoms
may or may not be related to TMDs. As discussed throughout this report,
TMDs are a set of diverse and multifactorial conditions that can occur at
different stages in an individual’s life with a range of manifestations and
impacts on quality of life.

This report explores a broad range of issues relevant to improving the
health and well-being of individuals with a TMD. To address the study’s
Statement of Task (see Box 1-1), the National Academies of Sciences, Engi-
neering, and Medicine appointed an 18-member committee with expertise
in public health; pain medicine; basic, translational, and clinical research;
patient advocacy; physical therapy; dentistry; self-management; TMDs and
orofacial pain; oral and maxillofacial surgery; health care services; inter-
nal medicine; endocrinology; rheumatology; law; nursing; psychiatry; and
communications. The study was sponsored by the Office of the Director at
the National Institutes of Health and the National Institute of Dental and
Craniofacial Research.

The committee held five in-person meetings during the course of its
work, including a public workshop in March 2019 during which a number
of speakers provided their expertise on study topics and individuals with a
TMD provided their insights on living with these disorders. Additionally,
the committee heard from speakers at their first meeting (January 2019) and
through two public web conference call meetings in June and July 2019 (see
agendas in Appendix A). Furthermore, the committee gained many insights
from public testimony provided in written format. The committee’s work
involved extensive scientific literature searches and the review of a range
of materials.
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BOX 1-1
Statement of Task

Temporomandibular Disorders (TMDs):
From Research Discoveries to Clinical Treatment

An ad hoc committee under the auspices of the National Academies of
Sciences, Engineering, and Medicine’s Health and Medicine Division will convene
to address the current state of knowledge regarding TMD research, education and
training, safety and efficacy of clinical treatments of TMDs, and burden and costs
associated with TMDs. The ad hoc committee will identify approaches to advance
basic, translational, and clinical research in the field. The committee’s findings,
conclusions, and recommendations will also inform development of policies
related to evidence-based treatment and clinical management of TMD patients.

Specifically, the committee will:

Review and estimate the public health significance of TMDs, including
prevalence, incidence, burden, and costs; and review challenges to data
collection and reliability.

Evaluate the evidence base for assessment, diagnosis, treatment, and

management of acute and chronic TMD. Recognizing that TMDs are diverse

and multifactorial conditions influenced by genetics, sex and gender, envi-
ronmental, physiological, and psychological factors, this effort will:

o Address patient heterogeneity and challenges to patient stratification to
better target therapies toward patients.

o Identify similarities and differences between chronic TMD, other chronic
pain states (as well as chronic overlapping pain conditions), and other
joint disorders such as phenotypic features that might predict respon-
siveness to treatments.

o lIdentify and characterize other non-pain comorbidities that diminish
quality of life, including those that affect etiology and influence resil-
ience, such as nutritional challenges and other neurological, metabolic,
and mental health conditions (e.g., anxiety, depression).

o Examine the evidence base for defining chronic TMD as a multi-system
disorder that necessitates multidisciplinary research and interventions.

Identify barriers to appropriate patient-centered TMD care, in the presence

and absence of an evidence base, and strategies to reduce these barriers

along the continuum of TMD pain. This effort will:

o Evaluate elements and outcomes of patient-centered TMD care.

o Identify challenges to dissemination and implementation of evidence-
based treatments and prevention strategies that are safe and effective.

o Determine and characterize health inequities in clinical TMD management.

Review the state of science for TMDs and provide an overview of basic,

translational, and clinical research for TMDs. This effort will:

o Examine existing or emerging TMD animal models and their preclinical
utility.

continued
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BOX 1-1 Continued

o ldentify gaps and opportunities in TMD research relating to central and
peripheral mechanisms, genetic/epigenetic contributions, heterogeneity
of molecular mechanisms, joint mechanics, neuroimmune processes,
endocrine influences, role of the microbiome, and endogenous mecha-
nisms of resilience.

o Assess the intersection of sex differences in immune/neuroimmune
and inflammatory responses in chronic TMDs with other autoimmune
diseases that are more prevalent in females or males.

o Assess progress on identification and validation of targets and bio-
markers (genetic, neuroinflammation, neuroimaging, proteomic, behav-
ioral, etc.) for use in establishing risk, diagnoses, treatment, outcomes,
and reoccurrence.

o Identify potential approaches to using artificial intelligence for pattern
recognition in patient datasets (e.g., genetic, biological, psychological,
social traits, electronic health records, and patient-reported outcomes)
to distinguish disease subtypes, develop individualized clinical decision
support, and predict patient responses.

o Identify new and rapidly evolving tools and technologies with potential
to significantly advance research, diagnosis, and treatment of TMDs.

* Identify opportunities and challenges for development, dissemination, and
clinical implementation of safe and effective clinical treatments for TMDs,
including pharmacological agents, regenerative medicine, behavioral inter-
ventions, and complementary and integrative approaches.

* Identify scientific and clinical disciplines needed to advance TMD science
and the development, dissemination, and implementation of safe and effec-
tive treatments, as well as strategies to enhance education and training in
these disciplines.

* Identify multidisciplinary/interdisciplinary research approaches necessary
in the short and long term to advance basic, translational, and clinical
TMD research and to improve the assessment, diagnosis, treatment, and
management of TMDs.

COMPLEXITY OF TMDs

The TMJs and associated structures are critically important to the func-
tion of the face, head, and entire human body. Not only do the movements
of this joint support the survival functions of eating, drinking, breathing,
and speaking, but facial movements are also essential for expressing human
feelings and emotions.

The TM]Js are among the most frequently used joints in the body,
often opening and closing approximately 2,000 times daily (Hoppenfeld,
1976; Magee, 1999). Facial expression is critical for self-esteem and
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self-identification as well as for expressing essential human emotions, such
as joy or sadness, which form the basis for interpersonal interactions. All of
these activities, ranging from the most demanding of chewing to the most
subtle of breathing, require healthy functioning of both the TM]Js and asso-
ciated tissues. During joint movement, the two TM]Js act through parallel
efforts to move the semi-rigid jaw and connect the mandible to the temporal
bone of the skull (see Chapter 2 and Appendix D).

The complexity of the varied conditions that are included in the set
of disorders known as TMDs has been a challenge for individuals with a
TMD, their family members, health care professionals,! and researchers.
Although these disorders have sometimes been lumped together as one entity
(with terms such as temporomandibular joint disorder), recent efforts have
focused on emphasizing that this is a set of disorders (see Chapter 2), and
therefore that there is no one treatment or one care pathway for TMDs—one
“size” does not fit all. Upon being diagnosed with a TMD, the goals are for
each patient to know the specific type of disorder (or multiple TMDs) that
he or she has and to be provided with an appropriate treatment plan specific
to that diagnosis. The challenge (as described in Chapter 5) is that the evi-
dence base for matching a specific treatment (or group of treatments) with a
specific diagnosis is not yet fully developed so that in some cases, particularly
for chronic conditions, much remains to be learned. While a small number of
abnormalities of the TM]J require specific surgical operations to correct, the
majority of TMDs have diffuse symptoms and may not respond predictably
to one specific intervention. As discussed in Chapter 3, much also remains to
be learned about the prevalence of specific TMDs.

The committee uses the broad definition of TMDs as a set of diseases
and disorders related to alterations in the structure, function, or physiology
of the masticatory system and that may be associated with other systemic
and comorbid medical conditions. The term “TMDs” is used as an um-
brella term to encompass disorders that can range from muscle or joint
pain to joint disorders (including hypomobility or hypermobility of the
joint) to joint diseases (including osteoarthritis) (see Chapter 2). The pain
associated with TMDs can range from none to severe high-impact pain.
TMDs can range from a single isolated condition to multi-system involve-
ment and can be associated with other comorbid and systemic disorders
and overlapping pain conditions (e.g., fibromyalgia, back pain, headache,
irritable bowel syndrome, inflammatory arthritis). Emphasizing the plural-
ity of conditions is important. TMD is not a single diagnosis, but requires

I'The committee uses the term “health care professionals” throughout the report to encom-
pass all persons working in multiple health care fields including medicine, dentistry, nursing,
physical therapy, dietary health, speech therapy, behavioral health, and complementary and
integrative health.
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further diagnostic work to identify the specific disease or disorder and the
appropriate type of treatment. These issues are expanded on in Chapter 2.

CHALLENGES IN CARE: PATIENT EXPERIENCES

The committee greatly benefited from the input of individuals with a
TMD and family members, many of whom face significant day-to-day chal-
lenges in living with a TMD. These challenges include difficulties in eating,
in personal and social interactions, and in talking, which are often accom-
panied by severe ongoing pain. The committee received input from more
than 110 individuals through in-person and online opportunities to testify
at the committee’s public workshop (see Appendix A) and through written
submissions to the study’s public access file.2 Among the many issues raised
in these testimonies, several focused on the health care system and the care
of individuals with a TMD. In particular, many individuals with a TMD or
their family members commented on:

* Lack of coordinated care and abandonmenit—Individuals reported
that they were often shuffled back and forth between clinicians in the
medical and dental fields with little to no attention paid to a compre-
hensive approach to coordinated care. Patients also reported being
abandoned by their dentists and other clinicians when the treatments
did not work, with no referrals or other options provided.

* Over-treatment/harmful treatment—Many patients reported on hav-
ing endured multiple TMD-related surgeries (in some cases more
than 20), often with no resolution to their pain or with worsening
symptoms. Other individuals reported that they had not had surgery
but had had a removable oral appliance, orthodontic correction
of the teeth, replacement of teeth, or some combination of these
treatments.

» Impact on quality of life—Individuals with a TMD described how
having a TMD has profound impacts on the quality of their day-to-
day lives, from struggling in pain to kiss a loved one to challenges
in dining out with friends or simply eating solid foods. Some indi-
viduals noted that the disorder affected their ability to work and to
care for their families. Many described challenges in dealing with
the emotional consequences of their condition and its treatment and
with the episodic or ongoing pain that they experience.

* Expense—The financial burden of seeking and receiving care for a
TMD was noted by individuals and family members. Some people

2The study’s public access file is available through the National Academies Public Access
Records Office (paro@nas.edu).
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said that they had received limited insurance coverage, but for the
most part, the coverage was paid out of pocket by the individual at
costs of up to tens of thousands of dollars.

* Identifying qualified health care professionals—Individuals with a
TMD and their families often expressed their frustration at not
knowing where to turn for quality care. Primary care and internal
medicine clinicians and general dentists often did not know how to
help them locate qualified specialists. Patients were highly aware
of the temporomandibular joint implant failures of the 1970s and
1980s and conveyed their concerns about the lack of quality treat-
ment options for TMDs. Additionally, they noted that misleading
advertising practices—in which clinicians claim to be experts but do
not have the proper experience or evidence-based practices—further
complicate access to quality care.

* Comorbidities—Many individuals with a TMD noted challenges
with comorbid conditions including fatigue, widespread pain, fibro-
myalgia, depression, anxiety, and arthritic conditions.

Throughout the report, the committee has included a number of quotes
excerpted from the testimony provided both by individuals with a TMD
and by family members who consented to share their words in the hopes of
moving this field forward and improving the prevention and care of TMDs.

This brief overview highlights only some of the challenges that continue
to be faced by individuals with a TMD and by clinicians in diagnosing
TMDs and identifying appropriate care for them. A part of the history of
the treatment of TMDs centers on the synthetic implants often used from
the late 1960s to early 1990s to replace the condyle, fossa, and articular
disc of the TM]J (Myers et al., 2007). Many of these implants were either
recalled by the Food and Drug Administration or voluntarily withdrawn
from the market after they caused a range of adverse health outcomes in-
cluding severe pain and functional joint impairment (see Chapter 5).

Patients have played and continue to play a major role in bringing
attention to the need to advance the understanding of and ability to treat
TMDs. The TM]J Association was founded in 1986 and is the major patient
advocacy organization working on these issues and advocating for further
research efforts and improvements in care in addition to providing support
for individuals with a TMD and their family members (The TM] Associa-
tion, 2019a). The TM]J Association has worked with patients, federal agen-
cies, researchers, clinicians, and manufacturers to develop and implement
the TMJ Patient-Led RoundTable, a public—private collaboration working
through the Medical Device Epidemiology Network (Kusiak et al., 2018),
and it has organized a series of scientific conferences (The TMJ Association,
2019b). Other patient advocacy groups working on chronic pain issues
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include the American Chronic Pain Association, U.S. Pain Foundation, and
Chronic Pain Research Alliance.

IDENTIFYING THE APPROPRIATE MODEL
FOR TMD CARE AND RESEARCH

Because TMDs are not one disorder or disease, patients vary consider-
ably in their initial complaints and in the type of health care professional
from whom they first seek care. Also for this reason, neither the dental nor
the medical model of care alone truly fits the needs of many TMD patients.
The committee supports a biopsychosocial model of TMDs that is inter-
disciplinary and can be used across medicine and dentistry to focus on the
total person’s health and well-being (see Chapter 6). The biopsychosocial
model of pain provides a comprehensive heuristic for understanding and
managing pain (Gatchel et al., 2007). It assumes that pain and its associated
disability are the result of complex and dynamic interactions among physi-
ological, psychological, and social factors that can maintain and amplify
pain and disability. The use of a biopsychosocial model (see Figure 1-1)
brings together the biological, psychological, and social influences and
determinants of health and aims for a comprehensive approach to patient
care (Engel, 1977). This model highlights the range of factors and inter-
actions that may need to be considered in the care of individuals with a
TMD. The diversity of concerns and symptoms often means that an inter-
professional approach spanning dentistry and multiple fields of medicine
is required to ensure that a TMD receives appropriate diagnosis and treat-
ment. While many disorders and conditions benefit from a biopsychosocial
model, TMDs provide a unique opportunity to explore the bridging of
medical and dental models of care to benefit individuals.

The dental model of care is focused primarily on the physical restora-
tion of the normal anatomy and movement of the facial structures, teeth,
and bite. In the past TMDs were often viewed by patients and health care
professionals as primarily within the scope of dental practice. Conse-
quently, alterations to the occlusion as well as intraoral appliances (often
termed mouth guards or oral splints) have frequently been the starting
point in dentistry for addressing pain or other concerns related to TMDs.
Patients who do not experience relief with these measures may be referred
to an oral and maxillofacial surgeon for an escalation of care. Oral and
maxillofacial surgeons are dental specialists, often with medical degrees
and extensive surgical training, with a focus on the surgical restoration of
facial anatomy and function. Historically, however, this referral pathway
within dentistry has led to a focus on interventions intended to restore
altered facial joint anatomy. An improved understanding of TMDs has led
to the realization that an expanded care model is necessary to provide the
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FIGURE 1-1 Biopsychosocial model of TMDs that illustrates some of the numerous
biological, psychological, and social factors that can affect the health and well-being
of an individual with a TMD.

holistic treatment that is often required to treat this disorder effectively
and that non-intrusive treatments are considered the first approach in
most cases.

The biomedical model of care generally focuses on assessing for a pos-
sible pathophysiology of the disease or disorder and identifying a treatment
or care plan to alleviate or fix that problem. For TMDs, primary care clini-
cians may be less sure about the diagnostic approaches and the array of
disorders requiring referrals to a specialist or specialists depending on the
specific disorder. Orthopedics and rheumatology are among the specialties
to which joint disorders are typically referred, for example, but historically
patients with TMDs have generally not been referred to these specialty
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areas. There is not a specific medical home for TMD care, particularly for
individuals with complex cases. Many health fields are relevant for the care
of patients with a TMD, including pain management, physical therapy,
behavioral health and clinical psychology, chiropractic care, and integrative
medicine. Specific dental and medical specialties need to take or share the
lead in TMD care (see discussion in Chapter 6).

KEY THEMES

The committee’s work focused on a set of key themes (listed below) that
have as their basis the core goals of health care developed in the Institute
of Medicine’s (IOM’s) 2001 report Crossing the Quality Chasm: The New
Health System for the 21st Century (IOM, 2001; see Box 1-2). The com-
mittee also drew on the work of the IOM’s 2011 report Relieving Pain in
America: A Blueprint for Transforming Prevention, Care, Education, and

BOX 1-2
Health Care Goals

Health care should be
Safe—avoiding injuries to patients from the care that is intended to help them.

Effective—providing services based on scientific knowledge to all who could ben-
efit and refraining from providing services to those not likely to benefit (avoiding
underuse and overuse, respectively).

Patient-centered—providing care that is respectful of and responsive to indi-
vidual patient preferences, needs, and values and ensuring that patient values
guide all clinical decisions.

Timely—reducing waits and sometimes harmful delays for both those who receive
and those who give care.

Efficient—avoiding waste, including waste of equipment, supplies, ideas, and
energy.

Equitable—providing care that does not vary in quality because of personal
characteristics such as gender, ethnicity, geographic location, and socioeconomic
status.

SOURCE: IOM, 2001.
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Research (IOM, 2011), the National Pain Strategy (HHS, 2016), and the
Federal Pain Research Strategy (IPRCC, 2017).

For this report on TMDs, the committee focused on the following key
themes:

* Recognize the spectrum of TMDs across medicine and dentistry.
TMDs are a complex, heterogeneous, multifactorial set of disorders
with varying treatments depending on the specific disorder. Depend-
ing on the specific type of TMD and its course, an interdisciplinary
approach to care is often needed that includes multiple health care
clinicians across medicine, dentistry, physical therapy, behavioral
health, and integrative health.

* Empbhasize person-centered care. The complexity of TMDs and the
frequency of other comorbid health conditions necessitates an ap-
proach to care that focuses on the total health and well-being needs
of each individual; accomplishing that principle requires adequate
time for assessment and discussion with the patient.

* Ensure careful diagnosis and avoid harm. Diverse opinions and
approaches to practice within the dental community and the lack of
widely adopted evidence-based care pathways? have led to poor treat-
ment outcomes and overly aggressive treatment for many individuals
with a TMD. Despite the best intentions of many dentists, this lack of
applying non-intrusive treatment methods as the first step in treatment
has often harmed individuals. Due to the complexities of TMDs, the
committee urges an emphasis on prevention strategies, correct diag-
nosis, and thoughtful evidence-based treatment approaches.

* Foster an interdisciplinary approach to TMD care. Many areas of
medicine, dentistry, nursing, behavioral health, physical therapy, and
integrative health, as well as other health fields, contribute to TMD
research and care of individuals with a TMD. Going beyond tradi-
tional silos and bridging the gaps between professions will be the
key to making progress, as will be education and training for those
individuals in TMD research and care.

* Explore the numerous research horizons. Significant opportunities
are available for research across many fields of medicine, dentistry,
other health sciences, and other areas of science to gain a better
understanding of the mechanisms underlying TMDs, develop an
evidence base for care, and improve the implementation of best
practices of care for individuals with a TMD.

3In this report, evidence-based care is defined as care that uses current best evidence from
well-designed studies, clinician expertise, and patient values and preferences in the care of
individual patients and the delivery of health care services.
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ORGANIZATION OF THIS REPORT

This report covers the breadth of the committee’s Statement of Task
and the multiple aspects of the complexity of TMDs (see Figure 1-2).

Communication
and Education

Needed for and among
patients, family members,
and health care
professionals

Etiology Prevention
: : Lack of evidence on effective
Many potential causes and risk . i
PR prevention measures (primary,

secondary, and tertiary)

Complexity
of TMDs

Umbrella term for
multiple disorders
(see Figure 2-1)

Medical/Dental
Divide
Fragmented care and
insurance systems

Comorbid Disorders

Often experienced
with other ongoing disorders

Research

Epidemiology

Numerous research avenues but
limited funding and coordination

Limited data on extent, costs,
and impacts of TMDs by age,
sex, and ethnic groups

Treatments

Standards of care and pathways
of coordinated care needed

FIGURE 1-2 Multiple aspects of TMDs and the efforts needed to improve TMD care.
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In Chapter 2 the committee explores the definition and scope of TMDs,
and in Chapter 3 it delves into what is known about the burden and costs
of TMDs, with a focus on population-based studies. The broad scope and
spectrum of research on TMDs is discussed in Chapter 4, including discus-
sions on new horizons for TMD research. In Chapters 5 and 6 the care of
individuals with TMDs is the focus, with discussions specific to improving
the quality, access, and value of TMD care. Professional education and
training are discussed in depth in Chapter 6, with an emphasis on health
professional education. Raising awareness and increasing knowledge about
TMDs for patients and for the general public is the focus of Chapter 7,
with key messages identified. The report concludes in Chapter 8 with the
committee’s recommendations for the short- and long-term actions that are
needed to improve the health and well-being of individuals with a TMD.
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Definitions and Scope: What Are TMDs?

Because of the severity of the pain it is sometimes impossible to eat or to
talk. The pain from simply smiling can reduce me to tears. As you can
imagine this severely cuts into my interactions with others. I cannot work.
I cannot go to social events like Sunday morning church service. For those
who know me you know how I love to laugh and gab and sing. 1 can no
longer do this, the pain is often too much. 1 have become very depressed.

—DBetty

The masticatory system supports many functions vital to human health
and well-being, including chewing, drinking, speech, and facial and emo-
tional expression. Disorders of the masticatory system (generally termed
temporomandibular disorders, or TMDs) involve the muscles of masti-
cation (chewing), the temporomandibular joints (TM]Js), and associated
nerves and tissues (see Appendix D). Important outcomes of changes in
the functioning of the masticatory system may include a reduction in the
ability to use the jaw, ongoing pain, or many other subsequent impacts on
an individual’s overall quality of life. These changes to the quality of life
can include a decrease in the pleasure that one obtains from eating and
an alteration in eating behaviors, not just in what is consumed but also in
where, when, and with whom a person eats. Such changes affect the indi-
vidual’s work and social life. Also, while much more needs to be learned
about the impact of TMDs and orofacial pain on people’s lives, the evi-
dence is clear that cultural, geographic, socioeconomic, and gender factors
contribute to the impact of altered masticatory function on an individual’s

31
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self-image, health, and well-being. This report focuses on the impact that
TMDs can have on many aspects of a person’s health and well-being, which
go well beyond the face and jaw. Many TMDs are multi-faceted and need
interdisciplinary attention from clinicians in medicine, dentistry, and other
health care fields. The goals of this chapter are to describe the complexities
underlying TMDs and to establish the terminology and classification frame-
work that will be used in the remainder of this report. The chapter discusses
the scope, definitions, assessments, and classification of the disorders.

TERMINOLOGY: WHAT TERM SHOULD BE
USED FOR THIS SET OF DISORDERS?

The musculoskeletal structures of the masticatory system and the neu-
rological structures that control a wide diversity of functions are complex,
and much about them remains to be investigated (see description of the
anatomy in Appendix D and research directions discussion in Chapter 4).
Additionally, the cervical system has a critical role in both the normal and
abnormal functioning of the TM]J. As detailed in the overview of the his-
tory of the terminology (see Box 2-1), the labeling of the group of disorders
affecting the masticatory system has varied across the years, reflecting the
complexity of the disorders and adding to the confusion regarding what is a
disorder, how the disorder should be treated, and by whom. These problems
continue to the present.

This report follows the recommendations of the research community—
as well as of the consensus report from the American Dental Association
in 1983—and uses the term “temporomandibular disorders” (Laskin et al.,
1983). TMDs are defined as a set of diseases and disorders that are related
to alterations in the structure, function, or physiology of the masticatory
system and that may be associated with other systemic and comorbid medi-
cal conditions. The committee emphasizes the multiple disorders that are
encompassed by the umbrella term TMDs and the multiple causes of these
disorders. Emphasizing the plurality of the conditions is important, as there
are more than 30 individual TMDs (see discussion later in this chapter).
The committee emphasizes that the single term “TMD” should only be used
when referring to a specific TMD, such as myofascial pain of the mastica-
tory muscles. It is important to note that neither “TMD” nor “TMDs” is
a diagnostic term. Each condition, as based on the most current full tax-
onomy, has established diagnostic criteria, and the validity of the criteria
range from untested, to tested and poor, to tested and excellent. “TMD”
is not a single diagnosis but requires further diagnostic work to identify
the specific disorder—or disorders—that an individual is experiencing, the
potential involvement of multiple body systems and comorbid conditions,
and the appropriate approaches to treatment or management. Patients often
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DEFINITIONS AND SCOPE

BOX 2-1
Overview of the Evolution of the Terminology

The terminology used to describe temporomandibular disorders (TMDs) has
generally been associated with the prevailing ideas at the time on the causes of
the disorders. The first known published observation, in 1887, of a masticatory
system disorder identified internal derangements—an altered position of the disc
in the temporomandibular joint (TMJ)—in an anatomically descriptive manner
consistent with current knowledge (Annandale, 1887). However, a 1934 case
series concluded that the ear symptoms being examined were due to the ill-fitting
height of the patient’s removable dentures, resulting in a disturbance of the TMJ;
the proposed treatment was to change the size of the dentures in order to alter
the position of the TMJ condyle relative to the ear structures (Costen, 1934). By
1948, however, it had been determined that an underlying anatomical basis for
those proposed mechanisms did not exist (Sicher, 1948). Nevertheless, the seem-
ing importance of the TMJ in this newly discovered class of disorders quickly led
to the dominance of terms such as “TMJ syndrome” (Klasser and Greene, 2009),
later shortened to “TMJ” by the early 1950s, and established the clinical justifica-
tion for therapy to be based on alterations to the occlusion (the way the teeth meet
when the lower jaw and upper jaw come together) in general. Later, the focus on
the occlusion included attention to minute aspects of occlusion as the cause for
otherwise unexplained ear and facial pain symptoms (Molin, 1999).

The TMJ terminology was furthered in the book TMJ Pain Dysfunction Syn-
drome, published in 1956, which ironically focused not on the joint, but on the
muscles as the source of the symptoms and identified multi-causal mechanisms,
which pointed attention away from the joint itself (Schwartz, 1956). However,
the use of TMJ in the title of that syndrome perpetuated the profession’s focus
on the joint. Shortly thereafter, occlusal equilibration (a dentist-made change to
the chewing surfaces of the teeth in order to change how they fit together) was
strongly advocated as the treatment for problems affecting the TMJ (Shore, 1959).
Apparent supporting data for the role of the dental occlusion in TMDs appeared
by the 1960s (Ramfjord, 1961a). This study proved to be influential to the clinical
practice of dentistry and to the view that structural change of the occlusion was
necessary for treatment of masticatory system disorders. While this study has
been cited many times in support of occlusal treatment for sleep bruxism or for
jaw pain, only seldom (e.g., Skarmeta, 2017) is its anecdotal nature highlighted
in the literature: there is no causal evidence from this study because it had no
control group. Other studies regarding the relationship between occlusal equili-
bration and TMDs are case series (e.g., Racich, 2005, 2018) and do not provide
causal evidence (Mohlin and Kurol, 2003; Skarmeta, 2017). This continues to
be a pressing and controversial issue in the treatment of TMDs (see Chapter 5).

The lack of an evidence basis underlying the assumptions that TMDs were
based on either the jaw joint or the dental occlusion was countered in the late
1960s by a psychophysiological model that blended behavior with physiology and
emphasized that these disorders represent changes in function rather than struc-
tural changes (Laskin, 1969). This model suggested that perceived stress led to

continued
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BOX 2-1 Continued

behavioral responses in the form of oral habits such as tooth clenching and that
such oral habits led to muscle fatigue and myospasm; the myospasm, in turn, led to
pain as well as changes in the occlusion and alterations in chewing pattern, which
together contributed to perpetuation of the problem. This model, the myofascial
pain dysfunction syndrome, is largely consistent with the current understanding of
masticatory system pathophysiology (Murray and Peck, 2018). Subsequent well-
designed experimental studies across a broad range of putative interventions pro-
vided support for the psychophysiological aspect of the model (Greene et al., 1969,
1982a,b; Greene and Laskin, 1971, 1974, 1983). This model was not well received
by the dental profession, as judged by the subsequent reviews that highlighted the
persistent bias in the dental literature that has focused on the mechanistic perspec-
tives despite the absence of supporting evidence for those perspectives (Greene,
1981, 1983; Clark et al., 1999; Greene and Obrez, 2015).

In response to the confusion regarding the nature of the masticatory system
disorders as well as increasing contentiousness within the practicing dental pro-
fession, in 1983 the American Dental Association (ADA) published conference-
based guidelines that summarized both science and opinion (Laskin et al., 1983).
One major and highly useful outcome of that conference was the establishment
of the term temporomandibular disorders (TMDs) as the umbrella for the differ-
ent disorders. This change implicitly (though not explicitly) established an early
diagnostic tree comprised of multiple disorders, the possibility for multiple overlap-
ping diagnoses, and the need to improve the quality of diagnosis. The science
regarding TMDs at the time of the ADA publication was just developing, whereas
the prevailing opinion in the profession was strong; consequently, the mix of sci-
ence and opinion in the published ADA guidelines placed opinion on a relatively
even plane with the science, thereby communicating, perhaps unintentionally, to
the profession that clinical opinion was an adequate form of evidence on which
to base diagnosis and treatment. A focus on the structural causes of TMDs, even
in the midst of a dearth of evidence, continues to be reflected in current practice
and in treatments aimed at restoring the occlusion to an idealized configuration
that had little to no supporting evidence at the time and which still lacks evidence
(Solberg et al., 1972; Clarke, 1982; Zarb and Mohl, 1988; Seligman and Pullinger,
1991; Schiffman et al., 1992; Pullinger et al., 1993; de Boever et al., 2000a,b;
Magnusson et al., 2000; Tallents et al., 2000; Fuijii, 2002; Egermark et al., 2003;

present with more than one TMD as well as comorbid health conditions
(see Chapter 3).

The use of the term “TMDs” should not be construed to reflect
less attention by this committee on the importance of the TM] and the
mechanical problems involving the TM]J that lead to functional limitations,
as compared with TMDs that are primarily characterized by pain and that
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Mohlin and Kurol, 2003; Fricton, 2006; Suvinen and Kemppainen, 2007; Cairns
et al., 2010; Turp and Schindler, 2012).

Another potential structural cause for TMDs has centered on the articular disc.
By the early 1980s displacements of the TMJ disc were widely viewed within
the clinical profession as a necessary and sufficient pathophysiological basis for
persistent facial pain. The mechanistic solution, like that of treating abnormalities
in the dental occlusion, was to relocate the disc (via intraoral appliances or TMJ
surgery) to its anatomically normal position or to replace the disc with an implant.
The impact of disc repositioning and replacement procedures on pain, however,
was disappointing, in part because of insufficient evidence that the treatment
achieved its goal of returning joint morphology to normal, and in part because of
substantially increased treatment needs via orthodontic repositioning of the teeth
or extensive prosthetic restoration following such disc repositioning, and with no
evidence that this long and expensive process was successful and biologically jus-
tified. Most importantly, the impact of disc replacement procedures was filled with
complications from poorly planned or executed procedures that were devastating
for some patients (Dolwick and Dimitroulis, 1994). Further studies emphasized
that surgical correction of internal derangements as a treatment for pain may
not be warranted (Emshoff et al., 2003). Additionally, a number of implants were
recalled after causing significant damage to many patients (see Chapter 5).

While progress was being made in understanding the TMD pain disorders,
particularly highlighted by the publication of the Research Diagnostic Criteria
for Temporomandibular Disorders in 1992 (Dworkin and LeResche, 1992), the
absence of progress with the mechanical joint disorders and their associated
pain led to modifying the term TMD to become temporomandibular joint disorders
(TMJDs) by the 1990s as a means to focus greater attention on the joint. The
obvious consequence of ignoring muscles and their disorders, arguably far more
prevalent compared to mechanical joint problems, was to modify the umbrella
term yet again to temporomandibular joint and muscle disorders (TMJMDs).

The profusion of terms, including the continued use of TMJ as well as TMD,
TMJD, and TMJMD across multiple levels of the profession within the United
States (but importantly, not used internationally to any great extent), confused cli-
nicians, academicians, and patients. The use of TMJMDs to identify both muscle
and joint disorders brought the discussion back full circle, as that was exactly the
intent of TMD when it was established by consensus in 1983. The international
academic research community continues to use the term TMDs (Ohrbach et al.,
2010b), and TMDs is the term used in this report.

have received far more research attention and have, as a result, seen much
more progress to date (Ohrbach and Dworkin, 2016).

Conclusion 2-1: Multiple disorders are encompassed by the terms

“temporomandibular disorders” or “TMDs.” The committee
defines TMDs as a set of diseases or disorders that are related to
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alterations in structure, function, or physiology of the mastica-
tory system and that may be associated with other systemic and
comorbid medical conditions. TMDs can be usefully separated
into two groups: the common TMDs with validated diagnostic
criteria and the uncommon TMDs that do not yet have validated
diagnostic criteria due to the challenges of conducting research on
rare conditions. When possible, a patient’s diagnosis needs to be
focused on the specific TMD or TMDs. “TMD” should not be used
as a diagnostic term. An individual patient may have more than
one TMD and may also have comorbid conditions.

DIAGNOSTIC CRITERIA TO CATEGORIZE TYPES OF TMDs

Substantial efforts have been made to categorize the multiple types of
TMDs and to develop validated diagnostic criteria. Additionally, attention
has been given to exploring how the types of TMDs that are painful fit into
broader categorizations of orofacial pain disorders. The following section
provides a brief overview of the history of the categorization systems; more
details are available (Ohrbach and Dworkin, 2016). Notably across this his-
tory the same dominant symptoms and signs of a small number of TMDs
are seen in the general population and in those individuals seeking care.
It is the manner in which those symptoms and signs are interpreted that
changes across time and settings. These disorders are discussed in greater
detail below. In addition to the categorizations developed by clinicians and
researchers, patients often develop their own perspectives in their attempts
to understand the disorder from the lived experience. Many of the patient
quotes in this report highlight some of those disease perspectives.

Overview of the History of Categorization
and Diagnostic Criteria for TMDs

1950s to 1980s

Diagnosis of TMDs between the 1950s and the 1980s followed sev-
eral pathways. The TM]J syndrome approach (discussed in Box 2-1) tied
the diagnosis specifically to various occlusal features. However, this was
not found to be a workable approach for diagnosis because “abnormal”
occlusal features can be found in most individuals (Proffit et al., 2013).
A second pathway required appropriate history-taking coupled with an
examination restricted to those parts of the masticatory system central to
the disorder definition in order to determine if myofascial pain dysfunction
syndrome was present; this pathway, resembling medical management, was
less familiar to most dentists. In either of these first two approaches, there
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was one diagnosis. A third pathway focused on the position of the TM]
disc, which led to two different diagnostic and treatment approaches. One
involved a focus on TM] surgery to repair or replace the disc. However,
problems were identified with joint implants, and many patients experi-
enced serious adverse effects from those implants (see Chapter 5). The
second approach classified individuals based on the nature of the occlusion
and its purported effects on the position of the clicking disc and the bony
TM]. This approach led to extensive (and often very expensive) orthodontic
and prosthetic treatments in order to alter the occlusion (Bellavia and
Missert, 1985; Laurell, 1985; Lundh et al., 1985; Kurita et al., 2001). A
retrospective assessment of disc repositioning treatments clearly indicates
that it was an unnecessary intervention (Greene and Obrez, 2015).

By the late 1980s, nine different published categorization systems had
emerged for the diagnosis of TMDs. One evaluation of these systems used
the following criteria: methodological considerations (sampling method,
research suitability, and inter-rater reliability of clinical evaluation), diag-
nostic validity (specificity, inter-rater reliability of diagnosis), and clinical
considerations (biological plausibility, exhaustive diagnostic framework,
provision for multiple diagnoses, and clinical decision making) (Dworkin
and LeResche, 1992). None of the evaluated systems met the criteria re-
quired of a diagnostic system.

Research Diagnostic Criteria for Temporomandibular Disorders and
Initial Guidelines from the American Academy of Orofacial Pain

In 1992 the Research Diagnostic Criteria for Temporomandibular Dis-
orders (RDC/TMD) was released (Dworkin and LeResche, 1992). This
effort, which was supported by funding from the National Institutes of
Health, was based on the biopsychosocial model of health and disease and
relied on epidemiological data. The RDC/TMD incorporated a dual axis
system: Axis I focused on clinical history and physical examination find-
ings in support of non-overlapping diagnoses, and Axis II focused on pain
parameters, mandibular jaw function, psychological status, and the level
of psychosocial function (Dworkin, 2010). This approach used strongly
operationalized criteria in order to facilitate inter-examiner reliability, and
it allowed for the provision of multiple diagnoses. The RDC/TMD was
developed to provide an instrument to be used in epidemiological, obser-
vational, and clinical trials research (Dworkin, 2010). Use of the dual-axis
system with TMDs was considered controversial by clinical dentists at the
time of publication, but, in the intervening years, the dual-axis approach
has become more accepted within dentistry and has become a model for
other pain classification systems (Garofalo and Wesley, 1997; Deyo et al.,
2014; Ohrbach and Dworkin, 2016).
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Three critical characteristics of the RDC/TMD were apparent subse-
quent to the 1992 publication. The first was the recognition that continued
research was needed in order for this descriptive classification system to
evolve. The second was that the RDC/TMD was not intended to be either
inclusive of all TMDs or self-sufficient with regard to differential diagno-
sis requirements for distinguishing a potential diagnosis of a TMD from
other diagnoses. And the third was that only the more common TMDs
were included in the RDC/TMD because the prevalence of the uncommon
TMDs was so low as to preclude effective research at a single clinic. The
assessment and diagnostic reliability of the RDC/TMD was found to be ac-
ceptable (Lobbezoo et al., 2004; John et al., 2005; List et al., 2006; Look
et al., 2010), but the diagnostic validity needed to be evaluated. The latter
required clear decision rules for non-overlapping diagnoses.

Also during the early 1990s the American Academy of Orofacial Pain
developed a clinical diagnostic system that aimed to be comprehensive of
all the known TMDs. Disorders were defined in an inclusive manner of
multiple features, and a diagnosis was based on presence of any of those
features. However, the system was hampered by several problems that
limited its validity.

Diagnostic Criteria for Temporomandibular Disorders (DC/TMD)

In 2001 a major multi-site assessment of the RDC/TMD was initiated
(funded by the National Institute of Dental and Craniofacial Research),
which led to published outcomes, a public symposium in 2008, and an
international consensus workshop in 2009 (Ahmad et al., 2009; Anderson
et al., 2010; Dworkin, 2010; Haythornthwaite, 2010; John, 2010; List and
Greene, 2010; Lobbezoo et al., 2010; Look et al., 2010; Ohrbach et al.,
2010a; Schiffman et al., 2010a,b; Stegenga, 2010; Truelove et al., 2010).
The workshop was led by the International RDC/TMD Consortium Net-
work of the International Association for Dental Research (now named
INfORM [International Network for Orofacial Pain and Related Disorders
Methodology]) and the Orofacial Pain Special Interest Group of the Inter-
national Association for the Study of Pain (IASP), along with individuals
representing a range of specialty areas. The working groups expanded and
refined the TMD taxonomy, and their work led to the eventual publica-
tion in 2014 of the Diagnostic Criteria for Temporomandibular Disorders
(DC/TMD) (Schiffman et al., 2014b), which maintained or improved all
of the foundational principles underlying the RDC/TMD for the common
TMDs. The Axis II assessment procedures were expanded and improved.
The DC/TMD delineates 12 disorders, each based on clearly defined crite-
ria; each criterion is well operationalized with regard to the required clinical
procedures (Ohrbach et al., 2014), which permits reliable classification with
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known validity for 10 of those disorders. DC/TMD-relevant interpretation
of any indicated imaging is also available (Ahmad et al., 2009). To date,
no other diagnostic approach for TMDs exhibits these characteristics of an
integrated system for classification. Few other diagnostic systems for TMDs
clearly identify and operationally define psychosocial constructs relevant
to pain that need to also be assessed. While weaknesses of the DC/TMD
are subsequently discussed, the importance of such a system cannot be
overstated at this stage in the development of yet better diagnostic methods
and more effective treatments. The literature and the Internet contain an
abundance of diagnostic “classification systems” for TMDs (some of which
are briefly summarized below), yet epidemiological data for incidence and
persistence, clear operationalization of criteria, coherence between criteria
and definition of the disorder, reliability, and validity are consistently miss-
ing from such systems.

Additional subsequent work has led to an updated and expanded
DC/TMD taxonomy for the other TMDs which are far less common.
Operationalizable criteria and clear decision rules, consistent with the defi-
nition, were created for each of these uncommon disorders.

In total—and depending on how one considers the disorders as orga-
nized in a hierarchical framework—more than 30 TMDs have been identi-
fied through the DC/TMD and expanded taxonomy. The criteria continue
to be evaluated through ongoing research efforts. The resulting classifica-
tion of the full set of TMDs is depicted in Figure 2-1 and encompasses the
range of muscular, joint, headache, and other disorders that are considered
TMDs. Other extensions of the DC/TMD include the:

* American Academy of Orofacial Pain’s Guidelines for Assessment,
Diagnosis, and Management, now in its sixth edition, which includes
the expanded DC/TMD (de Leeuw and Klasser, 2018);

* International Classification of Orofacial Pain, which includes the
pain diagnoses from the DC/TMD into the broader pain taxonomy
developed by the TASP and merges with the International Classifica-
tion of Diseases, 11th Revision (ICD-11) (Benoliel et al., 2020); and

* ACTTION-APS' pain taxonomy, which has a specific focus on the
chronic painful TMDs (Ohrbach and Dworkin, 2019).

Since the initial review of TMD diagnostic systems in 1992, some of the
systems have persisted, and new diagnostic or patient classification systems
have emerged (reviewed in Klasser et al., 2018). Separate from the DC/TMD
and its extensions, these other systems have varying levels of evidence for

! Analgesic, Anesthetic, and Addiction Clinical Trial Translations, Innovations, Opportuni-
ties, and Networks (ACTTION) and American Pain Society (APS).
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Temporomandibular Disorders
Temporomandibular Masticatory Muscle
g p m Headaches
Joint Disorders Disorders
[ [ [
1. Joint Pain: 1. Muscle Pain: Headache Attributed to
« Arthralgia ¢ Myalgia a TMD
o Arthritis —Local myalgia
I — Myofascial pain f
2. Joint Disorders: — Myofascial pain L Associated
+ Disc Disorders* with referral Structures
. i + Tendonitis |
g?siordn;rosb'hty « Myositis |1. Coronoid Hyperplasia]
— Adhesions ¢ Spasm
— Ankylosis [
¢ Hypermobility |2. Contracture |
Disorders
- Dlslotl:atlons [3. Hypertrophy |
3. Joint Diseases: |4_ Neoplasm |
 Degenerative Joint [
Disease 5. Movement Disorders:
— Osteoarthrosis « Orofacial dyskinesia
— Osteoarthritis ¢ Oromandibular

¢ Systemic arthritides |
6. Masticatory Muscle Pain
Attributed to Systemic/
Central Pain Disorders:
e Fibromyalgia/
widespread

« Condylysis/ldiopathic
condylar resorption

« Osteochondritis
dissecans

¢ Osteonecrosis
¢ Neoplasm

[
|4. Fractures |
|

5. Congenital and
Developmental Disorders:
e Aplasia
¢ Hypoplasia

FIGURE 2-1 Expanded taxonomy for temporomandibular disorders.
NOTES: The highlighted disorders are the commonly seen TMDs and have vali-
dated diagnostic criteria. The other disorders occur much less commonly and only
have clinical criteria at present.

*Disc disorders are categorized as

* Disc displacement with reduction

* Disc displacement with reduction with intermittent locking

e Disc displacement without reduction with limited opening

e Disc displacement without reduction without limited opening
SOURCES: Peck et al., 2014; Schiffman and Ohrbach, 2016.
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diagnostic reliability and validity (as distinguished from technical reliability
and validity) (Wilkes, 1989; Pertes and Gross, 1995; Suvinen et al., 2005;
Woda et al., 2005; Okeson, 2008; Simmons and AACP, 2009; Benoliel
and Sharav, 2010; Stegenga, 2010; Cooper, 2011; de Silva Machado et al.,
2012; Monaco et al., 2017; AES, 2019; Piper, 2019). Further contributions
to the understanding of pain, clinical dysfunction associated with the mas-
ticatory system, diagnostic utility, and the biopsychosocial model applied
to TMDs are promising for some of the systems (Suvinen et al., 2005;
Woda et al., 2005; Benoliel and Sharav, 2010; Stegenga, 2010; de Silva
Machado et al., 2012; Monaco et al., 2017), while the others are character-
ized by little to no evidence or have been surpassed by other developments.
At present, only the DC/TMD (and its extensions) for the common TMDs
meets the diagnostic system criteria pertaining to methodological consid-
erations, diagnostic validity, and clinical considerations. Strong diagnostic
systems call for further validation research through self-evaluation as part
of planned future revisions.

Learning from Classification Approaches to Low Back Pain

An approach very similar to the DC/TMD has been taken for back
pain. A consensus task force appointed by the National Institutes of Health
Pain Consortium drafted standards for research on chronic low back pain
with three sets of recommendations (Deyo et al., 2014). The first part of the
recommendations of this task force focused on the classification of chronic
low back pain and the classification of the person with this disorder. The
recommendations included the following: operationalized criteria defining
chronic low back pain; classification by its impact; and a minimum set of
measures to characterize individuals with chronic low back pain, includ-
ing medical history, physical examination, diagnostic testing, self-reported
functional status, psychosocial factors, and mood disturbance. The second
part of the recommendations focused on best practices for outcomes mea-
sures. The third part of the recommendations focused on the projected
research by which the recommendations could be empirically evaluated.

Of particular relevance to this report, the task force on chronic low
back pain also identified a number of key principles underlying the struc-
ture of the recommendations:

* Guidelines should be evidence-based and incorporate a biopsycho-
social model of chronic pain.

* The absence of an identified pathology should not lead to the assump-
tion that the pain is psychological or somatoform.

* The classification should incorporate the impact of pain on function.

* A minimal set of measures should be routinely used.
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* The approach should be appropriate for population, observational,
and interventional research.

e The evaluation should include both biomedical and psychosocial
variables.

In addition, for further consideration, prognostic variables need to be
defined, and research standards should evolve.

It is worth highlighting that, in parallel with information accompanying
the DC/TMD framework, the report on chronic low back pain emphasized
the role of a practical and evidence-based diagnostic system in moving
forward to improve patient care and outcomes.

Next Steps for TMD Diagnostic Criteria

The diagnostic validity of the DC/TMD is excellent for painful TMDs,
excellent for subluxation, good for disc displacement without reduction
in the acute phase of limited jaw movement, and poor for other disc dis-
placements and degenerative joint disease, with the stated recommendation
within the DC/TMD to use appropriate imaging for the disorders that have
poor diagnostic validity when a definitive diagnosis is clinically required.
Further efforts to build on and improve the DC/TMD include:

* Better understanding of the orofacial pain disorders and how painful
TMDs (a type of musculoskeletal pain) fit within that broader set of
pain disorders (Benoliel et al., 2019);

* Better understanding of the interplay between pain mechanisms and
mechanical problems, such as disc displacement and degenerative
changes in the TM], and of where such pains fit into an orofacial
pain disorder classification;

* Exploring how to categorize the painful TMDs within the TASP
classification of similar pain disorders elsewhere in the body and
ensuring that the linkage to ICD-11 (and beyond) facilitates better
health care for TMDs (Benoliel et al., 2020);

* Highlighting the importance of chronic primary pain as a disorder
and implementing that in health care settings for early and rational
recognition of chronic TMDs (Nicholas et al., 2019); and

* Extending beyond the current two-axis (physical diagnosis, psycho-
social and functional status) approach of the DC/TMD, and inves-
tigating additional axes such as genomic classification, mechanisms,
and role of comorbid pain and general health problems, consistent
with current approaches to all chronic pain problems; such expansion
has implications for improved patient assessment, classification, and
management (Fillingim et al., 2014; Ohrbach and Dworkin, 2019).
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Efforts in the field of biomedical ontology—a field that develops frame-
works and terminology—are expected to clarify and enhance the under-
standing of what the disorders are and their diagnostic criteria (Ohrbach
and Dworkin, 2016). The differences in the diagnostic validity of the vari-
ous subtypes of TMD as defined in the DC/TMD indicate that changes will
likely be made to the current constructs within TMDs as more is learned
about the underlying pathology and pathophysiology of TMDs, so that the
defined disorders and their criteria can better represent the actual disease
processes. More clinical and basic research will be required to identify all
etiological processes that lead to TMDs and the pathological processes that
develop from them. However, care must be taken that the terminology used
to report such new insights is clear and at the correct level of detail. The
basic formal ontology outlined in the ISO standard (ISO, 2019) in particu-
lar may play an important role. Not only does the basic formal ontology
offer the vocabulary to represent the various biomedical entities involved
in TMDs at the necessary level of granularity, but it does so in a way that
the consequences are computable and predictable.

The joint disorders identified within the DC/TMD are disc displace-
ments and other degenerative changes in the joint that are based on decades
of research. The expanded DC/TMD adds another 14 joint disorders (Peck
et al., 2014), but collectively the group represents conventional approaches
to classification. The slow advances in understanding of disorders specifi-
cally of the TM] suggest that the current approach to classification warrants
further examination. For example, the attempted integration of tissue sys-
tems by Stegenga (2010) represents an obvious departure from the conven-
tional classification based on simple changes in the anatomy. Findings from
the RDC/TMD Validation Project point to possibly different constellations
of signs and symptoms for defining soft-tissue disorders (currently, inter-
nal derangements) and hard-tissue disorders (currently, degenerative joint
disease) (Schiffman et al., 2010a,b). Other approaches for the classification
of pain disorders rely on a hierarchical modeling of clinical and imaging
findings (Rudy et al., 1988, 1990).

Additionally, the central role of pain in persistent disorders of the TM]
may also be reconsidered in light of the primary findings from the Orofacial
Pain Prospective Evaluation and Risk Assessment (OPPERA) study regarding
the incidence of a painful TMD: TMDs seldom exist as isolated conditions
and that general indicators of poor health, including comorbid conditions,
increase the risk of developing a TMD (Slade et al., 2016). The implication
is that the biopsychosocial model needs to be fully used with complex con-
ditions such as TMDs, and one possibility is that the application of a full
biopsychosocial model with early TMDs could prevent persistent disorders of
the TM]J from occurring. Another possibility is that the medical and surgical
treatments used to date to deal with the progressive disorders of the TM]
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have had limited success because the treatment has been provided in a bio-
medical context rather that the biopsychosocial context, the latter pointing
to the simultaneous involvement of other forms of treatment.

For any advancements to occur, diagnostic test reliability, clear deci-
sion rules, and diagnostic validity are required before routine clinical use
can be considered. The evidence-based DC/TMD is appropriate for use in
both clinical and research settings for the common TMDs (Schiffman et al.,
2014b). However, the DC/TMD, and in particular the use of Axis II, is pres-
ently under-utilized in most relevant clinical settings (Visscher et al., 2018;
Sharma et al., 2019b). Looking ahead, a potentially more useful approach
will integrate joint neurophysiology, the complex biomechanics exhibited
by the TM], interactions of the peripheral and central nervous system, be-
havioral patterns, and longitudinal considerations such as life-course and
psychosocial factors that increase risk for onset, transition to chronicity,
and maintenance of chronicity—all of which bear on the status of the joint.
Finally, a useful diagnostic system for TMDs will need to integrate behav-
ioral, functional, biological, pharmacological, and surgical approaches to
therapy, and those approaches must be linked to the proposed diagnoses
if one is to fully understand the pathophysiology of these disorders and
identify realistic expectations for which form of therapy is appropriate for
which aspects of these disorders, and for which patient, given that psycho-
social factors are critical for the expression and course of pain.

At present, the DC/TMD classification of TMDs falls short with regard
to the additional considerations raised here, and more needs to be done to
facilitate the use of reliable and valid patient classification by clinicians. The
DC/TMD does fulfill the goal of classifying the most prevalent hard- and
soft-tissue disorders, and with suitable training for the use of these tools (as
with any new procedure that clinicians adopt) the DC/TMD is an excellent
tool within the scope of its design. The intent is to assist clinicians in iden-
tifying the pertinent disorder and selecting appropriate treatments based on
currently available information (where the clinical treatment studies use the
DC/TMD almost exclusively), and to at least do no harm via unnecessary or
inappropriately aggressive therapies. The widespread use of the DC/TMD
for patient classification in clinical trials research further points to the ben-
efits for clinicians to use the same tool, which would enhance transfer from
research to clinical practice.

Another limitation of the DC/TMD is its conventional approach to ana-
tomical separation into disorder groups. Further challenges center around
the assumption that diagnostic systems will embed etiology and pain and
disorder mechanisms, to the extent that such information is available.
While the OPPERA study (described in more detail in Chapter 3) has pro-
vided etiological information on the painful TMDs (Slade et al., 2013a,
2016; Meloto et al., 2019; Sharma et al., 2019b; Ohrbach et al., in press),
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an attempt to incorporate such information into a revised TMD diagnostic
system might be premature at this time.

Conclusion 2-2: The Diagnostic Criteria for Temporomandibular
Disorders (DC/TMD) provides the most thorough and accurate
diagnostic criteria for the most common types of TMDs. Addi-
tional work is needed on the diagnostic criteria for other types of
TMDs that are uncommon. Efforts to increase its utility to clini-
cians are priorities, including the brief DC/TMD assessment tool
that is currently in development. Widespread dissemination of
these tools, coupled with provision of training in order to maximize
the information yield from these tools, to general practice dentists
is needed; primary care clinicians need to be apprised of these
developments so that targeted referrals and appropriate expecta-
tions of good clinical practice will occur.

TYPES OF TMDs

Most masticatory system disorders fall into two groups: those associ-
ated with pain and those associated with functional or structural changes in
the TM]J (and which may also include pain) (Scrivani et al., 2008; Schiffman
et al., 2014a; Ohrbach and Dworkin, 2016). There has been substantial
research and thus knowledge about the first group. In contrast, knowledge
regarding the functional and structural changes in the TMJ lags (Ohrbach
and Dworkin, 2016), for reasons that are addressed throughout this report.
Each of these two major groups includes common disorders that account
for the majority of the complexity in diagnosis and treatment of the patient,
burden to the health care system, and controversy within the profession.
There is also a larger number of uncommon masticatory system disorders
about which less is known. The following descriptions highlight several
types of TMDs as indicated above in Figure 2-1; these descriptions use
readily agreed upon characteristics rather than specific diagnostic criteria.

As noted throughout this report, TMDs are often complex disorders
that can have multi-system components (described further below) and
multiple comorbid medical conditions. One patient often has multiple
diagnoses (e.g., myalgia and disc displacement), with substantial overlap
in history and impact. It is not unusual for the multiple diagnoses of myo-
fascial pain, arthralgia, disc displacement with reduction, and headache
attributed to a TMD to be present in the same individual. Such overlap can
make it difficult to distinguish which specific diagnosis is primary or which
is necessarily the best target for treatment. This overlap of diagnoses may be
analogous to what has been observed in low back pain where “non-specific
low back pain” is an established and useful term for early diagnostic and
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treatment stages. See Chapter 5 for further information regarding the im-
portance of diagnostic overlap among TMDs.

Myalgia and Myofascial Pain

Both myalgia and myofascial pain refer to pain originating from muscle.
While differences in their respective proposed mechanisms are suspected, the
terms are often used interchangeably, and the distinctions in clinical char-
acteristics and proposed mechanisms may have little clinical significance.
Mpyalgia refers to pain in the muscle without a specific mechanism causing
the pain. Generally, myalgia is identified by complaint of pain localized
to a particular area and the presence of enhanced pain upon provocation.
Provocation can be tested either by the application of pressure to the skin
overlying the muscle or by testing the individual’s range of motion. Myo-
fascial pain is denoted by spreading pain (extension of pain beyond the
initial focal point) or pain referral (pain located in another body structure,
remote to the source). Because of the lack of evidence for specific mecha-
nisms for myofascial pain, the diagnosis of myofascial pain is controversial
(Cohen and Quintner, 2008; Quintner et al., 2015). No substantial evi-
dence is available demonstrating that different treatments must be used for
myalgia versus myofascial pain. Consequently, myalgia is often the preferred
diagnostic term. While myalgia and myofascial pain can persist for years
or even decades, there is no evidence that there is a progressive underlying
disease; rather, the pain is more accurately considered to be chronic primary
pain (Nicholas et al., 2019). Chronic primary pain includes the subtype of
high-impact chronic pain, which is associated with higher usage of health
care for pain, lower quality of life, more pain-related interference with
activities, and more frequently reported pain at multiple anatomic locations
(Von Korff et al., 2016). Jaw injury has been strongly associated with inci-
dent TMD (Sharma et al., 2019a), and stress can impact behavior (e.g., in
the form of oral parafunction), which increases TMD pain (Ohrbach and
Michelotti, 2018). However, the cumulative impact of multiple risk factors
has greater evidence (Vlaeyen and Linton, 2000; Slade et al., 2016). A dis-
tinction between initiating factors for initial onset and perpetuating factors
for the continuation of the condition is a dominant theme for this type of
pain (Fricton, 1985; Simons, 1985). The current model of care for myalgia
emphasizes the importance of self-management for symptom control and of
addressing the behavioral factors that contribute to persistence.

Arthralgia

Arthralgia refers to pain in the joint. The characteristics are parallel to
those for myalgia. While there might be value in differentiating the source
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of the pain within the TM]J to include the specific structure where pain is
present, the small size of the joint renders such distinctions neither reliable
nor clinically useful, as based on the available evidence. The same caveats
regarding treatments for myalgia apply to arthralgia. However, arthralgia
may also accompany TM] disc disorders or degenerative joint disease (see
sections below).

Headache Secondary to TMD Pain

Whether headache secondary to a painful TMD is a headache disorder
or a TMD, headache and TMD pain overlap and share underlying patho-
physiological mechanisms, clinical characteristics, and neurovascular anat-
omy as noted by Benoliel and Sharav (2010). It is one of the few identified
comorbidities of TMDs that has a specific name and criteria for diagnosis.
The headache may be of any type (e.g., migraine, tension type), a painful
TMD diagnosis must be present, and the headache pain must be repli-
cated by clinical examination procedures normally used to provoke pain
identified as myalgia or arthralgia. One primary goal in making this type
of diagnosis is to better integrate the list of disorders affecting a specific
individual with the goal of clarifying what kind of pain is present and what
treatments are needed. For example, if headache is secondary to a painful
TMD, it may not require any specific treatment beyond that indicated for
the painful TMD. The reverse can also occur.

Disc Disorders

Internal derangement of the disc refers to the displacement of the
articular disc from its normal functional relationship with the mandibular
condyle. Disc displacements of at least one of the joints are common and
are estimated to occur in about one-third of the adult population. For the
majority of those with disc displacement of the TM], there is little to no
functional impact and no pain. Other TMD problems may co-exist with
a symptom-free disc; this type of joint condition generally requires no
treatment.

For a small number of individuals, the disc displacement is associated
with substantial pain, limitation, and disability. The cause of disc displace-
ments is largely unknown; growth discrepancies between the condyle and
the developing occlusion have been suspected, but the available evidence
does not support this (Farella et al., 2007). Trauma—particularly that
associated with whiplash-associated disorders—has also been proposed
as a cause of disc displacements, but the evidence is limited by the pre-
dominantly cross-sectional study designs whereas prospective designs are
essential (Lee et al., 2018).
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In the mild form of the disorder, the disc typically returns to its normal
position during movement of the jaw as the condyle moves forward; a
popping or clicking noise may accompany the reduction (i.e., the return
of the disc to the normal position) during opening or closing or may ac-
company the displacement (the return of the disc to the abnormal posi-
tion) during closing. This disorder is diagnosed using magnetic resonance
imaging (MRI). In a more severe form of the disorder, the disc remains
displaced throughout the maximum opening cycle. In the more acute phase
of the severe form, the displaced disc results in a mechanical obstruc-
tion to opening and is symptomatic, while in the more chronic phase the
posterior attachment to the disc stretches and normal mobility is usually
restored, though normal function may be limited and symptoms may re-
main. Histologic evidence indicates that the posterior attachment of the
disc may undergo change or remodeling from elastic connective tissue to
dense connective tissue (Scapino, 1983). Based on clinical data, it is likely
that individuals with such remodeling of the disc tissues into a pseudo-disc
regain full masticatory function as well as normal mobility of the mandible
(de Leeuw et al., 1994).

None of the disc displacements can be diagnosed based on a clinical
assessment of clicking sounds or jaw deviation during opening; while diag-
nosis has been attempted with various instruments, MRI remains the stan-
dard method for diagnosis (Li et al., 2012; Sharma et al., 2013; Schiffman
et al., 2014b) and should be used for significant mechanical joint problems,
suspicion of significant disease, or when treatment has been unsuccessful
(Schiffman and Ohrbach, 2016) and only if the prognosis or selection of
treatment will depend on an exact diagnosis (Schiffman et al., 2014b).

The human TM]J is a unique structure, and clinical disorders associ-
ated with disc displacement are poorly understood. For most individuals
disc displacements are relatively minor and self-limiting, but for some
individuals disc displacements represent substantial problems. It is not yet
known which types of disc displacement in the early stages are indicative
of later problems.

Degenerative Joint Disease

Breakdown of the cortical bone of the TMJ condyle has been termed
osteoarthritis, osteoarthrosis, and degenerative joint disease. All three terms
refer to the same underlying bony changes. The term osteoarthritis is used
when pain is present, while the diagnostic term osteoarthrosis is used when
pain is absent; these terms are used in this distinctive manner within the
research literature pertaining to the TM]J, perhaps because asymptomatic
adaptive bony changes are common to the TM]J. By contrast, osteoarthritis
and osteoarthrosis are used interchangeably within the medical literature.
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Degenerative joint disease is the term used by the DC/TMD, based on ex-
tensive considerations regarding terminology.

Degenerative joint disease in the TM], as in other joints, is the con-
sequence of chronic abnormal mechanical loading to the joint. This may
occur as a result of a long-term advanced internal derangement in the TM]J,
but only about 15 percent of persons with internal derangements are so
affected. When degeneration does occur, it may lead to pain and further
mechanical joint dysfunction. Such degeneration may require surgical treat-
ment to improve pain and function, such as arthrocentesis, arthroscopy,
open joint arthroplasty, or total joint replacement. Due to its chronicity,
however, osteoarthritis is frequently associated with pain comorbidities,
and evidence from other load-bearing joints such as the knee clearly indi-
cates that pain and disability associated with degenerative joint disease are
not predicted by the extent of bony destruction but rather by the same full
range of biopsychosocial factors applicable to TMDs as a whole (Summers
et al., 1988; Salaffi et al., 1991; Dekker et al., 1993; McAlindon et al.,
1993).

TM] Subluxation and Luxation

As noted in Appendix D, the condyle has an expected extent of
motion; however, in some cases the condyle exceeds that range and prob-
lems can ensue. In some individuals the additional movement can result
in the condyle being momentarily stuck in that position, which is termed
subluxation, or the condyle can be stuck in a more extreme manner and
may require manual reduction (external assistance) to relocate the condyle
back to the fossa, which is termed luxation or dislocation. The literature is
not consistent in how these three terms are defined. This condition is typi-
cally highly distressing and often painful. In other individuals, such extreme
movement of the condyle is not associated with dislocation. There are a few
suspected causes for this condition. Angulation of the eminence that bounds
the anterior extent of the joint space is believed to contribute to disloca-
tion, especially to recurrent dislocations, which occur in a small number of
individuals, but this observation is largely anecdotal; nevertheless, surgical
correction of the bony shape, bony augmentation, or injection therapies
appear to reduce if not eliminate the frequency of recurrent dislocations
(Fernandez-Sanroman, 1997; Moore and Wood, 1997; Undt et al., 1997,
Caminiti and Weinberg, 1998). Recurrent yawning or external injury to
the jaw can contribute to this condition; however, for most individuals the
onset is without an identified contributing factor. While this type of prob-
lem has a set of reasonably applicable treatment procedures, recurrent dis-
locations are nevertheless believed to be associated with a stretching of the
capsule and TM]J ligaments and thereby represent a form of joint instability.
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Consequently, exercises for joint stability as well as injections for facilitat-
ing connective tissue growth in the joint capsule and consequent decrease in
joint mobility have been proposed (Bell, 1979; Zhou et al., 2014), but they
are not well understood, and this lack of understanding highlights the gap
between the apparent physiology of the TM] and its surprising complexity.

Relationship of TMDs to Orofacial Pain Disorders

The common painful TMDs (myalgia, myofascial pain, and arthralgia)
are similar to pain disorders found elsewhere in the body, and the same
diagnostic principles and treatment principles are applicable. The transla-
tion of the current state of the scientific evidence among medical and dental
researchers and clinicians is key to furthering the understanding of these
pain conditions. The major classes of orofacial pains are musculoskeletal,
neuropathic, and visceral. However, several types of TMDs overlap these
areas, particularly the musculoskeletal pain conditions. Currently the pain-
ful conditions within TMDs are now simultaneously also a subgroup of
a broader set of orofacial pain conditions within the International Clas-
sification of Orofacial Pain (Benoliel et al., 2020). Such pains, whether
primarily identified as muscle (or fascial) in origin or as stemming from
the TM]J (such as during function) should be fully assessed within the bio-
psychosocial framework.

The mechanical disorders may also exhibit pain, but pain is typically
not a required diagnostic criterion. Consequently, attempts to organize
TMDs as part of orofacial pains more broadly have only been partially suc-
cessful. The mechanical TM]J problems do not align well with the orofacial
pains and rather should be considered as primarily orthopedic joint disor-
ders. In summary, TMDs comprise two large classes of disorders: painful
disorders and mechanical joint disorders. Evidence from other joints indi-
cates that mechanical TMJ problems should also be fully assessed within
the biopsychosocial framework.

UNDERSTANDING THE ETIOLOGIES OF TMDs

As noted above regarding the evolution of terminology for this set
of disorders, varying approaches have been explored over the years as to
what causes TMDs and, as a result, where the areas of emphasis should be
concerning TMD management and treatment. Ongoing controversies and
divisions within the practice of dentistry continue regarding these issues;
Box 2-2 provides an overview of some of the more frequently encountered
approaches that are not evidence based with respect to the required criteria
stated in this chapter which a diagnostic system must meet. In addition the
issue of occlusion is discussed separately in the next section because it has
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BOX 2-2
Non-Biopsychosocial Approaches to Etiology

Non-biopsychosocial approaches to the etiology of temporomandibular disor-
ders (TMDs) have focused on functional or structural abnormalities as the cause
of these disorders. These approaches include:

Airway management— This approach views the airway (as opposed to the teeth,
joints, and muscles) as the primary part of the body requiring correction and inter-
vention to avoid or treat TMDs. Orthopedic techniques are suggested to reposi-
tion the mandible in order to decompress nerves around the temporomandibular
joint (TMJ) and improve symptoms such as clicking, popping, locking, or bruxism
(teeth gritting or grinding) (Gelb, 2014). The airway-centric approach has been
suggested as a preventive measure for TMDs and as a treatment for individuals
with TMD who suffer from disruptive sleep.

TMJ orthopedics—In this approach, TMDs are seen as being primarily caused
by abnormalities or injuries in the bones, ligaments, muscles, tendons, nerves, or
vascular/joint structures surrounding the TMJ, and the suggested management
focuses on treatments to correct the abnormalities in these areas (Simmons,
2014). Treatments may include repositioning the mandible to diminish the load
on the TMJ, to recapture displaced TMJ disks, to place the condyle in a more
physiologic position, or to mobilize the TMJ condyle or disc.

Physiologic neuromuscular—This approach centers on the primacy of physiology
in shaping and controlling anatomy in a functioning human body and relies on
physiologic data (e.g., electromyography of the jaw and neck) to diagnose and
make clinical decisions (Raman, 2014). Suggested treatments are focused on
improving the mandibular posture through orthotics, orthodontics, or the prosthetic
replacement of missing teeth.

Occlusion—This approach views dental occlusion—how teeth fit together—as the
cause of TMDs and suggests treatments designed to alter the occlusion (through
equilibration or other means).

been such a large part of the TMD discussion in the published clinical and
scientific literature as well as in beliefs commonly held by many clinicians.
The committee aims to provide an overview of where the evidence is and
is not regarding the role of occlusion and occlusal treatments (see also
Chapter 3).

This report focuses on the evidence-based biopsychosocial approach.
This approach maintains that conditions such as TMDs should be man-
aged with an understanding of the multiple physical, psychological, and
social factors that play a role in the onset and progression of the condition
(Fricton, 2014). The biopsychosocial model focuses on the whole person,
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including the mind, body, emotions, spirituality, lifestyle, social relation-
ships, and physical environment. At present, only the biospsychosocial ap-
proach has both strong evidence and strong theory relating clinical findings
to symptoms and approaches to treatment that are consistent with what is
known about chronic pain elsewhere in the body.

Occlusion

Because this has been an area of ongoing discussion, particularly within
the field of dentistry, the committee focuses this section on occlusion be-
fore discussing its adoption of the biopsychosocial model for etiology and
treatment.

The field of dentistry has historically focused to a great extent on dental
occlusion—how teeth fit together—as an assumed cause of TMDs and a
basis for diagnosis of a TMD, and consequently emphasized treatments for
TMDs designed to alter the occlusion. Dental occlusion also includes the
anterior-posterior position of the lower jaw relative to the upper jaw and,
more broadly, skeletal alignment between the upper and lower jaw. Two
publications foundational for the clinical practice of dentistry described the
purported role of a specific antero-posterior reference jaw position as causal
to TMDs (Ramfjord, 1961a,b), but both publications used inadequate
research designs and thereby did not provide any causal evidence. Those
assertions and others based on equally poorly-designed studies continue to
be published (e.g., Dawson, 1996; Racich, 2018).

In contrast, in a critical review of 68 years of research regarding TMDs
and occlusal interferences—probably the most common characteristic of
occlusion that dentists focus on and investigate—Clark and colleagues
(1999) evaluated 18 human and 10 animal studies that examined experi-
mental occlusal interferences and did not find evidence in this narrative
review that these interferences resulted in TMDs. Structured systematic
reviews as well as major textbooks and other narrative reviews have consis-
tently come to the same conclusions: there is a notable absence of sufficient
evidence that deviations in the dental occlusion are an important contribu-
tor toward TMDs (Clarke, 1982; Mohl et al., 1988; Zarb et al., 1994;
Tallents et al., 2000; Fricton, 2006; Klasser and Greene, 2009; Manfredini
et al., 2012; Turp and Schindler, 2012). A few specific studies, taken from
different geographic regions and investigator teams, may be illustrative
regarding the relationship of occlusal characteristics to TMDs.

In perhaps one of the most comprehensive studies of occlusal attributes,
five characteristics were identified in a U.S. study that had a relationship
to various types of TMDs; these characteristics included an asymmetric
discrepancy (the so-called “slide”) of at least 2 mm from a ligament-
determined posterior position of the mandible to where the teeth maximally
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came together, excessive horizontal space between the lower anterior teeth
and the upper anterior teeth, an anterior open bite (i.e., inability to incise
food with the anterior teeth), five or more missing posterior teeth, and
chewing on one side of the mouth (Pullinger et al., 1988; Seligman and
Pullinger, 1991). The latter three abnormalities may lead to altered com-
pensatory function. Collectively, these abnormal characteristics only ac-
counted for § percent of the variability in the clinical signs and symptoms
of TMDs, which meant that 95 percent of the variability was due to other
non-occlusal factors, highlighting that occlusion alone had a weak relation-
ship to TMDs. Similar findings were noted elsewhere in a study conducted
in Italy; while the same “slide” had an odds ratio of 2.6 in favor of a TMD,
the diagnostic value was equivocal, with 72 percent sensitivity and 58 per-
cent specificity, making such findings poor to useless for diagnosis (Landi
et al., 2004). In a study in Finland, abnormal occlusal characteristics were,
again, not associated with pain or TMDs but were associated with quality
of life in males but not females (Rusanen et al., 2012). Finally, studies of
masticatory function indicate that it is pain, not the nature of the occlusion,
that can affect the ability to chew when some types of TMDs are present.
As Chapter 5 will address, treatment of the occlusion for TMDs also has
no supporting evidence.

The use of devices (to measure muscle activity, to track jaw movement
magnetically or optically, to measure vibrations from the TM]) continues
to be considered an important and valid approach to diagnosing TMDs by
different parts of the dental profession. These tests are often used as proxies
for demonstrating the need for treating the occlusion as a purported cause
of TMD. However, the evidence demonstrates that such measurements have
little or no diagnostic utility for TMDs beyond established methods defined
by, for example, the DC/TMD (Mohl et al., 1990a,b; Manfredini et al.,
2011; Sharma et al., 2013, 2017).

Efforts to move away from the focus on occlusion—as either a cause of
TMD or a treatment objective—are needed in clinical practice and in dental
training and education. The structure of dental education relies heavily on
clinical training, and efforts are needed to ensure that the transfer of formal
evidence to current disease models is conveyed to students. The evidence
base also needs to be emphasized in continuing education curricula. One
example of knowledge that has been discovered but not applied to clinical
practice concerns the interactions between the cervical and masticatory sys-
tems; of relevance here, the status of the cervical system affects the dental
occlusion (Mohl, 1984), yet clinical management of the occlusion typically
ignores head posture and health of the cervical structures.

Recent experimental studies of occlusal deviations in maximal closure
lead to some important insights of where occlusion might matter and indi-
cate that acute alterations of the occlusion in individuals without current
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TMD symptoms result in a decreased activation of the masticatory muscles
(i.e., avoidance behavior) during sleep (Michelotti et al., 2005), which is the
opposite of what would be expected based on theories about the occlusion
and TMDs. Current experimental evidence, reviews, and weak occlusal
theory indicate that occlusion should not be considered a contributing cause
for the common TMDs. To the degree that dental structure may matter for
TMDs, fresh research is needed, starting with a better conceptual analysis
of the problem, followed by developing rigorous operational definitions
and establishing reliable clinical measurements. Whereas occlusion research
to date has focused on characteristics that have not led to any real under-
standing (Clark et al., 1999), it might be more productive to start with the
concept of occlusal stability. As Skarmeta (2017) noted, occlusion lies in
front of each clinician, but a critical characteristic, simple stability, seems
to be poorly operationalized, poorly understood, and, in the end, ignored.
In contrast to the focus on occlusion and modification of the occlusion
(adjustment, orthodontics) in some parts of dental care, the larger pain field
has clearly organized treatment recommendations within the biopsycho-
social model of pain management, emphasizing the necessity for integrative
treatment across multiple levels. As discussed further in Chapter 5, a range
of treatments is available and needs further research to allow clinicians to
most effectively target specific types of TMDs.

Furthering the Evidence Base

The biopsychosocial approach was adopted by the committee because
it is a broad model that can encompass the range of TMDs and apply the
best science from medicine, dentistry, physical therapy, integrative health,
and multiple other fields to the care of individuals with a TMD. This ap-
proach acknowledges that TMDs are not a single entity and consequently
most often have varying causes (e.g., trauma, genetics, environmental eti-
ologies) that affect differing parts of the masticatory system and potentially
other body systems and require varied, and sometimes multiple, treatment
modalities (see Chapter 5). As knowledge is gained across a number of
scientific disciplines (see Chapter 4), the understanding of the etiologies
of types of TMDs will continue to evolve and will provide more of the
insights that are necessary to improve treatments.

Conclusion 2-3: The biopsychosocial model is most closely aligned
with and has the best evidence for addressing the range of temporo-
mandibular disorders (TMDs) with the goal of improving quality
of life—including physical, psychological, and social function—
for individuals with a TMD. It will be necessary to incorporate
evidence-based medicine principles into all theoretical views in
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order to address the long-held divisions within the dental profes-
sion regarding the causes of TMDs. Clinical experience, while im-
portant, must be augmented by epidemiological data and controlled
evidence regarding disease mechanisms, appropriate and necessary
diagnostic methods, and strongly theory-based interventions.

FACTORS IN THE DISEASE COURSE OF A TMD

Individuals with a TMD vary in the nature of their symptoms, the
severity of the disorder’s impact on their daily lives and health, the dura-
tion of the disorder, and the extent of the pain—all of which are part of
the disease course. This section focuses on four issues that are the focus
of ongoing research (see Chapter 4). These issues—acute versus chronic
disorders, high-impact chronic pain, multi-system disorders, and pain as a
disease—are not independent but instead overlap with differing emphases.
A disease course can be formally defined as “the totality of all processes
through which a given disease instance is realized” (Scheuermann et al.,
2009, p. 118), and for a pain disorder the disease course typically refers to
time-dependent changes in symptoms.

Acute Versus Chronic Disorders

The terms “acute” and “chronic” are often used in reference to pain,
and they point to a temporal spectrum from symptom onset to chronic disor-
der. Acute pain refers to pain of recent onset. A substantial proportion of the
population experiences symptoms of TMDs but does not meet the criteria
for a diagnosis of a TMD; that is, they have subclinical TMD symptoms
and such individuals would not be considered to have a condition. Using
data from the OPPERA study, Slade and colleagues (2013b) found that
one-third of individuals with no history of a painful TMD reported at least
one episode of TMD pain symptoms during the follow-up period (median
follow-up time was 2.3 years), with nearly 15 percent of people reporting
two or more episodes. The vast majority of these episodes remained sub-
clinical, as only 18 percent of episodes culminated in classification of an
acute TMD according to the RDC/TMD. There were no differences by sex,
but older and African American individuals had higher episode rates. More
than two-thirds of the TMD pain symptom episodes were accompanied by
other bodily pain. The results also showed that the subclinical episodes of
TMD symptoms were associated with a greater use of analgesics and with
health care attendance. These findings demonstrate that subclinical TMD
symptoms occur frequently, are accompanied by other bodily pains, and are
associated with increased health care use. Thus, even among people without
a diagnosed TMD, symptoms of TMDs can be an important health concern.
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When acute pain is accompanied by overt tissue damage as well as
other characteristics associated with tissue damage (heat, redness, or swell-
ing of the tissues localized to the pain complaint), then an acute condition
is present. When the pain and the signs of heat, redness, and swelling
have resolved and when active tissue damage is no longer apparent, then
the acute condition is considered to be coming to an end. If pain is still
present but the signs of tissue damage have resolved, then the condition
becomes an acute pain disorder, which may then transition to a chronic
pain disorder (Wall, 1979). However, the onset of acute TMD pain most
commonly occurs without any evidence of tissue damage. Without markers
for underlying biological correlates of the pain experience, there is no gen-
eral agreement regarding when the acute phase of a painful TMD ends and
when chronic begins (Kent et al., 2017). The consequence is that the end
of acute TMD pain is most often indeterminate, which has a major impact
on research into the disease course of painful TMDs and their transition
to chronicity.

Chronic pain, which may arise from acute injury, is often defined
(particularly in the absence of identified initiating factors) simply based
on time since onset, such as pain persisting longer than 3 months (IASP,
2017). A period of 3 months for “acute” clinical pain allows time for the
patient to engage in treatment and offers the potential for recovery before
the “chronic” label is assigned. Because of inadequacies with a purely time-
since-onset definition for chronic pain, the National Pain Strategy defined
chronic pain as “pain that occurs on at least half of the days for 6 months
or more” (Deyo et al., 2014; HHS, 2016; Von Korff et al., 2016).

In looking at the time course of a TMD, it may be helpful to character-
ize the disorder as acute or chronic. Disc displacements of the TM] clearly
have an acute phase with a sudden onset of clicking or locking (with a diag-
nosis confirmed by imaging), and they may later go into a chronic phase.
A set of criteria (Wilkes Criteria) has been developed to assess the stages
of disc displacement (Wilkes, 1989). While the distinctions of acute versus
chronic may apply to degenerative joint disease, the period of develop-
ment of degenerative changes (as compared to when they can be detected
on imaging for a confirmed diagnosis) may preclude actually making the
distinction and the diagnosis of degenerative joint disease is most likely
to refer to a chronic stage. In contrast, more is known about the time
course of painful TMDs. Following initial lifetime onset, approximately
50 percent will continue to have sufficient pain at about 8 months to still
be classified as having a disorder; the other 50 percent probably remitted
across the 8-month period between observations (Meloto et al., 2019).
Once TMD pain becomes chronic both pain and disorder fluctuate (see
Chapter 3 for additional discussion on course of the disorders). “Recur-
rent” and “persistent” are also terms used to characterize pain disorders.
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Recurrent refers to a disorder that has clear onset and offset for major bouts
that recur across time; if that time extends to years, such a disorder could
be considered chronic based on the period of years, yet each episode may
be like an acute episode. Importantly, a long-term recurrent disorder, if it
occurs on less than half of the days, would not be considered chronic pain
from the perspective of the National Pain Strategy. Menstrual migraine is
an example of what may be a non-progressive and isolated recurrent pain
disorder. Some patients with a TMD also can exhibit this recurrent pattern
extending over years to decades. Persistent pain refers to pain that never
goes away. How a patient copes with pain can heavily influence the report-
ing of episodes and whether a chronic pain is persistent or is not persistent
but chronic (i.e., with clear pain-free periods). Effective coping skills, such
as distraction or behavioral activation, can make persistent pain appear to
be episodic because of the sufficient blunting of low-intensity periods, often
referred to as background pain.

High-Impact Chronic Pain

High-impact chronic pain has been defined as persistent pain with
“substantial restriction of participation in work, social, and self-care ac-
tivities for 6 months or more” (HHS, 2016, p. 11). Previously known as
pain-related disability, whose severity was often measured with the Graded
Chronic Pain Scale (Von Korff et al., 1992), the construct of high-impact
chronic pain focuses on the impact of pain on day-to-day activities of the
patient. High-impact chronic pain can be assessed based on a patient’s
responses to questions such as how often, over the prior 6 months, pain
limited his or her life or work activities, including household chores. When
the response is “usually” (compared to never, rarely, or sometimes) or the
patient indicates “severe” interference with these activities (compared with
none, mild, or moderate), the pain is considered to be high-impact chronic
pain (Von Korff et al., 2016).

As succinctly reviewed for chronic low back pain by Deyo and col-
leagues (2014), high-impact chronic pain is the major complication asso-
ciated with pain localized to the region of the back, and such pain has
poor correspondence with physical findings based on either examination
or imaging. Similarly, the evidence suggests that high-impact chronic pain
associated with the TM]J also has poor correspondence with physical find-
ings of disease within the joint. However, as indicated by the description
and available evidence regarding complex anatomy and bilateral function-
ing of the TMJs (see Appendix D), the mechanical function within the TM]J
is complex, and mechanical TM] problems often trigger a cascade of events
that lead to worse functioning within the joint.
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Multi-System Disorders

Any major pain condition, including TMDs, can manifest as either a
localized or a multi-system disorder. Chronicity and high-impact pain are
part of this constellation of multi-system disorders that are characterized
not only by overlapping diagnoses but also by multiple dimensions of vul-
nerability for broad domains of symptoms and other disorders (Naliboff,
2007). Another related consideration is the primary versus secondary nature
of the pain (see Box 2-3).

A localized TMD is more likely to be acute, is clearly isolated to a spe-
cific part of the masticatory system, and often can be attributed to a specific
event (e.g., a recent injury, such as a ball hitting the face, or a dental event
such as a broken tooth that leads to an immediate alteration in chewing
pattern). In general, localized TMDs are not associated with comorbidities
such as other pain conditions, depressive symptoms, anxiety symptoms,
general stress reactivity, multiple unexplained physical symptoms, and sleep

BOX 2-3
Primary and Secondary Disorders

Because disorders often occur in relation to another disorder, the language
of primary and secondary disorders pertains to, but expands on, the localized
disorder.

Primary temporomandibular disorders (TMDs) are musculoskeletal disorders
related to specific alterations in the structure, function, or physiology of the masti-
catory system. For example, localized pain in the temporomandibular joint follow-
ing a sprain from injury (e.g., from biting on an unexpected olive pit) that recovers
within 1 week and has no other consequences is a primary TMD. Another example
is that a painful TMD such as myofascial pain in the masticatory muscles can
be the primary disorder, which results in headache as a secondary disorder
(Schiffman et al., 2012).

Secondary TMDs will have the same diagnostic characteristics as primary
TMDs, but they are related to another primary disorder (e.g., headache) in a
specific causal pattern (Olesen et al., 2009) such as any of the following: initial
onset of both primary and the secondary disorders at the same time; current
episodes of the primary disorder lead to onset or worsening of the TMD condi-
tion; overall worsening of the primary disorder leading to overall worsening of the
TMD condition; or overall improvement of the primary disorder leading to overall
improvement of the TMD condition. For example, osteoarthritis in the neck often
leads to compensatory masticatory muscle problems (a secondary disorder) in the
form of contraction of both masticatory and cervical muscles as a type of guarding
response to the painful cervical joints. Another, perhaps more common, example
is the development of TMD pain (the secondary disorder) as a result of a chronic
migraine headache.
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disorders. The presence of such comorbid conditions increases the prob-
ability that a TMD, regardless of local causes, should not be considered
as a localized condition. Moreover, the presence of a comorbid condition
increases the probability that a localized condition at onset is more likely
to act like a chronic pain disorder.

In contrast, a TMD with multi-system components is characterized
by an identifiable TMD (meeting the diagnostic criteria for a localized
disorder) associated with, in particular, comorbid pain conditions as well as
with other systemic or behavioral disorders. Chronic overlapping pain con-
ditions appear to be more common than any single chronic pain condition
(Mayer and Bushnell, 2009; see also Chapter 3), and there is substantial
overlap in the condition-specific pain intensity and pain interference mea-
sures (Ohrbach et al., in press), which highlights the mutual contributions
that multiple pain disorders make to each other. Other comorbidities, such
as depression or anxiety, appear to exhibit the same type of impact on a
given pain condition, such as a painful TMD (Fillingim et al., 2011, 2013).

Available information suggests that a TMD with multi-system compo-
nents occurs most often as a result of a single underlying process. Rather
than two disorders existing with one as primary and the other as secondary,
both disorders might have a common underlying cause or mechanism. For
example, in the case of a painful TMD co-existing with low back pain, it
could be that the TMD is secondary to the low back pain, but it could also
be that the low back pain occurred after the TMD onset and that the TMD
flareups aggravate the low back pain, with low back pain secondary to the
TMD. Or both disorders could represent a process, perhaps triggered by re-
gional trauma, in which manifestations of common mechanisms have been
facilitated by each of the disorders. Such mechanisms include central ner-
vous system dysregulation, which could result in the perpetuation of both
a TMD and low back pain in an individual. In such instances, the process
that initiates the pain and that which maintains the pain may be different.
The peripheral nervous system may play a role in both, and it is suspected
that in some cases, including fibromyalgia among the chronic overlapping
pain conditions, the central nervous system may be an autonomous site of
pain amplification or generation.

Conclusion 2-4: In many individuals, temporomandibular disorders
(TMDs) resolve without medical or dental treatment interventions.
In other individuals, TMDs progress to becoming chronic condi-
tions; in addition, TMDs may be components of a multi-system
disorder across biopsychosocial domains. Research is needed to
identify why symptoms resolve in some cases and progress in others
and how to better target different types, intensities, and timings of
interventions.
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Pain as a Disease

While pain has classically been considered a cardinal symptom of an
acute condition, chronic pain was proposed in 2001 as a disease (Niv and
Devor, 2004), the result of a process independent of the original cause, such
as direct injury, but leading to disability, sleep disturbance, depression, and
other consequences. The persistence of pain across time and the complexity
of a disorder as multi-system provide the basis for pain to become a dis-
ease that fully represents the biopsychosocial model of health and disease
(see Figure 2-2). As noted in the preface to the 2011 IOM report, “While
pain can serve as a warning to protect us from further harm, it can also

Chronic Pain

|
Chronic Primary Pain Chronic Secondary
{Pain as the disease) Pain Syndromes
Types of chronic primary pain; {Pain manifest asa symptom
e Chronic widespread pain of another disease]
* Complex regional pain syndrome Examples of chronic secondary pain
e Chronic primary headache or syndromes include:
orofacial pain . ¢ p{ * Chronic cancer-related pain
* Chronic primary visceral pain . e Chronic postsurgical or posttraumatic
 Chronic primary musculoskeletal pain pain
{other than orofacial) ¢ Chronic neuropathic pain
e Chronic secondary headache or
orofacial pain
e Chronic secondary visceral pain
e Chronic secondary musculoskeletal
pain

FIGURE 2-2 Structure of the International Association for the Study of Pain clas-
sification of chronic pain.

NOTES: Red highlighted text indicates how pain associated with TMDs fits within
the rubric of disorders. The bidirectional arrow highlights the challenge in differen-
tial diagnosis between the two types of disorders (simplified here compared to the
figure in Treede et al., 2019), where the symptoms can be similar. In addition, an
underlying disease, such as a cancer-related pain or posttrauma pain, may resolve,
either through healing or as a consequence of management, yet the pain may con-
tinue and the secondary pain syndrome diagnosis would remain and guide further
treatment. See text for definitions of chronic primary pain and chronic secondary
pain syndromes.

SOURCE: Adapted from Treede et al., 2019.
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contribute to severe and even relentless suffering, surpassing its underly-
ing cause to become a disease in its own domains and dimensions” (IOM,
2011, p. ix). Chronic pain as a disease has become an increasingly accepted
perspective, although not without critical discussion as well as criticism
(IOM, 2011; Cohen et al., 2013; Taylor et al., 2015; Treede et al., 2019).

The well-documented functional and structural brain changes that take
place in response to chronic pain may represent the mechanisms underlying
pain as a disease, or they may represent the role of adaptive responses to
pain (Tracey and Bushnell, 2009). The latter, however, may also justify dis-
ease status in the sense that the feedback loops between response patterns
and disease perpetuation may be among the many components constituting
a complex disease (e.g., TMDs). Finally, evidence for similar responses to
the same treatment across different pain disorders suggests common mecha-
nisms, which may underlie chronic pain as a disease (Turk and Rudy, 1990;
Rudy et al., 19935). The mechanisms of nociceptive and nociplastic pain are
discussed in detail in Chapter 4.

In a clinical setting, determining whether a specific patient’s pain is, at
one extreme, a localized condition or, at the other extreme, an indicator
for pain as a disease can be challenging. One proposed solution to this
challenge is the new ICD-11 diagnosis of chronic primary pain, which is
defined as pain in one or more anatomical regions that has been present
(continuous or intermittent) for at least 3 months, associated with emo-
tional distress and/or functional disability, and not better accounted for
by another diagnosis (Nicholas et al., 2019). The intention of the use of
the term chronic primary pain is to replace other established but vague
terms such as “somatoform,” “nonspecific,” or “functional,” which are
often used to classify a bodily pain when the clinician (or researcher) is
not certain about a better diagnosis. It should be noted, however, that the
diagnostic criteria for the most common painful TMDs are substantially
better in terms of rigorous validation procedures than most of the other
conditions subsumed within the chronic primary pain rubric. Nevertheless,
the application of the term “chronic primary pain” for settings where clini-
cal expertise, such as those needed to use the DC/TMD, is absent represents
a substantial improvement over current practices, in that chronic primary
pain explicitly incorporates the biopsychosocial model and thereby sets the
direction for treatment. If acute pain from jaw injury, for example, was re-
garded as solely related to injury-related tissue damage and was to persist,
the new terminology would classify such pain as chronic secondary pain
(Treede et al., 2019).

To look at this topic from another perspective, consider the question,
If chronic pain is not a disease but rather only a symptom, then what is it a
symptom of? The poor correspondence between physical examination find-
ings and reported pain highlight the problems inherent in diagnosis when
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pain becomes chronic. The criteria developed for the painful TMDs in the
DC/TMD use measurements that exhibit high reliability, yet the determi-
nant of the measurements is the report of pain as influenced by pain pro-
cessing. Considering chronic pain to be a disease helps the clinician move
out of the biomedical model and instead link management of the disorder
to the biopsychosocial contributors to ongoing pain experience (Taylor et
al., 2015), that is, to treat the pain disorder as such rather than continue
further diagnostic testing to identify underlying presumed ongoing tissue
damage as the cause (IOM, 2011).

Yet, the determination of whether chronic pain in a given individual
is a symptom of an as-yet undiagnosed primary disorder or it is a disease
remains complex, and the pain may be both at the same time as well,
particularly in the early stage when an anatomical derangement is clearly
identifiable. An illustrative example is diabetes. The disease of diabetes
does not typically start as a disease; rather, a pre-diabetes state of insulin
resistance or impaired glucose tolerance may exist for years, which if left
untreated can become the identified disease of diabetes that affects multiple
organ systems beyond the endocrine system. In the same way, chronic pain
can start as a symptom of another condition, but if the pain is untreated
then over time it can become the basis of pain as a disease.

WHAT CAN BE LEARNED FROM OTHER PAIN CONDITIONS?

There is considerable variation in how any of the TMDs may manifest,
be experienced by an individual, appear clinically to the observer, and be
associated with measurable physical changes. For example, the four issues
regarding disease course discussed in the prior section indicate that a recent
onset TMD in the presence of other already established pain disorders
might be considered chronic pain from the beginning simply because mul-
tiple risk factors for chronicity are already active. When pain persists there
are many opportunities for it to influence and be influenced by psychologi-
cal and social factors (Fordyce, 1976). Numerous studies have examined
psychosocial factors in other chronic pain conditions, and emergent themes
can provide insights into how individuals adjust to chronic TMDs. Among
these factors, there are three that are particularly consistent and salient for
TMDs.

* Adjustment to living with persistent pain: Individuals can differ
markedly in how they adjust to living with persistent pain (Karayannis
et al., 2019; Mun et al., 2019). These variations in adjustment are
evident in persons with TMDs and, as in other chronically painful
diseases (e.g., arthritis or cancer), are not well explained on the basis
of medical or background factors such as the severity of the injury,
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disease activity, or the duration of pain. The manner of adjustment
or coping and its emergence across the life-span vary enormously
across individuals, to the point that it is not possible to describe an
overall natural development or even categories of natural history
trajectories.

* Role of psychological factors in adjustment: Historically it was
believed that longstanding trait-like personality factors play a key
role in shaping how one adjusts to persistent pain. Over the past
two decades, however, it has become increasingly evident that more
dynamic psychological factors are important in explaining individual
differences in the impact of pain. These factors include a person’s
choice of pain coping strategies, the person’s beliefs in his or her
own abilities to control pain (i.e., self-efficacy), and the person’s
tendency to ruminate about and feel helpless (or not) about pain,
and emotional distress (e.g., anxiety) (Turner et al., 2007; Fillingim
et al., 2011).

* Role of social context in adjustment: Epidemiological studies have
found that the prevalence of chronic pain conditions is much higher
among those who have a low socioeconomic status, limited educa-
tion, and limited access to satisfying work (Bergman et al., 2001;
Brekke et al., 2002). Direct observational studies of patients with
chronic pain and their partners (or caregivers) have highlighted the
impact of the partner’s responses to pain (e.g., invalidating the pain,
being supportive, or offering empathy) on the patient’s pain experi-
ence (e.g., Verhofstadt et al., 2016). Although partners and care-
givers clearly can be affected by the individual with a chronic TMD,
there is a dearth of research in TMDs using novel observational
methods to better understand patient—partner interactions relevant
to TMDs. Such research is important because it could be used to
tailor new interventions designed to help patients and their families
learn how to work together to optimize adjustment to a TMD.

TMDs include several features common to other chronic pain condi-
tions, such as back pain, widespread pain, and headache, among others. All
of the major chronic pain conditions are quite heterogeneous with respect
to the severity of the symptoms, the quality of life, and the psychosocial
impacts, and a substantial proportion of individuals with these conditions
experience marked impairment in physical or psychosocial function, as is
the case with other conditions (Dworkin and Massoth, 1994; Manfredini
et al., 2010). The development and persistence of these conditions are
driven by complex interactions among multiple biological (e.g., genetics,
nociception), psychological (emotional distress, coping), and social (socio-
economic status, social support) factors (Dworkin, 1994; Furquim et al.,
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2015; Maixner et al., 2016). Specific common risk factors across these
conditions include female sex, enhanced pain sensitivity, a family history
of chronic pain and mood disturbance, adverse childhood experiences, and
multiple somatic symptoms (Clauw, 2015; Harper et al., 2016).

However, in many instances, TMDs represent a distinct group of con-
ditions that differ from other pain conditions in important ways. First,
the symptoms of TMDs occur in the masticatory system, which includes
arguably the most complex joint in the body, combined with an intricate
neuromuscular apparatus that must be effectively coordinated for healthy
functioning. Hence, understanding the factors contributing to TMDs
and their associated symptoms requires a consideration of this complex
musculoskeletal system. Second, TMDs are associated with fewer disability
days than back pain and have a lower pain impact than either headache
or low back pain (Dworkin and Massoth, 1994), suggesting that despite
comparable pain and psychological distress, individuals with TMDs may
continue to function more than their counterparts with some other pain
conditions. Third, for many individuals with a TMD, as with many other
chronic pain conditions, there are no observable physical changes. This
may contribute to the stigma and the need for those with a TMD to feel
that they must convince others of the symptoms and impact (see Chapter 7
for discussion on stigma). These various factors affect the self-image of
individuals with chronic pain. Whether the higher level of function among
individuals with painful TMDs represents, for example, healthy adapta-
tion, symptom repression, or the impact of stigma is not known. Fourth,
a significant proportion of TMDs appear to be self-limiting, such that the
prevalence of TMDs declines later in life (see Chapter 3), which stands in
contrast to the pattern observed with some other conditions, such as low
back pain, chronic widespread pain, and osteoarthritis. This emphasizes
the importance of avoiding harm when providing treatment for TMDs.
Finally, among chronic pain conditions, TMDs are unique in their man-
agement being carried out largely within the dental rather than medical
setting. This can create considerable challenges with access to care, and
the dental-medical divide can impose substantial negative impacts on the
effective management of people with TMDs (see Chapter 6).

WHAT CAN BE LEARNED FROM
OTHER ORTHOPEDIC CONDITIONS?

As noted throughout this chapter and in Appendix D, the complexity
of the masticatory system permits a wide range of functions that include
far more than only mastication. In terms of the complex muscle vectors
required for joint stability, the scapular system (supporting the shoulder)
has some similarities to the functional requirements of the TM]J. Despite
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the importance of the masticatory system, the TM]J, as a joint, has not been
well studied compared with other synovial orthopedic joint systems such as
the knee, shoulder, and hip joints, all of which are far better understood.
Knowledge about these other joint systems cannot, however, be directly
translated to the TMJ because of the following considerations:

 Striking differences, based on genetic analyses, indicate that the TM]J
develops in response to distinct molecular biological mechanisms.

* The TM]J has a uniquely complex anatomy involving bilateral joints
that function as one, resulting in a transmission of load to one side
whereas traction may be the force in the joint on the opposite side.

* The contacting components in the movable joint are often not well
matched; incongruent surfaces within the components of the jaw
are therefore not able to truly minimize stresses and strains during
condyle movement, resulting in shear forces.

* TM]J movements involve both rotation and translation combined
with six degrees of freedom (that is, movement in three planes),
requiring complex coordination of an extensive muscle system, as
described in Appendix D.

* The masticatory system has multiple muscles containing muscle
fiber groups that can be activated in a highly variable manner across
individuals, yet can accomplish similar behaviors and oral functions.
This variation among people makes it challenging to identify uni-
versal principles that may underlie TM]J function and its disorders.

These anatomical and functional distinctions of the TM], in contrast
to other joints, underlie part of the complexity of TMD when it is a local
condition, and these distinctions are further compounded when TMD be-
comes a multi-system disorder because of overlapping comorbidity. Conse-
quently, there is great potential for unique interactions between the complex
subsystems making up the masticatory system and comorbid disorders,
and knowledge obtained from other pain conditions may well not help in
the development of a better understanding of the masticatory system and
of the TM] in particular. A discussion of relevant biomechanics research
on the TM] can be found in Chapter 4. Since the review of the masticatory
system published in 2008 (Scrivani et al., 2008), little has been added to our
understanding of the TMJ at a complex system level. And while degenera-
tive joint disease of the knee has been studied extensively (e.g., Mora et al.,
2018), considerable controversy continues regarding its pathophysiology
and natural history. Knee osteoarthritis is influenced by local, systemic, and
external factors, and both its progression and its response to treatment vary
across individuals. Current management is primarily oriented toward symp-
tom reduction. Non-pharmacological treatments include avoiding excessive
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joint loading and routine exercise. Pharmacological treatments include
limited use of non-steroidal anti-inflammatory medications and corticoid
injections. Most findings from soft-tissue imaging of the knee joint are un-
related to the symptoms (Kornaat et al., 2006). Overall, knee osteoarthritis
and TM]J osteoarthritis appear to share the same major characteristics.
Self-management approaches to osteoarthritis, through group approaches
and Internet-based education, have been successful, with improvements in
both multiple health-status measures and in self-efficacy (Lorig et al., 2008),
with both outcomes consistent with more than just symptom relief. Taken
together, the evidence supports the further development of self-management
approaches for TMDs as a viable treatment direction that can have appro-
priate impact at multiple levels (Nicolakis et al., 2002; Mulet et al., 2007;
Riley et al., 2007; Lindfors et al., 2019).

CONCLUSIONS AND RESEARCH PRIORITIES

As noted throughout this chapter, TMDs are a set of disorders that
are often complex and overlapping. The committee’s conclusions for this
chapter are restated here, followed by thoughts on research priorities (see
Box 2-4) relevant to this chapter.

Conclusion 2-1: Multiple disorders are encompassed by the terms
“temporomandibular disorders” or “TMDs.” The committee
defines temporomandibular disorders (TMDs) as a set of diseases
or disorders that are related to alterations in structure, function, or
physiology of the masticatory system and that may be associated
with other systemic and comorbid medical conditions. TMDs can
be usefully separated into two groups: the common TMDs with
validated diagnostic criteria and the uncommon TMDs that do
not yet have validated diagnostic criteria due to the challenges of
conducting research on rare conditions. When possible, a patient’s
diagnosis needs to be focused on the specific TMD or TMDs.
“TMD?” should not be used as a diagnostic term. An individual
patient may have more than one TMD and may also have co-
morbid conditions.

Conclusion 2-2: The Diagnostic Criteria for Temporomandibular
Disorders (DC/TMD) provides the most thorough and accu-
rate diagnostic criteria for the most common types of temporo-
mandibular disorders (TMDs). Additional work is needed on the
diagnostic criteria for other types of TMDs that are uncommon.
Efforts to increase its utility to clinicians are priorities, including
the brief DC/TMD assessment tool that is currently in development.
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BOX 2-4
Research Priorities

To improve the understanding, diagnosis, and classification of temporo-
mandibular disorders (TMDs), the following areas should be considered as priori-
ties for research:

* Diagnostic criteria for other less common TMDs (as identified in the
expanded Diagnostic Criteria for TMDs);

* An examination of the substantial heterogeneity that exists within pop-
ulations of individuals having persistent pain. Researchers need state-
of-the-art statistical methods to better identify meaningful and replicable
subgroups of individuals who show similar patterns of adjustment. Intensive
longitudinal as well as qualitative studies of these subgroups could be
revealing and provide new insights into what it is to adjust to and live with
persistent pain;

* Improving the understanding of the impact of culture, geography, socio-
economic, and gender factors that influence the effects of altered mastica-
tory function and on an individual’s self-image;

» Validation of approaches to linking diagnostic procedures and decisions to
treatment options and selection;

e Studies that examine processes that may accelerate or slow down the
adjustments to living with chronic or persistent pain. Research is needed
to examine a broad array of processes including but not restricted to
biological processes (e.g., changes in the way pain is processed), socio-
environmental processes (e.g., changes in the way that pain is affected by
the social milieu such as changes in the family, cultural, and work environ-
ment), and psychological processes (e.g., propensity to respond to pain
with fear or anxiety). Research methodologies that capture the interplay
and reciprocal relationships between pain and biological, psychological,
and social processes are especially needed;

* Exploration of a broader perspective to the painful TMDs, beyond the cur-
rent dominant two-axis approach; a recent five-axis approach (diagnostic
criteria, common features, common comorbidities, consequences, and
putative mechanisms) illustrates an example of classification approaches
that may provide greater utility for furthering research on the painful TMDs;
and

* Use of current taxonomic research approaches and bioinformatics to
refine current TMD taxonomy, improve clinical assessment, and optimize
research through better defined case definitions and better approaches to
classification.
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Widespread dissemination of these tools, coupled with provision
of training in order to maximize the information yield from these
tools, to general practice dentists is needed; primary care clinicians
need to be apprised of these developments so that targeted referrals
and appropriate expectations of good clinical practice will occur.

Conclusion 2-3: The biopsychosocial model is most closely aligned
with and has the best evidence for addressing the range of temporo-
mandibular disorders (TMDs) with the goal of improving quality
of life—including physical, psychological, and social function—
for individuals with a TMD. It will be necessary to incorporate
evidence-based medicine principles into all theoretical views in
order to address the long-held divisions within the dental profes-
sion regarding the causes of TMDs. Clinical experience, while im-
portant, must be augmented by epidemiological data and controlled
evidence regarding disease mechanisms, appropriate and necessary
diagnostic methods, and strongly theory-based interventions.

Conclusion 2-4: In many individuals, temporomandibular disorders
(TMDs) resolve without medical or dental treatment interventions.
In other individuals, TMDs progress to becoming chronic condi-
tions; in addition, TMDs may be components of a multi-system
disorder across biopsychosocial domains. Research is needed to
identify why symptoms resolve in some cases and progress in others
and how to better target different types, intensities, and timings of
interventions.
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Individual and Societal Burden of TMDs

I am 31 years old and have suffered from TMD since I was 8 years old.
My jaw cracks and pops, and I live with almost constant pain. My jaw
is stiff and sensitive to the touch. The tension and pain often causes neck
pain, tension beadaches, and migraines. My jaw often causes so much
discomfort while 1 am eating that I have to stop or avoid certain foods
altogether. 1 have tried soft food diets and pain medication, but it is a
daily struggle. The lack of appropriate care and knowledge about the
disorder make it difficult to live with.

—Lauren W.

This chapter reviews temporomandibular disorders (TMDs) from a
public health perspective—examining the individual and societal burdens of
living with a TMD.! The chapter begins by summarizing TMD prevalence
estimates (i.e., the number of TMD cases present in a population at a given
time) for adults and children based on nationally representative population-
based studies of the United States (and other countries) as well as examples
from smaller regional or clinic-based surveys using more extensive assess-
ments of TMD symptoms. These studies highlight the large, often two-fold
or greater, differences in the prevalence of TMD symptoms commonly
found across demographic groups by factors such as age, sex, and ethnicity.

IThis chapter draws on a paper commissioned by the Committee on Temporomandibular
Disorders (TMDs): From Research Discoveries to Clinical Treatment on “Prevalence, Impact,
and Costs of Treatment for Temporomandibular Disorders,” by Gary Slade and Justin Durham
(see Appendix C).
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Incident TMD (i.e., the rate at which new cases develop) is also reviewed,
but those estimates are based on relatively few studies. Following this, the
individual and social burdens of TMD are reviewed, again demonstrating
the scarcity of research in this area. Finally, the chapter closes with a sum-
mary of what is known about TMD risk factors and how TMDs fit into
the larger multi-system schema and other comorbidities.

PREVALENCE OF TMDs

The national prevalence of TMDs is difficult to estimate due to chal-
lenges in conducting clinical examinations on a large scale, such that most
prevalence data are based on self-reported symptoms associated with TMDs
rather than examiner-verified classification. For example, one analysis
found that an estimated 11.2 to 12.4 million U.S. adults (4.8 percent of the
population) in 20182 had pain in the region of the temporomandibular joint
(TM]) that could be related to TMDs (Slade and Durham, 2020). Orofacial
pain symptoms may or may not be related to TMDs. These self-reported
symptoms of pain in the TM]J region are not equivalent to an examiner-
verified diagnosis but rather indicate the possibility of an underlying TMD
being present. As discussed in Chapter 2, TMDs represent a range of diverse
and multifactorial disorders that can affect individuals across the general
age range of adolescence to elderly and that can have significant impacts
on an individual’s health and quality of life.

Prevalence estimates of TMDs also delineate the wide range in the
extent of the severity and impact of these disorders on individuals—some
individuals with a TMD have an intermittent or treatable manifestation of
the disorder, whereas others suffer from more severe disorders that are often
intractable, persistent, and lead to significant impairment and disruption of
life. By some estimates, up to 40 percent of patients with signs and symp-
toms of a TMD will have their symptoms resolve spontaneously (Scrivani
et al., 2008). Sounds in the TM]J and deviation on opening the jaw appear

2The prevalence estimate takes into account the survey sampling variability. The estimate
is based on 2017-2018 National Health Interview Study (NHIS) data. These data are self-
reported and therefore there are limitations in the data in the form of recall bias, the lack of
examiner-verified diagnosis, and the fact that children, individuals in assisted living facilities,
military personnel, and the incarcerated are not included in the NHIS survey population.
It is also the case that the NHIS survey question related to orofacial pain symptoms is not
specific to TMD and lacks the specificity to rule out non-TMD conditions. Given that many
individuals may have intermittent pain that does not progress to a diagnosed TMD, the NHIS
question about whether an individual experienced pain in the temporomandibular joint region
for one whole day may lead an overestimation of individuals with orofacial pain. However,
major health surveys such as NHIS are common sources for estimating the national or state-
level prevalence of various diseases and behaviors, and the committee believes this prevalence
estimate provides a valid analysis using some of the best national data available.
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frequently (approximately 50 percent of the population) and are considered
normal and not requiring treatment. More concerning signs and symptoms
include decreased mouth opening and occlusal changes (approximately
5 percent of the population) (Scrivani et al., 2008). A complex pattern
of change in biopsychosocial function is often associated with changes in
TMD status (Ohrbach and Dworkin, 1998; Fillingim et al., 2018). Aside
from broad patterns observed across individuals experiencing a TMD, little
is known about the immediate period of painful TMD onset, the subsequent
period for some individuals when acute pain transitions to chronic pain, or
the later stage when chronic pain either improves or continues.

TMDs are part of the larger burden of pain. Chronic pain is estimated
to affect approximately 50 million to 100 million adults in the United
States (IOM, 2011; Dahlhamer et al., 2018). Annual national costs associ-
ated with chronic pain were estimated to be $560 billion to $635 billion in
2011 (IOM, 2011). The prevalence of other common chronic pain condi-
tions such as fibromyalgia (Clauw, 2014), chronic low back pain (Meucci
et al., 2015), and migraine (Burch et al., 2018) is likely comparable to that
of pain in the area of the TM] in U.S. adults. While there are limitations in
comparing the relative magnitude of painful conditions (e.g., how the ques-
tion was asked of study or survey participants), the committee believes esti-
mates of the prevalence of orofacial pain or TMD symptoms place TMDs
well within the context of other highly prevalent conditions and therefore
demanding equal attention and care in addressing the burden of TMDs.

High-Impact Pain and TMDs

While existing data demonstrate that TMDs are highly prevalent, it is
also important to consider the severity of TMD symptoms and their impact
on daily life and function. Velly and colleagues (2011) recruited a mixed
community-based and clinical sample of 480 adults in the Minneapolis/
St. Paul, Minnesota, area with muscle or joint pain due to a TMD. At
baseline, 42 percent of individuals reported high pain intensity, but only
12 percent of the sample reported higher levels of disability. At 18-month
follow-up, 26 percent of the sample reported high pain intensity, and 6 per-
cent reported higher levels of disability. Another study, which recruited 399
patients seeking care for a TMD, found that 61 percent reported no dis-
ability, 27 percent low disability, and 12 percent high disability (Kotiranta
et al., 2015).

More recently, data from the Orofacial Pain Prospective Evaluation
and Risk Assessment (OPPERA) study investigated the prevalence and pre-
dictors of high-impact pain among 846 people with a TMD (Miller et al.,
2019). High-impact pain was defined as either having high pain intensity
and low pain-related interference or having moderate to high levels of
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self-reported, pain-related interference. They found that approximately
one-third of the study population had high-impact pain, and individuals
with high-impact pain showed greater limitations in jaw function, higher
pain sensitization, and greater tenderness to palpation of multiple body
sites. According to 2016 NHIS data of 42,370 adult participants, the
prevalence of high-impact chronic pain was also elevated nearly four-fold
(26.9 percent versus 7.0 percent) in people with orofacial pain symptoms
(Slade and Durham, 2020). The TMJ may be part of a constellation of
anatomic sites of high-impact chronic pain with possibly shared underlying
etiology and resulting in moderate to severe pain and some level of pain-
related disability for some individuals with a TMD.

Challenges Estimating TMD Prevalence

The prevalence of pain conditions such as TMDs is usually measured
in cross-sectional health surveys that ask respondents about pain symptoms
that are characteristic of the particular condition—in this case, TMDs.
In some instances a clinical evaluation will also be conducted, with the
goal of properly distinguishing pain symptoms caused by a TMD from
pain symptoms caused by other types of pathology. The primary require-
ments for the valid estimation of TMD prevalence are a selection of a
representative sample of study participants from the target population of
interest; accepted case definitions based on valid and reliable questions
or examination methods to classify the presence or absence of TMD pain
in each study participant; and sufficient numbers of study participants to
estimate the prevalence with reasonable precision. The literature reporting
the prevalence of TMDs varies substantially across studies, with much of
the variability attributable to differences in the methodologies used, par-
ticularly differences in case definitions (see Chapter 2 for an overview of
the issues and evolution of research and diagnostic criteria used to estab-
lish case definitions for TMDs) and study populations. Sampling strategies
vary considerably, ranging from large population-based studies using form
survey sampling methodology to convenience samples from small clinical
populations. Moreover, TMD prevalence varies as a feature of demographic
factors such as age, sex, race, and ethnicity, which makes clear the need for
reporting findings within demographic strata. Given these issues, making
valid comparison of prevalence estimates across studies must be done with
careful attention to underlying methodological differences.

Conclusion 3-1: The prevalence of temporomandibular disorder
(TMD) symptoms varies widely across studies depending on the
assessment used and the population studied. Based on one analy-
sis of 2017-2018 data, an estimated 4.8 percent of U.S. adults
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(an estimated 11.2 to 12.4 million U.S. adults) had pain in the
region of the temporomandibular joint that could be related to
TMDs. Based on this information, it is likely that TMDs are the
most prevalent type of chronic orofacial pain and TMDs may be
comparable in prevalence to other chronic pain conditions such as
fibromyalgia, chronic low back pain, and migraine disease.

Prevalence of TMDs in Adults

National Population-Based Studies

NHIS is a federally sponsored recurring survey that provides nationally
representative measures of many health conditions, along with health-re-
lated behaviors and socio-demographics. The NHIS uses rigorous sampling
methodology to collect data annually from approximately 87,500 civilian,
non-institutionalized persons. In most of its annual surveys conducted since
1987, orofacial pain symptoms have been assessed using a single-item ques-
tion asked of all respondents age 18 years or older:

The following questions are about pain you may have experienced in the PAST
<REFERENCE PERIODs>. Please refer to pain that LASTED A WHOLE
DAY OR MORE. Do not report aches and pains that are fleeting or minor.
During the PAST <REFERENCE PERIOD>, did you have facial ache or
pain in the jaw muscles or the joint in front of the ear?

This question serves as the assessment tool for TMDs for NHIS sur-
veys. A limitation of this assessment tool is that it lacks sufficient specificity
to rule out other non-TMD conditions that can present with similar symp-
toms (e.g., other orofacial pain conditions), likely leading to an overestima-
tion of TMD prevalence. It may also miss non-painful TMDs and will not
reflect the various types of TMD an individual may have (see Chapter 2 for
an overview of TMD types).

The period prevalence of occurrence of at least 1 day of symptoms
depends on the timeframe over which the respondents are asked about hav-
ing a 1-day episode of symptoms. In 1989, when the reference period was
6 months, the period prevalence? of at least 1 day of TMD symptoms in
the U.S. adult population was 6.0 percent (see Appendix C). In subsequent
years, the reference period was reduced to 3 months, resulting in somewhat
lower prevalence estimates, ranging from 4.3 percent in 1999 to 5.2 percent

3Period prevalence is the proportion of a population that has the condition at some time
during a given period (e.g., 12-month prevalence), and includes people who already have the
condition at the start of the study period as well as those who acquire it during that period.
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in 2018, a numerical difference that is not statistically different. Overall,
the findings represent a fairly consistent period prevalence over the past
20 years.

Socio-Demographic Variation in Prevalence of
TMD Symptoms (NHIS 2017-2018)

The NHIS collects extensive data about socio-demographic characteris-
tics, other health conditions, and the health care usage of study participants,
making it possible to examine cross-sectional variations in the prevalence
of TMD symptoms (pain) according to those characteristics. However, it
should be emphasized that any observed cross-sectional associations do not
necessarily signify a causal relationship, in either direction, between those
characteristics and TMD symptoms.

In 2017-2018 the 3-month period prevalence of orofacial pain symp-
toms, according to the NHIS wording, differed appreciably according to
age, gender, race, and income (see Table 3-1; see Appendix C). Specifically,
prevalence was elevated approximately two-fold in females compared to
males, whites compared to Asian Americans, and individuals in low-income
households compared with those in high-income households. There was an
inverted-U relationship with age, with prevalence greatest in 45- to 54-year-
olds and lower in both the youngest (18 to 24 years) and oldest age groups.
In contrast, the prevalence did not vary appreciably according to ethnicity
or geographic region.

Prevalence of TMD Symptoms According to Health Care
Usage and Other Pain Conditions (NHIS 2017-2018)

In 2017-2018 the prevalence of orofacial pain symptoms tended to be
greater among people who had used health care in the preceding year than
among those who had not (see Table C-3 in Appendix C). Specifically, there
was an approximately two-fold higher orofacial pain symptom prevalence
associated with having seen a physical or occupational therapist, chiro-
practor, or medical specialist and a 1.5-fold higher orofacial pain symptom
prevalence associated with having seen a general physician. In contrast,
the prevalence of orofacial pain symptoms did not differ according to
whether participants had seen a dentist within the preceding year. It must
be emphasized that the 2017-2018 surveys did not inquire as to the reasons
for health care visits or, in particular, whether people with orofacial pain
symptoms sought health care because of those symptoms.

Larger differences in prevalence were seen relative to the presence
of other pain conditions (i.e., other than orofacial pain symptoms; see
Table C-3 in Appendix C). People reporting headache or pain symptoms
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in the neck, back, or joints had at least three times the prevalence of oro-
facial pain symptoms as people without those respective symptoms (see
Table C-3 in Appendix C). Using a simple count of those four body pain
symptoms, the 3-month period prevalence of orofacial pain symptoms was
32.4 percent among people with all four body pain symptoms, compared
with 1.1 percent among people with no body pain symptoms.

Community-Based Studies

Smaller regional studies of TMD prevalence have used varying assess-
ment methods and case definitions. For example, Manfredini and colleagues
(2011) conducted an analysis that included 21 papers, 15 of which dealt
with populations of patients with a TMD who underwent clinical exami-
nation and 6 of which examined community-based samples. The studies
of patient populations reported an average prevalence of 45.3 percent for
TMD-related muscle disorder diagnoses, 41.1 percent for disc displace-
ments, and 30.1 percent for TMD-related joint disorders. Results from the
community studies showed an overall 9.7 percent prevalence for muscle
disorder diagnoses. The prevalence estimates by subtypes of TMD diag-
noses showed substantial variation across these diagnostic groups.

Due to their similarities to U.S. populations, results from regional
studies in Canada are worth examining. Using formal sampling methodol-
ogy, Locker and Slade (1988) assessed TMD-associated symptom preva-
lence in adults 18 years and older in Toronto, Canada. Using a self-reported
measure of pain in the region of the TM] (i.e., “pain in front of the ear”),
they reported a prevalence of 5.0 percent among men and 9.5 percent
among women, whereas functional pain (i.e., “pain while chewing”) was
similar between men and women, at 7.4 percent and 7.7 percent, respec-
tively. No difference in pain measures was found between the younger
(<45 years of age) and older (45 years of age) age groups. When study
participants were given a list of nine questions about TMD symptoms,
48 percent endorsed at least one symptom, with joint sounds, tiredness or
stiffness of jaw muscles, and an uncomfortable bite being most common
(Locker and Slade, 1988). A telephone survey of a representative sample of
the French-speaking population of Quebec (Goulet et al., 1995) reported a
similar overall prevalence among men (5 percent) and women (9 percent),
with no age trend noted for either group. Frequent episodes of TM] clicking
and difficulty in jaw opening were found in 9 percent and 4 percent of the
respondents, respectively.
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Prevalence of TMDs in Children and Adolescents

Reports of the prevalence of TMDs in children and adolescents vary
widely. A systematic review (Christidis et al., 2019) that included six studies
(List et al., 1999; Nilsson, 2007; Wu and Hirsch, 2010; Franco-Micheloni et
al., 2015; Al-Khotani et al., 2016; Graue et al., 2016) reported prevalence
in children or adolescents based on clinical evaluations using the Research
Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) or the
Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) measures
(see Table 3-2). Overall prevalence estimates ranged from 7.3 percent to
30.4 percent. A systematic review by da Silva and colleagues (2016), which
was also based on the use of the RDC/TMD and which included a clini-
cal evaluation, reported the results from 11 studies from 8 countries. The
prevalence estimates ranged from 4.0 percent to 42.7 percent. The meta-
analysis associated with this study reported an overall prevalence across
all 11 studies of 16 percent, with clicking and jaw locking being the most
commonly reported symptoms. There was no overlap in the included studies
between the da Silva and colleagues’ (2016) and Christidis and colleagues’
(2019) systematic reviews.

Studies of the prevalence of TMDs among children have reported
mixed results on gender differences, with some studies reporting no dif-
ference in prevalence (LeResche, 1997; List et al., 1999; Magnusson et
al., 2005; Kohler et al., 2009; Marpaung et al., 2019). Care seeking and
pain intensity were reported to be higher among girls. There is evidence
that the prevalence of TMDs in children and adolescents increases with
age (Magnusson et al., 2005; Kohler et al., 2009; da Silva et al., 2016;
Marpaung et al., 2019). One study reported that pain severity was greater
in older than in younger adolescents (Howard, 2013).

INCIDENCE OF TMDs

Determining the incidence (i.e., the rate at which new cases develop)
of TMDs requires longitudinal (cohort) studies, where individuals are fol-
lowed over time and their symptoms assessed periodically. No nationally
representative cohort studies of TMD have been reported. Incidence data,
consequently, comes from smaller, community-based studies such as the
OPPERA study. This study provides the latest and best estimates to date of
the incidence of TMDs (see Box 3-1 for an overview of the OPPERA study).

Early Studies of TMD Incidence

Prior to the OPPERA study, investigators at the North Carolina study
site conducted a 3-year prospective cohort study of women age 18 to 34
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BOX 3-1
Orofacial Pain Prospective Evaluation and Risk
Assessment Study: Overview and Methods

The Orofacial Pain Prospective Evaluation and Risk Assessment (OPPERA)
study was a 7-year research study funded by the National Institute of Dental and
Craniofacial Research that began in 2005 seeking to identify potential risk factors,
genetic mechanisms, and clinical characteristics of temporomandibular disorders
(TMDs). Specifically, investigators were interested in developing further evidence
related to demographic factors that may be predictive for TMDs, the role of height-
ened responsiveness to noxious stimuli, psychosocial factors typically associated
with pain, and identifying the pathways in which genetic variants can influence
TMD onset and risk (Maixner et al., 2011). A major impetus behind the study was
the lack of robust data on risk factors for TMD onset because, to that point, many
of the studies looking at TMDs had focused on symptomatic individuals (Maixner
et al., 2011). Historically, the field had also struggled to come to consensus on the
development of comprehensive diagnostic classifications and criteria (Dworkin,
2011). The larger OPPERA effort comprised four observational studies including
a prospective cohort study of the first onset of TMDs, a baseline case—control
study of chronic TMD, a matched case—control study of incident TMDs, and a
prospective case—cohort study looking at the course of TMDs.

From 2006 to 2008 a diverse group of study participants were recruited from
four large academic health centers in the United States (University of Maryland,
Baltimore; University of Buffalo; University of Florida; and University of North
Carolina at Chapel Hill). Recruited individuals included 185 individuals with con-
firmed cases of TMDs based on the Research Diagnostic Criteria for Temporo-
mandibular Disorders by Dworkin and LeResche (1992) and 3,263 individuals who
did not have a TMD diagnosis or symptoms suggestive of TMDs at the beginning
of the study. To reduce the potential for assessment variability, clinical examiners
were trained together at the same location, were calibrated to a reference ex-
aminer, and performed mock examinations of volunteers who were not part of
the study in order to ensure reliability (Slade et al., 2011). A centralized data
coordinating center managed biological and data samples from all of the centers.

Prospective Cohort of First Onset: Eligible participants for this study included
individuals between the ages of 18 and 44 years without a diagnosis or symptoms
suggestive of TMDs. Upon completion of in-home questionnaires assessing TMD
symptom status, prospective study participants underwent a clinical evaluation
composed of psychological and physical examinations. Individuals selected to
participate in the study were asked to complete 28 entries in a pain diary within
a 4-week period and received follow-up questionnaires every 3 months (over the
duration of 5 years) to evaluate potential symptoms that suggested a TMD. If
symptoms were suggestive, a follow-up clinical examination was performed that
evaluated physical and psychological symptoms, sensitivity, autonomic function,
and genetic factors (Slade et al., 2011). Results from the study showed that about
3.5 percent of the participants developed TMDs over the course of the study
(Sanders et al., 2013a).

continued
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BOX 3-1 Continued

Baseline Case—Control Study (Chronic TMDs): Fifty percent of the TMD
symptom-free participants from the prospective cohort (1,633 individuals) were
randomly selected, and an additional cohort of 185 individuals with a confirmed
TMD (present for at least 6 months) were selected to participate. The majority
were between the ages of 18 and 24 years and were non-Hispanic white or African
American. Results from the study indicated a higher prevalence of TMDs with in-
creasing age and female sex and a higher incidence of TMDs in the non-Hispanic
white population (Slade et al., 2011).

Case—Control Study of Incident TMDs: Individuals in the prospective cohort of
first onset who developed a TMD were matched with TMD-free controls, and both
groups underwent a clinical evaluation to assess their symptoms.

Prospective Case—Cohort (TMD Course): Individuals in the prospective cohort
of first onset who developed a TMD were matched with TMD-free controls, and
both groups were invited to complete quarterly questionnaires detailing their
health and symptom updates. Six months after a participant was determined to
have a classified case of TMD that developed during the study, he or she was
invited to one of the four study sites to undergo a clinical evaluation to confirm
the TMD diagnosis.

years at the time of enrollment (Slade et al., 2007). When a participant was
enrolled, examiners verified that she did not have TMD, and symptoms
were monitored during follow-up with quarterly questionnaires. Any symp-
tomatic subjects were re-examined to determine the incidence of examiner-
classified TMD. The annual incidence rate that this approach yielded was
3.5 percent.

In a prospective cohort study of 11-year-olds who were enrollees in
the Group Health Cooperative in Washington State, 6.8 percent developed
examiner-verified TMD during the 3-year follow-up period, for an annual-
ized incidence rate of 2.3 percent (LeResche et al., 2007). Study participants
were monitored during the follow-up period using quarterly questionnaires
to screen for new symptoms of TMDs, similar to the methodology used in
the OPPERA study. The incidence rate in adolescents was nearly twice as
high in female as males, and it was greater in whites than in other racial
groups. Among the strongest predictors of elevated incidence was the pres-
ence of other pain conditions at baseline (i.e., headache, back pain, and
stomach pain).

Adult enrollees in the same health maintenance organization who
had first been enrolled in 1986 were also followed prospectively and re-
interviewed after 3 years, with no intervening surveys (Von Korff et al.,
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1993). Among those subjects who had no history of a TMD when enrolled,
6.5 percent reported TMD symptoms 3 years later.

Another community-based study (Plesh et al., 2012) reported a similar
overall annual incidence (3.9 percent) of facial pain in a biracial cohort;
the prevalence and incidence were higher in white women than in black
women.

TMD Incidence in the OPPERA Study

In the OPPERA prospective cohort study, facial pain symptoms were
assessed by questionnaire once every 3 months among 2,719 adults aged
18 to 44 years who had no history of a TMD when enrolled (Slade et al.,
2013c). During the median 2.3-year follow-up period, one-third of cohort
members developed at least one symptom episode (e.g., facial pain for
>5 days per month for >1 month during a 3-month reporting period). This
represented an initial symptom rate of 18.8 episodes per 100 people per
annum. For those who developed one such episode, the rate of recurrence
doubled, and it doubled again in the follow-up of those with recurrent
symptoms. For one-quarter of the episodes, symptom severity was rated as
7 or higher using a 0 to 10 rating scale, consistent with “severe” clinical
pain (Slade et al., 2013c).

A large majority of these symptom episodes were subclinical, in that
a subsequent examination found that the episode in question did not meet
the criteria for a clinical TMD, as determined using the RDC/TMD (Slade
et al., 2013c¢). These criteria are both the self-reported symptom episodes,
as defined in the preceding paragraph, and examiner findings of arthralgia
(i.e., pain in the TM]) during jaw maneuver or digital palpation or myalgia
(i.e., pain during jaw maneuver or digital palpation in >3 of 8 muscle
groups, each assessed bilaterally: temporalis, masseter, lateral pterygoid,
submandibular) or both. The annual incidence rate of clinically classi-
fied TMD was 3.9 percent per annum, which was one-fifth of the rate of
symptom onset (Slade et al., 2013a). This discrepancy in rates is one reason
that the impact of TMD in the community at large represents a “symptom
iceberg,” a term referring to symptoms that are not managed by health care
professionals (Slade et al., 2013c, 2016).

Stated another way, the 3.9 percent per annum rate of examiner-clas-
sified TMD means that for every 100 TMD-free people enrolled, nearly 4
individuals per year developed the condition. Among those who became
symptomatic and were found to have an examiner-classiied TMD, pain
occurred as a singular episode in 12.3 percent, as a recurrent episode in
65 percent, and as a persistent episode in 19.2 percent. Among all inci-
dent cases in the OPPERA study, pain was most commonly reported as
arthralgia and myalgia (73 percent of the incident cases); the next most
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common presentation was myalgia alone (23 percent of incident cases). The
incidence was greater in the older age groups, but it did not vary signifi-
cantly by gender. With respect to race and ethnicity, there was a three-fold
greater incidence in the highest group (blacks) than in the lowest (Asians).
The threshold for incident case classification was =5 days with TMD pain
symptoms per month over more than 1 month during a 3-month reporting
period (Slade et al., 2013a).

From the original group of 260 people with first-onset TMDs, 147 were
re-examined 6 months later, and 49 percent of those (n=72) had persistent
TMDs and 51 percent (n=75) had transient TMDs (Meloto et al., 2019).
Persistence of symptoms was more likely in the younger age groups, in fe-
males, and in non-Hispanic whites. Several other characteristics were also
predictive of persistence, including clinical pain and the degree of limitation
in jaw opening. However, DC/TMD psychosocial variables did not improve
the ability to predict an individual’s risk of developing a persistent TMD
(Meloto et al., 2019).

Data Collection Challenges and Opportunities:
Prevalence and Incidence Studies

The overall prevalence estimates from the NHIS have been consistent
for decades and suggest that additional cross-sectional national surveys of
TMDs (when defined as symptoms related to facial pain) are unlikely to
result in substantially different findings. As with many other studies there
are limitations in the NHIS datasets:

* The data are self-reported and subject to recall bias.

* The data are cross-sectional, precluding causal inferences. This may
be particularly relevant for many of the associated factors such as
socioeconomic status, which can be both a risk factor for TMDs and
a result of TMDs.

* There was no TMD treatment information to assess the prevalence
of TMDs among those with and without treatment.

* NHIS excludes important populations, including active-duty mili-
tary, residents of long-term care facilities or prisons, and children.

As made clear by the data above, one message that emerges from preva-
lence and incidence studies of TMDs in adults and children is that pain in
the region of the TMJ is common, although it varies significantly by demo-
graphic groupings. For example, in most studies women report experiencing
symptoms more often than men, African Americans report fewer symptoms
than whites, and the overall prevalence varies with age although not always
in consistent ways. The case definitions for diagnosing a TMD include a
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physical examination in addition to symptom elicitation, and these have been
included in several high-quality incidence studies but appear infrequently in
population-based prevalence studies. There are also important differences
in prevalence reported between child and adolescent populations and adult
populations.

The above research suggests that there are important subtypes of TMDs
that have highly variable clinical presentations and natural histories. Iden-
tifying a patient’s disease subtype is likely to be indispensable for assigning
patients to appropriate treatment pathways. Unfortunately, little is now
known regarding how to assign patients to appropriate care pathways.
The current lack of population-based longitudinal studies is a clear gap in
TMD research. This gap hampers efforts to understand risk and prognostic
factors, which impedes the selection of optimal treatment pathways. Addi-
tional clinical and epidemiological research is needed to close this research
gap. Longitudinal, population-based research could identify predictive fac-
tors or prodromal stages that precede clinical disease manifestation and
guide the development of prevention interventions.

When the prevalence of signs and symptoms varies across demographic
categories, there is a suggestion that non-clinical factors (e.g., social deter-
minants) may also play a role in the onset and persistence (clinical course)
of TMD symptoms. Thus, additional epidemiological studies that include
non-clinical factors such as social determinants could shed new light on the
etiology and prognosis of the various TMDs.

As with all epidemiological and clinical research, standardized defini-
tions and methods aid in comparing research results across studies. Varia-
tion in case definitions among TMD studies has historically been one of
the biggest challenges in this regard. Fortunately, efforts to develop a con-
sistent and reliable case definition have seen the TMD-focused clinical and
research communities begin to come together with the development and use
of the DC/TMD (see Chapter 2). This should lead to improved research
methods and, ideally, to better outcomes from TMD treatment.

Conclusion 3-2: Nationally representative longitudinal studies of the
incidence, prevalence, and disease course of temporomandibular dis-
orders (TMDs) using the Diagnostic Criteria for Temporomandibular
Disorders would advance understanding of TMD etiology, risk, and
prognosis and support the ability to develop clinical practice guide-
lines and treatment pathways.

BURDEN AND COSTS OF TMDs

The committee heard from a number of individuals about the high
financial and emotional toll of living with a TMD. A number of patients
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reported having had significant challenges working with dental and medical
insurance companies to cover TMD-related care. Patients said they spent
many thousands of dollars (e.g., $25,000) out of pocket for tests, appli-
ances, and care not covered by insurance. Some patients noted that they
had to quit their jobs because the symptoms made working unbearable. In
addition to financial burdens associated with living with a TMD, the voices
of patients provide real-world situations and experiences that illuminate
and provide important context to the scientific literature. These individual
experiences have been shared through the TM] Patient-Led RoundTable
(Kusiak et al., 2018, pp. 9-11) and include the following barriers, chal-
lenges, and experiences:

* “Women treated in a male-dominated environment;

* Failure of health professionals to acknowledge or explain the sever-
ity and complexity of TMD in marketing to the public;

* Chaos and controversy that abounds in the TMD treatment arena
where patients receive different diagnoses and treatment plans from
different practitioners, risking patient healthcare decisions in the face
of sometimes conflicting information;

e Patient abandonment when the treatments prescribed by the pro-
vider doesn’t alleviate their condition or worsen it;

e Patients blamed when the treatments fail;

* Financial loss and bankruptcy due to the costs of TMD health care,
unpredictable insurance coverage for TMD treatments, requirement
by practitioners for patients to pay for services in cash in advance,
encouraging patients to take personal loans, and sign contracts with
financial companies affiliated with the dental practice;

* Harm from treatments that received FDA approval;

* Betrayal by and loss of trust in dentists and other practitioners with
whom they have entrusted their well-being;

* Desperation to get relief trying any treatment, regardless of its sci-
entific validity;

* The stigma of a condition that isn’t readily obvious to friends, fam-
ily, and the general public;

* Social isolation from friends and family leading to loneliness, anxi-
ety, and depression;

* Dramatic changes in physical appearance resulting from the disorder,
treatment, nutritional problems, and severe weight gain/loss. Facial
deformities causing diminished self-esteem, shame and revulsion,
the shock of no longer recognizing themselves when looking in the
mirror, and the ultimate shame of being stared at in public;

* Social consequences such as: job loss; divorce; abandonment of
career, educational, and personal ambitions; abandoning the idea
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of having children; inability to assume household and child-rearing
responsibilities; and changed family roles;

* Physical inability for restaurant dining—society’s way of interacting
in a social or business setting. Those who feel like going out suffer
the embarrassment imposed by the masticatory inadequacy, such as
having food fall out of their mouths or choking;

* Loss of valuable friendships and inability to participate in daily ex-
periences and pleasures normal people take for granted;

* The effect TMD on the sex lives of both the patient and partner—the
once pleasurable sensations of being touched, hugged, kissed, having
one’s face stroked, and all the things that are an integral part of love-
making and affection sharing, are, for many, excruciatingly painful;

* Thoughts and attempts of ending one’s life/suicide.”

The burden, costs, and public health significance of TMDs in the
general population can be directly quantified using objective measures of
treatment costs available through clinical studies or insurance claims data
on usage (e.g., the number of visits to health care professionals for TMD-
associated services). More challenging to obtain are estimates of indirect
or opportunity costs such as time lost from work, but these too can be
translated into economic terms.

Subjective measures such as quality of life are important to measure
when considering TMDs, as they are associated not only with facial pain
and functional limitations but also with alterations in activities of daily
living, disruption of work and social life, poor sleep, and other disrupted
activities. These impacts on quality of life can be converted to quality-
adjusted life years or disability-adjusted life years for use in economic
analysis. An assessment of the burden of TMDs begins with the prevalence
estimates discussed above, which indicate how significant a percentage of
the population has suffered at any one time from TMD symptoms.

The costs of care associated with TMDs are not well captured in insur-
ance claims data in the United States for several reasons. First, TMDs are
managed in both dental and medical settings, leading to a split in where
cost information is located. Furthermore, when care is paid out of pocket,
as much of dental care is, there is little opportunity to capture the cost.

TMD Care Usage and Costs

The health impacts of TMDs have been examined primarily in smaller
clinical studies or with surveys, with the general finding that both acute
and chronic TMD-associated pain motivate most individuals to seek pro-
fessional health care. Moreover, chronic TMD pain is often comorbid with
migraine, fibromyalgia, and other forms of widespread pain.
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In a study of chronic orofacial pain (not specific to TMDs), the Devel-
oping Effective and Efficient Care Pathways for Patients with Chronic Pain
(DEEP) study, Durham and colleagues (2016b) estimated the direct costs
for care in a primary care population of 198 patients recruited across 10
dental and 25 medical practices in the United Kingdom. Individuals were
also recruited from secondary care facilities including emergency dental
clinics. The costs were calculated for three categories of care: consultation
costs (visits to health care professionals for discussion), medication costs,
and appliance (dental/surgical) and intervention (dental/medical/surgical)
costs. The mean duration of pain in these patients was 108.4 months, and
they averaged consultations with four health care professionals during this
time, with 93 percent receiving at least one treatment. Women made up
81 percent of the patients seeking treatment. The total health care usage
costs (compiled since each patient’s orofacial complaints began) averaged
£1,751 (approximately $2,280), with consultations having the highest cost.
The DEEP study found that orofacial pain had a substantial impact on the
individual and the UK economy through lost productivity and on the health
care system due to disorganized care pathways increasing the number of
consultations required to diagnose the condition and care for the patient.
(See Slade and Durham, 2020, in Appendix C for a detailed report of the
UK study’s methodology and outcomes.) The direct costs from DEEP are
not easily translated from the United Kingdom to the United States due to
the substantial differences in how health care is paid for in the two coun-
tries. It is also possible that the care pathways typical for TMD patients
in the United Kingdom differ from those in the United States. Further
research using representative datasets or cohorts within the United States
will be required to fully understand the care usage and costs for TMDs in
this country.

Katsoulis and colleagues (2012) reported cost results from a Swiss
study of 242 clinical TMD patients and found that the average cost for just
the dental treatment (splint, findings, diagnostics, and planning and manu-
facturing splints) was 1,778 Swiss francs (approximately $1,800). However,
for many patients additional costs were incurred for ancillary, non-dental
services such as physiotherapy, physician’s services, and loss of earnings.

Riley and colleagues (1999) measured health care usage related to pain-
ful orofacial symptoms, including jaw joint pain, in a telephone survey of
1,636 older adults (265 years of age) in the United States. The researchers
found that 125 (7.6 percent) reported jaw joint pain and 56 percent of
those with jaw-related symptoms reported using health care services in the
past 12 months with 41 percent visiting a physician, 11 percent a dentist,
6 percent a nurse practitioner, and 11 percent other caregivers. Those with
jaw joint pain who reported service use averaged 6.7 visits with health care
professionals in the prior 12 months.
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Macfarlane and colleagues (2002) surveyed 2,504 adults (18 to 65
years of age) from general medical practices in the United Kingdom with re-
spect to broadly defined orofacial pain. The overall prevalence of orofacial
pain was 26 percent with symptoms decreasing with age and being more
common in women (30 percent) than in men (21 percent). Among all oro-
facial pain patients, 46 percent sought advice from dentists or physicians,
and 17 percent took time off from work or had a disruption of activities of
daily living as a consequence of their pain.

Hobson and colleagues (2008) found that patients with a TMD used
10 to 20 percent more general dental services than individuals without a
TMD, and White and colleagues (2001) found that patients with a TMD
used more health services overall. In a survey sent to school-aged adoles-
cents, those with TMD pain reported more school absences than healthy
age- and sex-matched individuals (Nilsson, 2007).

It is clear both from the quantitative data presented in the DEEP study
and from other reviews of the qualitative data that the journey to seek
appropriate diagnosis and care can be long and costly in terms of both the
impact on the individual and the effect on an individual’s personal finances.
This is mirrored on a societal level in the health care usage costs and the
economic costs of TMDs. The personal impact on an individual’s quality of
life is consistent over the entire course of their search for diagnosis and care,
and it is similar to the impact of other, more well-known conditions such
as arthritis and depression. The health care usage costs remain consistent
over time and are all dominated by the cost of multiple consultations with
different specialties or providers. Despite the level of intervention received,
within the DEEP dataset, at least, it seems that the probability of improve-
ment from high-impact pain was low (48 percent probability of moving
from a high score on the Graded Chronic Pain Scale to a low score on this
scale over a 6-month period) (Durham et al., 2016b).

In a secondary analysis of results from the DEEP study that used the re-
sults for participants indicating TMD/musculoskeletal as the source of their
persistent orofacial pain (Slade and Durham, 2020), researchers found that
those individuals living with TMDs differ from those with other persistent
pain conditions in that they have an exceedingly low absenteeism rate, but
the quality and quantity of the work that they can provide for their em-
ployer is affected (12 percent decrease for each) (Slade and Durham, 2020).
This results in a considerable “hidden” cost to the employer—calculated to
be between £584 and £1,225 in lost productivity for each 6-month period
they are at work with a TMD (Slade and Durham, 2020). The researchers
found that these data on absenteeism were less than work absenteeism for
individuals with migraines (Slade and Durham, 2020).
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Quality-of-Life Burden

TMDs are characterized by and often defined by a wide range of symp-
toms. These can include acute or chronic pain in masticatory muscles and
the pre-auricular region, jaw muscle soreness, limited range of jaw move-
ment, and TM] noises. Those with a TMD often have comorbid conditions
such as headache, sleep disturbances, and bruxism as well as more general-
ized conditions (e.g., fibromyalgia). The impact of these TMD-associated
symptoms on an individual’s quality of life varies by the specific symptoms
as well as by their severity and chronicity.

Quality of life can be measured using simple questionnaires asking
an individual to endorse items from a list of symptoms and inferring their
impact. This approach tends not to be very generalizable, because the im-
pact of signs or symptoms of a disease on overall quality of life can vary
in unknown ways among individuals and across cultures. As a result, in-
struments have been developed specifically to measure quality of life. Such
instruments tend to be of two types, generic health-related, quality-of-life
measures and disease-focused or topically focused instruments such as the
Oral Health Impact Profile (Locker and Slade, 1993).

Generic health-related, quality-of-life instruments can be as simple
as a single item asking a person to rate his or her overall well-being or as
complex as instruments that assess quality of life across multiple domains.
These instruments vary in their validity and in their mode of administration
(e.g., self, interviewer, telephone). Detailed descriptions of the numerous
health-related, quality-of-life instruments is beyond the scope of this report,
but further information is available on quality-of-life instruments as applied
to TMDs (Ohrbach, 2010). It can be argued that overall health-related
quality of life is in fact the most important thing to measure if one wants
to understand the extent to which a disease state affects an individual’s
psychosocial well-being. Oral-health-focused instruments were developed
out of concern that generic health-related, quality-of-life instruments might
be insensitive to oral health status. With their focus on oral health condi-
tions and concerns, the instruments were thought to be useful in directing
attention to oral health and to have the sensitivity to measure changes in
oral health status over time. Commonly reported instruments include the
Oral Health Impact Profile (Locker and Slade, 1993) and the Oral Health
Impact Profile-14 (Locker and Allen, 2002).

Psychosocial Measures of TMD Impact

In the UK DEEP study (Durham et al., 2016b; Slade and Durham,
2020), quality of life was consistent across study time points. When the
results were pooled across all five time points (347 complete observations),
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the mean utility value of an individual’s quality of life was 0.68 (95% con-
fidence interval [CI] 0.66-0.71). Compared with other datasets from the
United Kingdom, this impact on the quality of life was similar to that ex-
erted by diabetes (0.72), arthritis (0.64), depression (0.64), and myocardial
infarction (0.64) and was greater than that of stroke (0.80) and lower than
that of back pain (0.47). There was also a degree of consistency across
time points in the multidimensional nature of the pain. When the data were
pooled across time points (358 complete observations), the mean (95% Cls)
scores per domain were pain severity (39.4, 95% CI 37.4-41.2); interfer-
ence (36.8, 95% CI 34.9-38.6); life control (61.9, 95% CI 59.8-64.1);
affective distress (46.2, 95% CI 44.3-48.0); and support (49.8, 95% CI
47.0-52.7). The DEEP study compared these values with normative values
for low back pain, burning mouth syndrome, and fibromyalgia and found
a comparable pain intensity, affective distress, and level of support for the
patient between burning mouth syndrome and painful TMDs. TMDs are
associated with less loss of control in life circumstances than burning mouth
syndrome, but they exert higher levels of interference in daily activities. In
comparison to the more generalized persistent pains of low back pain and
fibromyalgia, TMDs seem to exert less impact across most domains, with
the exception of affective distress, where it would appear they cause more
affective distress.

Several recent systematic reviews have confirmed that TMDs are associ-
ated with a decrease in oral health—related quality of life. Bitiniene and col-
leagues in a 2018 systematic review of 12 studies reported that 10 studies
documented correlations between TMDs and lower quality of life. Similar
results were found in a 2010 systematic review (Dahlstrom and Carlsson,
2010), where all 12 of the reviewed studies found oral health-related qual-
ity of life was negatively impacted in individuals diagnosed with a TMD.
The reviewers did not report the magnitude of the impact, but they reported
that pain was the most important aspect of TMDs associated with reduced
oral health-related quality of life. John and colleagues (2007), using the 49-
item Oral Health Impact Profile, reported that quality of life was negatively
impacted in TMD patients; disc displacement with reduction had the least
impact on quality of life of all of the RDC/TMD diagnoses.

Many of the studies of quality of life report no difference between the
sexes. Increasing age has been shown to be associated with worse quality-
of-life measures (John et al., 2007; Rener-Sitar et al., 2013). There was
also a clear dose-response relationship reported across 12 studies in the
systematic review by Bitiniene and colleagues (2018), where the more severe
the TMD symptoms, the lower the quality of life. Importantly, the impact
of TMDs on oral health-related quality of life is reported to be greater than

almost all other orofacial diseases and illnesses or conditions (Dahlstrom
and Carlsson, 2010).
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Data Collection Challenges and Opportunities: Cost Studies

Studies assessing the direct and indirect costs specific to a TMD diagno-
sis are rare. Research into the direct and indirect costs of TMD is needed,
especially in light of the changing policies around health care delivery. As
value-based care takes hold, the personal, social, and economic impact of
chronic TMD will need to be included as part of the value proposition for
health care coverage. Associated with this will be the need to accurately
characterize patient outcomes of care so that interventions can be assessed
through comparative effectiveness studies.

COMORBIDITIES

TMDs have a high comorbidity with multiple medical conditions, in-
cluding other idiopathic pain conditions, systemic medical conditions that
include pain as a primary symptom, and health conditions whose primary
symptoms are not pain (Hoffmann et al., 2011; see Box 3-2). For example,
results from the OPPERA study demonstrate that individuals with a painful
TMD reported more pain conditions (e.g., back pain, irritable bowel syn-
drome, headaches) and a greater number of medical comorbidities, particu-
larly neural/sensory and respiratory conditions, than did controls (Ohrbach
et al., 2011). Also, individuals with a TMD reported significantly poorer
general health than controls. Similarly, population data from the NHIS re-
vealed significant comorbidity of jaw/face pain with other pain conditions
(back pain, neck pain, headache, joint pain) and with non-painful medical
conditions (e.g., hypertension, heart disease, asthma, sinusitis) (Plesh et
al., 2011b; Maixner et al., 2016). More recently, in a primary care setting,
treatment-seeking patients with a TMD with low or high levels of disability
reported more comorbid pain conditions and more general health-related
diagnoses than patients with no disability (Kotiranta et al., 2018). It is
important to recognize that these comorbidities could reflect pre-existing
conditions that increase the risk of a TMD. For example, systemic condi-
tions such as rheumatoid arthritis or Ehlers-Danlos syndrome could lead to
the development of TMD symptoms. Alternatively, TMDs may predate and
potentially increase the risk of other conditions, such as headache condi-
tions or psychological symptoms.

TMDs and Painful Comorbidities

TMDs are among the group of chronic pain conditions that have
been identified as chronic overlapping pain conditions due to their fre-
quent comorbidity and shared risk factors (Maixner et al., 2016). Other
chronic overlapping pain conditions frequently included in this group are
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BOX 3-2
Examples of Systemic and Comorbid Conditions
That May Co-Exist with TMDs

Individuals with a temporomandibular disorder (TMD) often also suffer from
other conditions—painful conditions, non-painful conditions, and more systemic
syndromes or disorders. The following systemic and comorbid conditions may
co-exist with TMDs:

* Ankylosing spondylitis in other body joints

e Asthma

e Back, neck, and joint pain

* Chronic fatigue syndrome

* Ehlers-Danlos syndrome

* Endometriosis

* Fibromyalgia

* Headaches

* Heart disease

* Hypertension

* Interstitial cystitis/painful bladder syndrome

e |Irritable bowel syndrome

* Juvenile idiopathic arthritis in other body joints

* Neural/sensory conditions

* Osteoarthritis in other body joints

* Poor nutrition due to alerted jaw function and/or pain while chewing

* Psoriatic arthritis in other body joints

* Respiratory conditions (e.g., sinus trouble, allergies or hives, asthma,
tuberculosis, breathing difficulties)

* Rheumatoid arthritis in other body joints

e Sinusitis

* Sjogren’s syndrome

* Sleep disorders (e.g., insomnia, poor sleep quality, longer sleep latency,
lower sleep efficiency)

* Somatic and psychological symptoms (e.g., depression, anxiety and post-
traumatic stress disorder)

e Systemic lupus erythematosus

e Tinnitus

* \Vertigo

e Vulvodynia

fibromyalgia, irritable bowel syndrome, vulvodynia, chronic fatigue syn-
drome, interstitial cystitis/painful bladder syndrome, endometriosis, head-
ache conditions, and low back pain, although this is not an exhaustive
list. As noted above, the OPPERA study showed significant comorbidity
of TMDs with several other pain conditions, including back pain, head-
ache, and irritable bowel syndrome (Ohrbach et al., 2011). Similarly, an
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analysis of the NHIS data revealed a significantly increased risk of TMDs
among individuals with headache, neck pain, low back pain, or pain-
ful joints (Maixner et al., 2016). Other studies have found that among
people with fibromyalgia, back pain, headache, irritable bowel syndrome,
chronic fatigue syndrome, and vulvodynia, the likelihood of having a
TMD is significantly greater than in the general population (Aaron et al.,
2000; Whitehead et al., 2002; Wiesinger et al., 2007; Nguyen et al., 2013;
Robinson et al., 2016; Florencio et al., 2017; Gallotta et al., 2017). More-
over, the presence of comorbid pain conditions is associated with a greater
severity of TMD symptoms (Visscher et al., 2016; Florencio et al., 2017).
The associations of TMDs with these comorbid pain conditions are likely
bidirectional in nature, such that these other pain conditions may develop
following TMD onset; however, some evidence suggests that premorbid
presence of other pain conditions increases the risk of developing a TMD
(Sanders et al., 2013a).

TMDs have also been associated with a variety of systemic conditions
that often include pain as a common symptom. Several rheumatologic
diseases show significant comorbidity with TMDs, including rheuma-
toid arthritis, ankylosing spondylitis, systemic lupus erythematosus, and
Sjogren’s syndrome (Aliko et al., 2011; Sidebottom and Salha, 2013;
Yildizer Keris et al., 2017; Zhang et al., 2017). TM]J osteoarthritis is one
subtype of TMD (Wang et al., 2015), but TMD symptoms are also more
prevalent in patients with osteoarthritis at other sites such as the hand
(Abrahamsson et al., 2017) and knee (Zhang et al., 2017). Moreover,
TMDs are substantially more prevalent in patients with rheumatoid arthri-
tis than in the general population (Bracco et al., 2010; Mortazavi et al.,
2018), and rheumatoid arthritis disease activity has been correlated with
the severity of TMD symptoms (Alstergren et al., 2008; Ahmed et al., 2013,
2015). A high prevalence of TMDs has been reported in children with
newly diagnosed juvenile idiopathic arthritis (Weiss et al., 2008; Muller
et al., 2009; Stoll et al., 2018). TMD signs and symptoms are also more
common in patients with Sjogren’s syndrome and psoriatic arthritis than in
controls (Crincoli et al., 2015; Zanin et al., 2019).

TMDs and Non-Painful Comorbidities

TMDs have also been associated with health conditions that do not
include pain as a primary symptom. An analysis of the NHIS data revealed
an association of TMDs with a variety of non-painful medical conditions
(Maixner et al., 2016).
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Respiratory and Sleep Conditions

The OPPERA study demonstrated a link between TMDs and various
respiratory conditions (Ohrbach et al., 2011). Specifically, individuals re-
porting at least one of five respiratory conditions (sinus trouble, allergies
or hives, asthma, tuberculosis, breathing difficulties) were 2.5 times more
likely to be chronic TMD cases than were controls. In addition, the oc-
currence of a TMD was 3.1 times higher among those reporting a history
of obstructive sleep apnea. Similarly, a population-based study in Korea
reported increased odds of TMDs among individuals with asthma and
rhinosinusitis (Song et al., 2018a), and a recent case—control study reported
an association between having a TMD and pneumonia, asthma, and aller-
gies (Fredricson et al., 2018). These cross-sectional findings do not address
the direction of the association between TMDs and respiratory symptoms;
however, findings from the OPPERA prospective cohort study showed that
the presence of one or more respiratory conditions predicted the future
development of a TMD (Sanders et al., 2013a).

Sleep disorders also show high comorbidity with TMDs (Olmos, 2016;
Almoznino et al., 2017). Smith and colleagues (2009) found that the major-
ity of people with a TMD met the criteria for at least one sleep disor-
der, and primary insomnia was associated with increased pain sensitivity.
More generally, patients with a TMD report poorer sleep quality, longer
sleep latency, and lower sleep efficiency (Sener and Guler, 2012; Lavigne
and Sessle, 2016). Furthermore, women with a TMD showed increased
respiratory-related arousals during sleep (Dubrovsky et al., 2014). As noted
above, self-reported obstructive sleep apnea was associated with a chronic
TMD in the OPPERA study (Ohrbach et al., 2011), and more symptoms
of sleep apnea conferred an increased risk of future TMD onset (Sanders et
al., 2013b). Sleep bruxism has also been linked with TMDs in some studies;
however, recent meta-analyses describe the evidence linking sleep bruxism
and TMD pain as inconclusive (Jimenez-Silva et al., 2017; Baad-Hansen
et al., 2019). Sleep and pain are likely reciprocally related, such that sleep
disturbance may be not only a consequence but also a risk factor for TMDs.
Indeed, the OPPERA findings showed that reduced sleep quality and sleep
apnea were pre-existing risk factors for TMD onset (Sanders et al., 2013b).

Hypermobility and Eblers-Danlos Syndromes

Ehlers-Danlos syndrome, a group of heritable connective tissue dis-
orders, represents another set of systemic conditions associated with an
increased risk of TMDs and other chronic pain conditions (De Coster et al.,
2005; Chopra et al., 2017; Mitakides and Tinkle, 2017). Chronic pain is
highly prevalent in this syndrome, including both regional and widespread
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pain, and TMD pain has been reported in up to 71 percent of patients
with Ehlers-Danlos syndrome (De Coster et al., 2005). TMD symptoms
in this syndrome are generally attributed to joint hypermobility and the
resultant instability of the mandible during masticatory function as well
as during maximal opening, which leads to protective muscle contraction
and subsequent further problems in functioning (see Chapter 2). Previous
findings have demonstrated associations between joint hypermobility and
TMD symptoms among individuals without Ehlers-Danlos (Perrini et al.,
1997; Ogren et al., 2012). However, pain in the syndrome has also been
associated with other mechanisms, including neuropathic features and signs
of central sensitization (Syx et al., 2017; Benistan and Martinez, 2019) as
well as myofascial pain due to protective muscle contraction.

Nutritional Challenges

Altered jaw function, including pain during eating and chewing, can
substantially affect nutritional habits among people with a TMD, which
can in turn reduce eating-related quality of life (Nasri-Heir et al., 2016).
However, information regarding the nutritional habits in patients with a
TMD is quite limited. A small cohort study of patients seeking treatment
for TMDs reported that eating was a problem for the vast majority of the
patients and that most reported eating a softer diet (Irving et al., 1999).
Raphael and colleagues (2002) reported that higher pain severity was asso-
ciated with a lower intake of dietary fiber among people with myofascial
TMD pain. While nutritional modifications are often a consequence of the
“soft diet” component of most TMD self-management programs (Durham
et al., 2016a; The TM] Association, 2017), little evidence has addressed the
benefits and adverse effects of addressing nutritional needs (Durham et al.,
2015; Nasri-Heir et al., 2016). Additional research is needed to elucidate
the role of nutritional factors in TMDs and to determine the clinical benefit
of nutritional interventions in these conditions.

Tinnitus and Vertigo

TMD has been associated with multiple otologic symptoms, such as
tinnitus and vertigo (Porto De Toledo et al., 2017; Manfredini, 2019).
Recent meta-analyses have reported bidirectional associations between
tinnitus and TMDs, with tinnitus being substantially more frequent in
patients with a TMD than in controls and TMDs being more common
among individuals with tinnitus than in those without (Bousema et al.,
2018; Omidvar and Jafari, 2019). Furthermore, the severity and duration
of TMD pain have been related to tinnitus in some studies (Hilgenberg et
al., 2012; Akhter et al., 2013). Other otologic symptoms have also been
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associated with TMDs, including hearing loss and vertigo/dizziness (Pekkan
et al., 2010; Effat, 2016). Regarding the direction of association, one study
found that palpation tenderness in the masticatory muscles predicted an
increased risk of future development of tinnitus over the ensuing 5 years
(Bernhardt et al., 2011).

General Somatic and Psychological Symptoms

Individuals with TMDs report a greater number of subclinical somatic
symptoms assessed via questionnaires (de Leeuw et al., 2005; Fillingim
et al., 2011; Chen et al., 2012). These assessments include many of the
symptoms described above (e.g., otologic symptoms, respiratory symp-
toms) as well as symptoms affecting other bodily systems (e.g., cardio-
vascular, gastrointestinal, musculoskeletal). TMDs are also associated with
an increased likelihood of psychological symptoms, including depression,
anxiety, and posttraumatic stress disorder, perceived stress, and pain-related
psychological processes, such as pain catastrophizing (negative cognitive-
emotional processing including rumination about pain) and kinesiophobia
(fear of movement) (Manfredini et al., 2009; Fillingim et al., 2011; Bertoli
and de Leeuw, 2016; Reiter et al., 2018; Tay et al., 2019). Moreover, pain
severity has been positively associated with these psychological factors
(Guarda-Nardini et al., 2012; Su et al., 2017; Natu et al., 2018). While
these somatic and psychological symptoms may reflect the consequences of
TMDs, as described below, some of these symptoms also represent impor-
tant risk factors for the future development of a TMD.

Conclusion 3-3: Even with a fragmented understanding of temporo-
mandibular disorders (TMDs) according to traditional public
health measures (e.g., prevalence, incidence), it is clear that TMDs
have a large public health impact and a significant bealth, social,
financial, and emotional burden on many individuals and families.

RISK FACTORS FOR TMDs

As described above, multiple painful and non-painful conditions and
symptoms have been associated with TMDs. It is impossible to determine
from cross-sectional studies whether these represent risk factors, conse-
quences, or coincidences, but numerous prospective studies have identified
premorbid factors that confer an increased risk of TMD onset or persis-
tence, or both. Furthermore, several socio-demographic factors are known
to be related to TMD risk.
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Family History and Genetic Factors

While chronic pain conditions have been found to show familial aggre-
gation (Matsudaira et al., 2014; Zadro et al., 2017), few studies have
examined this in people with painful TMDs. It is likely that TMDs have a
polygenetic underpinning although much remains to be discovered (see
Chapter 4 for more discussion of TMD genetics). Raphael and colleagues
(1999) found that TMDs and other painful conditions were no more com-
mon in first-degree relatives of people with a history of TMDs than in
first-degree relatives of people with no history of TMDs. Several twin
studies have also reported that TMDs appear to have limited heritabil-
ity, although these studies have generally been small and underpowered
(Visscher and Lobbezoo, 2015). A more recent and larger twin study sug-
gested that 27 percent of the variance in TMD pain can be attributed to
genetic factors (Plesh et al., 2012). Genetic contributions to TMDs have
also been explored in candidate gene association studies, which have found
evidence that serotonergic and catacholaminergic genes are associated with
TMDs (Diatchenko et al., 2013; Visscher and Lobbezoo, 2015). More
recently, genome-wide association studies have identified novel genetic
pathways that may be related to TMDs, including the sarcoglycan alpha
gene (Sanders et al., 2017) and the muscle RAS oncogene homolog (MRAS)
gene (Smith et al., 2019). Notably, several of these studies have reported
that associations of some genetic factors with TMDs vary based on other
risk factors, such as sex and psychological factors (Belfer et al., 2013; Slade
et al., 2015; Meloto et al., 2016; Sanders et al., 2017; Smith et al., 2019).
One study illustrated the potential for the existence of a gene—environment
interaction that influences TMD risk (Slade et al., 2008). In this prospec-
tive cohort study of 186 females, individuals with a genetic variant associ-
ated with pain responsiveness had a significantly greater risk of developing
TMD if they had reported a history of orthodontic treatment compared to
subjects who did not (Slade et al., 2008).

TMDs in Females

TMDs are significantly more common in females than in males, with
population-based studies indicating that females are at approximately twice
the risk of experiencing a TMD as males (LeResche, 1997; Bueno et al.,
2018). The OPPERA study observed a slightly but non-significant increased
incidence of first-onset TMDs in females, while female sex was strongly
associated with chronic TMDs, suggesting that females have an increased
risk of TMD persistence (Slade et al., 2013a,b, 2016). Indeed, in OPPERA’s
nested case—control study, 54 percent of females transitioned from first
onset to persistent TMDs, as compared with 41 percent of males (Slade et
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al., 2016). This is consistent with prior findings that among patients with
acute TMDs, women were more likely than men to progress to chronic
TMDs (Garofalo et al., 1998), and that this sex differential may increase as
chronicity persists. This increased risk of TMDs among females is observed
primarily during the reproductive years (LeResche, 1997; LeResche et al.,
2005; Slade et al., 2011; Song et al., 2018b). Age has also been shown to
be a factor in the incidence of TMDs, with peak prevalence occurring in
women in the 35-44 age group (Slade et al., 2011) and decreasing beyond
reproductive age (Plesh et al., 2011a). The OPPERA study reported that
TMD incidence increased with age across the age range from 18 to 44 years
(Slade et al., 2013a,b), but age-related incidence information beyond 44
years of age was not available.

Women exposed to emotional, physical, or sexual abuse may also be
at an increased risk for TMDs. In one study of 40 women of ages 16 to
45 years with an idiopathic TMD, the women were more likely to report
emotional abuse, exposure to insults, and being diminished or humiliated
in front of other people than women without a TMD (Grossi et al., 2018).

TMDs in Different Races and Ethnicities

The association of race/ethnicity with TMDs is currently not well
understood. Janal and colleagues (2008) reported that myofascial TMDs
were more common among black women and Hispanic women than
among white women. In a study of 4- to 6-year-olds, TMD symptoms
were found to be more common among African American children than
among Caucasian children (Widmalm et al., 1995). In contrast, Plesh
and colleagues (2002) found a lower prevalence of TMDs among African
Americans than among Caucasians after controlling for socioeconomic
status. As yet another contrast, in the OPPERA study non-white racial/
ethnic groups had significantly lower odds of chronic TMDs than whites,
while African Americans showed an increased incidence of first-onset
TMDs compared with whites (Slade et al., 2011, 2013a,b). This paradox
is explained by lower risk of symptom persistence in African Americans,
as OPPERA data showed that after onset, TMDs persisted in 61 percent
of whites versus 35 percent of African Americans (Slade et al., 2016). The
association between race/ethnicity and TMDs likely involves the contribu-
tion of other underlying factors, such as socioeconomic status (Poleshuck
and Green, 2008). Recent findings demonstrate that lower socioeconomic
status (i.e., education and wealth) is associated with a higher prevalence
and severity of general chronic pain (Grol-Prokopczyk, 2017), and racial/
ethnic differences in pain were not significant after controlling for these
socioeconomic influences. Specific to TMDs, the OPPERA study found
that low satisfaction with material standards conferred an increased risk
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TABLE 3-3 Potential Predictors of Future TMD Onset Identified in the
OPPERA Study

Clinical and Health Variables Psychological Variables Pain Sensitivity Variables

e Nonspecific orofacial e Somatic symptoms e Cranial pressure pain
symptoms e DPerceived stress thresholds

e History of jaw injury * Anxiety e Mechanical

e Oral parafunctions e Posttraumatic stress aftersensations

e Sleep disturbance disorder symptoms e Heat pain ratings

e Comorbid health conditions

e Cigarette smoking

SOURCES: Fillingim et al., 2013; Greenspan et al., 2013; Ohrbach et al., 2013; Sanders et
al., 2013b.

for onset of a painful TMD but was not associated with a chronic painful
TMD (Slade et al., 2013a,b).

The OPPERA study identified numerous premorbid predictors of future
TMD onset, including clinical, psychological, and pain sensitivity measures,
and the strongest predictors from each domain are listed in Table 3-3
(Fillingim et al., 2013; Greenspan et al., 2013; Ohrbach et al., 2013;
Sanders et al., 2013b).

Data Collection Challenges and Opportunities: Studies on Risk Factors

In addition to the risk factors for TMD onset, several factors appear to
increase the risk of the transition from acute to chronic TMD pain, includ-
ing female sex, acute pain severity and related disability, and depressive
and somatic symptoms (Garofalo et al., 1998). However, there is limited
information regarding risk factors for the persistence of TMD symptoms,
and virtually no data addressing protective factors. Chapter 4 contains
additional information regarding the need for genetic and mechanistic
studies of TMDs.

Conclusion 3-4: Risk factors for persistent temporomandibular
disorders (TMDs) and the protective factors that prevent an indi-
vidual from tranmsitioning to painful, chronic TMDs are poorly
understood and need to be a priority for clinical epidemiological
research on TMDs.

CONCLUSIONS AND RESEARCH PRIORITIES

Throughout the report, the substantive burdens to individuals with
a TMD and their families are documented, and actions are proposed to
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BOX 3-3
Public Health Research Priorities

To improve knowledge of the public health burden of temporomandibular dis-
orders (TMDs) in order to improve care, the following areas should be considered
priorities for future research:

Studies on the directionality of the relationship between TMDs and

comorbidities.

Studies, including longitudinal studies, in diverse populations to better

understand

o the risk and natural history of specific types of TMDs;

o risk factors and comorbidities of TMDs;

o the severity and chronicity of TMDs;

o the impact of TMDs, the treatment of TMDs, and the trajectories of
these disorders on health, function, economic productivity, and quality
of life; and

o the life course of TMDs and what is perhaps idiosyncratic to the indi-
vidual rather than to the condition.

Develop and use common data standards and definitions that enable the

tracking of TMD prevalence and treatment in the full range of vulnerable

populations. Common data standards and definitions could also be applied
to electronic health records, population-level surveys, and relevant clinical
research.

Resolve differences in medical and dental coding to facilitate interprofessional

and multidisciplinary TMD research.

Assess the current costs of TMD care disparities, including costs that result

from health care use, lost work or educational opportunities, and the use

of disability and other benefits.

improve the treatment and management of TMDs. This chapter highlights
the significant health, quality-of-life, and cost burdens that TMDs place
on society. The committee’s recommendations on the actions needed to
strengthen population-based data on TMDs are provided in Chapter 8.
The research priorities highlighted in Box 3-3 supplement and expand on
those recommendations.

Conclusion 3-1: The prevalence of temporomandibular disorder
(TMD) symptoms varies widely across studies depending on the
assessment used and the population studied. Based on one analy-
sis of 2017-2018 data, an estimated 4.8 percent of U.S. adults
(an estimated 11.2 to 12.4 million U.S. adults) had pain in the
region of the temporomandibular joint that could be related to
TMDs. Based on this information, it is likely that TMDs are the
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most prevalent type of chronic orofacial pain and TMDs may be
comparable in prevalence to other chronic pain conditions such as
fibromyalgia, chronic low back pain, and migraine disease.

Conclusion 3-2: Nationally representative longitudinal studies of
the incidence, prevalence, and disease course of temporomandibular
disorders (TMDs) using the Diagnostic Criteria for Temporo-
mandibular Disorders would advance understanding of TMD etiol-
0gy, risk, and prognosis and support the ability to develop clinical
practice guidelines and treatment pathways.

Conclusion 3-3: Even with a fragmented understanding of temporo-
mandibular disorders (TMDs) according to traditional public
health measures (e.g., prevalence, incidence), it is clear that TMDs
have a large public health impact and a significant bealth, social,
financial, and emotional burden on many individuals and families.

Conclusion 3-4: Risk factors for persistent temporomandibular dis-
orders (TMDs) and the protective factors that prevent an individual
from transitioning to painful, chronic TMDs are poorly understood
and need to be a priority for clinical epidemiological research on
TMDs.
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What I want to see going forward is research on just what temporo-
mandibular disorders are—research that validates the safety and effec-
tiveness of every treatment for TMDs. I want research on every aspect of a
TM]J device and related patient care. 1 want better practices and protocols
for all stages of TM] surgical procedures and a formal collaboration with
the musculoskeletal branches in medicine. There is no reason we should
not have the research on the TM joint that exists on every other joint in
the body.

—Lutricia M.

Despite investment in research directly and indirectly related to
temporomandibular disorders (TMDs)—most significantly in the field of
orofacial pain—researchers have yet to unravel the etiologies and patho-
physiologies of TMDs or to translate, in a meaningful way, research find-
ings into improved clinical care practices. Over the past decade the body
of research on TMDs centered on the biological mechanisms underlying
the development and persistence of orofacial pain and on the structure and
function of the joint and its tissues, while more recent research has begun
to examine the molecular genetics, biomarkers, and biopsychosocial risk
factors of TMDs and common comorbidities. Broadly, the research founda-
tion relating to TMDs, as has been the case with other complex, stigmatized
conditions, has suffered from the siloing of disciplines and from a lack of
clear direction—thus stunting the potential clinical impact of the research.
In the case of TMDs, these difficulties have been heightened by a significant
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dental-medical divide that affects both research and clinical care. Funda-
mentally, the development of safe and effective treatments and therapies for
TMDs necessitates the existence of a robust research base spanning multiple
disciplines—a foundation that is currently lacking in many areas.

This chapter provides the reader with an overview of recent basic sci-
ence research related to the pathophysiologies of TMDs and orofacial pain,
with a primary focus on the state of the evidence as it relates to the devel-
opment and growth of temporomandibular joint (TM]) tissues in health
and disease and the mechanisms underpinning pain and tissue dysfunction.
This chapter is not intended to be an exhaustive systematic review of all
of the scientific evidence available on TMDs or a clinical review; rather,
the chapter highlights significant research gaps identified by the committee
that need to be addressed to develop a robust evidence base for TMDs.
Following an overview of the state of the science and a discussion of over-
arching research gaps and priorities—primarily focused on the scarcity of
multidisciplinary research efforts dedicated to understanding TMDs from
the cellular to the societal level—the chapter explores the organizational,
financial, and cultural changes within the TMD research enterprise that
will be necessary for the development of a research enterprise that priori-
tizes the needs of the patient. The chapter will conclude by exploring how
a patient-centered research framework could be structured to address the
short- and long-term research priorities identified throughout this report.
Additional evidence and research priorities related to TMD epidemiology,
clinical care, and education and training will be covered in greater detail in
their respective chapters.

RECENT BIOMECHANICAL AND BIOENGINEERING
RESEARCH ON THE TM]

As detailed in Chapter 2 and Appendix D, the TM], or jaw joint, has a
unique morphology and function. This complex joint is composed of bone
and muscle juxtaposed to cartilaginous tissues that allow for translational
and rotational movements of the mandible. The major components of the
TM]J include the mandibular condyle, glenoid fossa of the temporal bone,
articular disc, synovial fluid encapsulated by the fibrous joint capsule,
adjacent ligaments, and retrodiscal tissue (see Figure D-1 in Appendix
D). TM]J movement is maintained by the synchronous coordination of a
group of bilateral muscles, and TM] movement is limited by TM]J ligament
range. Sensory innervation of the joint is derived from the mandibular
branch of the trigeminal nerve, which also provides innervation to the
face and mouth (Sessle, 2011). The surrounding tissues are innervated by
proprioceptive and mechanosensitive nerve endings, which are important
in initiating movement and controlling the mechanics of the joint, as well
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as by nociceptive afferents, which are important for transmitting noxious
stimuli to the central nervous system (CNS) (Sessle, 2011).

The articular disc within the joint is composed of fibrocartilage—type
I and type II collagens—which provides both strength and flexibility. These
tissues have only limited regenerative capacity (Roberts and Stocum, 2018);
therefore, to support the high cell density in the disc and metabolically
demanding joint function, the synovial fluid within the joint provides es-
sential nutrients and lubrication. Without this the increased friction and
shear stress would lead to disc degeneration (Wang et al., 2015; Wu et al.,
2019). The TM]J is subjected to mechanical loading from use of the jaw,
which is critical for cartilage and bone maintenance and ongoing tissue
remodeling during growth and repair. However, when the mechanical loads
on the TM]J are too large or too frequent, both cartilage and bone tissues
may be compromised, and irreversible damage may ensue (Iwasaki et al.,
2017; Nickel et al., 2018).

Neuromuscular and musculoskeletal disorders that affect TM]J and jaw
function are common conditions (see Chapter 3). Despite this, the TM]
has not been well studied compared to other synovial joint systems, such
as the knee, shoulder, and hip joints (Hinton, 2014). The study of the joint
is complicated by its complex anatomy, which has a unique fibrocartilage
structure and dense neurovascular system (blood vessels and nerves). To-
gether, these complexities impede in vivo experimental measurements of
the TMJ components’ articular space, contact forces, stress distribution,
and nutrient supply (Nickel et al., 2018). These measurement properties,
however, are a key to defining TMJ physiology and pathophysiology, such
as wear, fatigue, and degeneration mechanisms.

Developmental Biology and Physiology of the TMJ in Health and Disease

The developmental biology and physiology of the TM]J are differ-
ent in many ways from those of the limb joints (e.g., knee, shoulder, and
hip). Understanding the unique aspects of the joint’s development, post-
natal growth, and function are foundational to gaining a comprehensive
clinical understanding of the joint and its pathologies. There are several
major differences between the TM]J and the other synovial joints. First,
the fibrocartilage of the TM]J develops from the neural crest, whereas the
hyaline cartilage of the limb joints develops from mesoderm (Somoza et
al., 2014). Second, the bony aspects of the TMJ—mandibular condyles
and temporal eminences—are formed from secondary cartilage, whereas
the limb joints and long bones are formed from primary cartilage (Hinton,
2014). Third, the fibrocartilage of the mandibular condylar and temporal
eminence provides the unique and important hybrid physiological func-
tions of both articulation and growth, whereas in the limbs, these two
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functions are provided separately—by articular hyaline cartilage on joint
surfaces and by the hyaline cartilage of the growth plate in long bones,
respectively (Stocum and Roberts, 2018). Fourth, while the mandibular
condyle and both sides of limb joints can form de novo, the temporal emi-
nence of the TM]J does not appear de novo (Stocum and Roberts, 2018).
Instead, both the mandibular condyle and the temporal eminence require
mechanical loading to persist. Fifth, unlike the articular surfaces of limb
joints, which are lined by hyaline cartilage, the articular surface of the TM]
consists of fibrocartilage and is unique in that it contains both types I and
IT collagen. Articular hyaline cartilage does not typically contain type I
collagen (Wadhwa and Kapila, 2008). This organization of collagen fiber
alignment and type, which provides the TM]J with the functional capacity
to withstand tensile loading better than hyaline cartilage, highlights a key
distinction in the demands on TM]J function versus that of other joints.
Finally, while the TMJ development and growth are regulated by some of
the same genes as those in limb joints, other genes have been identified as
unique to TMJ development or have different actions (Hinton et al., 2015).

Genetic Influences on TM] Development, Growth, and Degeneration

The unique origin of the TM]’s skeletal and connective tissues from
neural crest cells rather than from the mesoderm indicates the involvement
of different genetic drivers and pathways for the joint’s development and
growth (Hinton, 2014). Understanding the role and interactions of these
factors in driving morphological variations of the TMJ provides insight
into the potential etiologies of certain TMDs and identifies potential future
targets for regenerative medicine. The roles of specific genes in driving the
growth of mandibular condylar cartilage, the mandibular fossa, and the
articular disc and joint cavitation have been studied to varying degrees
using animal models, with two comprehensive reviews recently completed
by Hinton (2014) and Scariot and collegues (2018). This body of research
has identified various genes, such as Runx2, Sox9, BMPrla, and members
of the TGF-B/BMP family, as individual drivers of chondrogenesis (Hinton,
2014). Beyond these potential drivers of chondrogenesis, it is thought that
other genes may act as mediators within the morphogenic pathway, such as
Indian hedgehog (Ihh), which plays a role in the formation of the articular
disc and cavitation (Gu et al., 2014; Hinton, 2014; Hinton et al., 2015),
and Osterix (Osx), which may play a part in the regulation of bone forma-
tion during postnatal TM]J growth (Jing et al., 2014).

The morphogenesis of the secondary cartilage found in the TM] has
also been a major focus of research in TM]J developmental biology, as it is
the most important component of the development hierarchy of the joint
tissues (Hinton, 2014). Hinton and colleagues (2015) write, “Recent studies
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of the genetic regulation of the TMJ morphogenesis and growth (and lately
of its degradation) have identified a patchwork of interacting and hierarchi-
cal players that usually but not always resemble those that we know from
limb cartilages.” However, the innovation of bioengineering techniques to
repair or replace damaged tissues will require additional systematic review
of these and additional genes to truly understand the genetic regulation of
TM] development and its role in the health and diseases of the joint (Hinton
et al., 2015). Studies using mouse models have indicated that the forma-
tion of the fibrocartilage of the mandibular condyle is regulated by Runx2
and Sox9 (Shibata et al., 2004; Oka et al., 2008; Hinton, 2014), with their
inactivation resulting in agenesis of condylar cartilage (Mori-Akiyama et
al., 2003; Shibata et al., 2004; Wang et al., 2011). Certain members of the
TGF-pB family are also thought to play a role in the formation of condylar
cartilage by interfering with the regulation of Runx2 and Sox9 (Oka et al.,
2008). Other significant findings include the potential role of genes like Ihb,
Shox2, and Trps in secondary cartilage formation, with studies showing
that mice that lack these genes present with delayed or impaired condylar
cartilage and disruption in the formation of the articular disc and cavitation
(Wang et al., 2011; Gu et al., 2014; Hinton, 2014; Ishizuka et al., 2014).
Other genes that have been studied that are involved in the formation of
secondary cartilage, mandibular fossa, and the articular disc in the TM]
are listed in Table 4-1.

In the case of TMDs, which tend to appear later in life rather than to
present congenitally, a deep understanding of the postnatal roles of genes
in TM] tissue development and the role of genes in regulating degenera-
tive changes will be critical to achieving future clinical applications. Cer-
tain genes, such as Ihh, may also play a significant role in postnatal TM]J
growth. In a study by Ochiai and colleagues (2010), Ihh knockout mice
showed disrupted mandibular condylar architecture and reduced Sox9 and
Col2 expression. Additionally, the postnatal interruption of BMPrla has
been shown in mouse models to negatively affect the length of the man-
dible and the presence of condylar cartilage (Jing et al., 2014). As for the
degradation of the articular disc, genes Fgfr3 and Prg4 may play a regula-
tory role (Yasuda et al., 2012; Koyama et al., 2014; Komori, 2020). Other
potentially significant genes and pathways of recent study include fibroblast
growth factors, Sprouty genes (Purcell et al., 2012), parathyroid hormone—
related protein feedback loops, and BMPr1a, among others (see Table 4-1).

The etiology of TM]J degeneration is complex and involves alterations
in the functional environment of the joint (such as changes to mechanical
loading or trauma) and in biological mechanisms that trigger responses.
The drivers and pathways of TM] tissue degeneration have been a focus
of recent studies using animal models. In one study using osteoarthritic-
prone SAMPS8 mice, Ihh expression was significantly reduced, as was
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TABLE 4-1 Recent Studies Related to Potential Drivers and Pathways of
TM] Tissue Formation

Driver or Pathway of Study Author and Year
Wnt and Nf-xB pathways de Sousa et al., 2019
Ihh pathway, MMP-13, caspase-3 Long et al., 2019
Runx2 Liao et al., 2019
TNEF-B Yerliyurt et al., 2019
Axin1, Wnt and FGF pathway Zhou et al., 2019
TGF-B pathway, Col X, Osterix Zheng et al., 2018
FAM20B Liu et al., 2018

Ihh pathway/BMP2, TN-C Stocum and Roberts, 2018
ADAMTSS Rogers et al., 2018
Notch signaling Luo et al., 2018

Ihh pathway Kurio et al., 2018
HIF-10o. and VEGF Yu et al., 2018
DDR2 Ge et al., 2018
SMAD signaling Xiao et al., 2017
VEGE, p-ERK1/2 Dong et al., 2017

lubricin, suggesting that the disruption of certain genes may trigger degen-
erative outcomes in TM] tissues (Ishizuka et al., 2014). In mouse models,
diminished lubricin production has also been associated with the presence
of proteoglycan deficiencies and “significant alterations in all components
of the TMJ” (Koyama et al., 2014). Similarly, considerable TM] tissue
degeneration has been seen in models using mice that over-express beta-
catenin (Wang et al., 2014). Rodent models have shown that the degen-
eration of the intra-articular cartilage, which is associated with sustained
overloading of the TM], results in an increased expression of vascular
endothelial growth factor (VEGF), hypoxia-inducible factor 1o (HIF-1at),
and tumor necrosis factor (TNF) (Tanaka et al., 2005; Kartha et al., 2016)
as well as an increased expression of matrix metalloproteinase 3 (Kartha
et al., 2016) and damage to the proteins of the extracellular matrix (such
as proteoglycans and collagens) (Wang et al., 2015). Sustained expression
of these biochemicals and ongoing joint loading and inflammation lead to
further degradation of the cartilage and bone, with impacts on the bio-
mechanical function of the joint and enhanced susceptibility to additional
injury (Sperry et al., 2017).
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Sex Differences of TM] Formation, Growth, and Function

Significant sex-specific differences exist in TM] morphology (Iwasaki
et al., 2017; Coogan et al., 2018; Coombs et al., 2019). Male condyles are
on average larger than female condyles, with complex differences in the
microstructural traits. Such sex differences in TM] morphology, including
in the condyle, disc, and fossa, have a direct impact on TM] biomechanics
and, by extension, on the health of these tissues. The available evidence
suggests that the initiation of TM] cartilage degeneration may be associ-
ated with repeated mechanical overloading of the TM] at loads higher than
normal physiological conditions (Sperry et al., 2017; Nickel et al., 2018).
Such overloading of the TMJ has been associated with oxidative stress and
inflammation, which could in turn lead to damage to tissues. In a study by
Iwasaki and colleagues (2017), mechanical energy densities imposed on the
disc in healthy TMJs were significantly larger in women than in men, which
could predispose women to a higher rate of mechanical fatigue of the TM]J
disc. Early mechanical fatigue of the disc tissues has been associated with
degenerative joint disease of the TM] (Iwasaki et al., 2017). Similarly, a
2018 study found that, during asymmetrical jaw closing, energy densities
were significantly larger in female participants than in male participants,
and the authors suggested that this presents a higher risk of mechanical
fatigue (Gallo et al., 2018). These findings have led to the implication of
sex hormones in playing a role in TM] remodeling and tissue degeneration;
however, this work remains inconclusive and requires additional research.
TM]J morphological and biomechanical differences between the sexes need
to be identified and explored to develop an understanding of how they
may contribute to a female predisposition to tissue dysfunction or chronic
orofacial pain.

Biomechanical Function, Joint Tissue Degeneration,
and Orofacial Pain Processing

The relationship between biomechanical function, joint tissue degenera-
tion or injury, and pain processing is an expanding field of research that
seeks to unravel the complex interactions between the tissues of synovial
joints and the nervous system in order to understand their impact on joint
function and on the initiation, maintenance, and suppression of pain. From
another direction, increasing evidence suggests that regular physical activity
and exercise can reduce pain, and treatments are often aimed at improving
biomechanical function in this population. However, very few studies have
explored the interface among pain, biomechanics, and TM]J function in
humans, and little is known about whether the addition or removal of pain
results in predictable or sustained changes in joint function or vice versa.
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The loss of the integrity of the articulating surfaces of synovial joints
is consistent with the classical model of mechanical fatigue (Vazquez et
al., 2019). There are analogies that can be made between the mechanical
fatigue model of materials and the biopsychosocial model of chronic pain.
The fatigue of materials depends on the magnitude and frequency of the
mechanical load, with the material properties known as “stress raisers” act-
ing as covariates (Beatty et al., 2008). From a mechanical perspective, stress
raisers are entities, such as physical defects, produced during the manufac-
turing or development of the material or caused by traumatic loads that lead
to an increased susceptibility of the material to damage and fatigue failure
through normal function (Beatty et al., 2008). Similarly, the biopsychosocial
model of pain depends on the magnitude and frequency of the primary
neuron afferent barrage to peripheral ganglia and dorsal horn/trigeminal
secondary interneurons (Staud, 2011b). From a chronic pain perspective,
stress raisers are entities that contribute to neuroinflammation, such as in-
creased sympathetic nervous system input to glial cells (Russo et al., 2018).
To date, few studies on the development of chronic pain have quantified
the magnitude and frequency of primary afferent input while controlling
for co-variable stress raisers. Little is known about whether the removal of
the afferent barrage, while controlling co-variable stress raisers, results in
predictable or sustained changes in chronic pain and tissue function (Russo
et al., 2018). Thus, there is a need to move beyond the separate examina-
tion of joint tissue failure and pain by using a biomechano-allostatic model,
which combines the important variables in the development of degenerative
joint disease with and without chronic pain.

The connection between biomechanical function of the TMJ and oro-
facial pain has been established in certain animal models (Sperry et al.,
2017). TMD models using repeated mouth opening to defined loads in
rodents result in hyperalgesia and osteoarthritis-like degeneration of the
joint. Rats that experienced higher magnitudes of TM] loading experi-
enced longer periods of sustained pain (14+ days versus 7 days) than rats
with lower levels of loading (Kartha et al., 2016). However, what is less
understood is whether the interface of biomechanics and neurobiology,
at a mechanistic level, can be manipulated to reduce afferent input and
neuroinflammation in ways that attenuate pain signaling and improve tissue
integrity. Rodent models have demonstrated that abnormal loading of the
TM] results in inflammatory changes to the cartilage and the upregulation
of certain drivers such as VEGF and HIF-1a as well as the upregulation of
matrix metalloproteinases, which are associated with degradation found in
osteoarthritis of the TMJ (Kartha et al., 2016) and other conditions (Shen
et al., 2015; Bechtold et al., 2016). The upregulation of these biochemicals
may also mediate the response of nociceptors located in the TM] tissues
(Sperry et al., 2017).
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The interface of biomechanical function and pain has been studied in
other synovial joints (i.e., the knee and the facet joints of the spine), and
it may be possible that the methods and tools used in these studies could
be applied similarly to study the TM]. In some cases, there is a correla-
tion between the biomechanical and functional changes of the joint and
pain, yet in many cases, particularly when pain becomes chronic, these
relationships may not hold. It is also clear that there are multiple ways to
interpret biomechanical function, including strength and endurance testing
of muscle. More research is needed to understand how the biomechanical
environment of the TM]J relates to joint function and its susceptibility to
damage or injury and its relationship to pain signaling. Additionally, there
is value in exploring individual-level differences in the biomechanical func-
tion of the TMJ and how these differences may affect peripheral and central
pain signal processing in light of individual differences in allostasis, the
processes by which the body copes with stressors in its efforts to maintain
homeostasis.

Animal Models for TM] Tissue Engineering
and Regenerative Medicine Research

Those in the TM] biomechanics and tissue engineering fields have
studied a variety of animal models, including mice, rabbits, dogs, goats,
pigs, minipigs, and sheep. Important factors when assessing animal models
include anatomy/physiology, mechanical properties, chewing patterns,
dietary composition, cost, and ease of surgical access (Donahue et al.,
2019). A recent systematic review that examined preclinical TM] tissue
engineering studies noted a lack of standardization regarding animal models
(Helgeland et al., 2018), an issue that may be impeding the translation of
TM] bioengineering approaches.

Several studies have examined similarities and differences in temporo-
mandibular and craniofacial anatomy across species including rabbits, pigs,
cows, goats, dogs, minipigs, and humans (Herring et al., 2002; Kalpakci
et al., 2011; Vapniarsky et al., 2017). The pig is considered to be the gold
standard of a non-primate, large-animal TM] model due to its similarities
to human anatomy, function, and tissue material properties (Almarza et
al., 2018). Pigs are omnivores, which is one reason their TM] disc and
condyle are similar in structure to those of humans (Bermejo et al., 1993).
Recently, the TM] anatomy, histology, and biomechanics of black Merino
sheep have been shown to also be similar to humans, although their diets
differ from humans (Angelo et al., 2016). Further comparative studies of
TM] structures in black Merino sheep and pigs will be useful and may help
the field reach consensus on the best model system for preclinical studies of
TM] tissue engineering approaches.
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A noted challenge in the use of animal models is the difficulty in repre-
senting the pathology of the disease in the animal model. However, recent
research suggests that some animals, such as dogs, cats, and horses, can
develop certain TM] pathologies such as osteoarthritis, ankylosis, luxation,
fracture, and neoplasm (Almarza et al., 2018). Although the anatomic and
physiological features of the TM] may differ between humans and animals,
these pathologies may have pathogeneses that are similar to those of TMDs
in humans. Specifically, studying TM] pathologies naturally occurring in
animals may explain not only the pathogenesis of TMDs in humans but
also the response to treatment.

Additionally, researchers have noted the challenges associated with
the lack of established and relevant preclinical animal models for assessing
novel approaches for TM]J tissue regeneration, which require larger animal
models than those models employed for the study of joint disease (Almarza
et al., 2018).

Overview of TM]J Tissue Engineering and
Regenerative Medicine Research

In the future, the ability to engineer and regenerate temporomandibular
tissues could provide an alternative treatment strategy to address certain
TMDs and patients. Disc engineering and regeneration has been a major
focus of recent TM]J tissue engineering research (Hunziker et al., 2015;
Donahue et al., 2019; Melville et al., 2019). Despite promising results,
the ability to develop these engineered constructs for clinical use has been
limited by an incomplete understanding of the developmental biology of the
TM] tissues—a limitation that is further compounded by a lack of clinically
relevant animal models and challenges with measuring function and forces
within the joint space.

It is thought that disc dysfunction can be an early event that may lead
to degenerative changes to the TM]J, implying that regeneration of disc tis-
sues would be a valuable target for research. However, a major challenge
with developing bioengineered TMJ discs is that they not only need to have
similar morphological and histological characteristics to the native disc, but
also must achieve the same mechanical function. Developing engineered
TM]J disc constructs requires the selection of appropriate cell type or types,
a biocompatible scaffold or scaffold-free support structure, and the proper
biochemical or mechanical stimuli (Hunziker et al., 2015; Donahue et al.,
2019; Melville et al., 2019). In addition, there remain concerns with the
attachment of these engineered tissues and their capacity for tolerating early
shear and torque that can occur during functional loading of the mandible
(Vapniarsky et al., 2018; Almarza et al., 2019). More importantly, patients
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will need to be selected carefully, as comorbid conditions could play a sig-
nificant role in the success of healing.

Selection of Cells

In TM]J bioengineering, the selection of cell source remains a critical
challenge. Compared to native tissues, bioengineered or regenerated TM]J
components not only should have similar morphological and histological
characteristics, but must also achieve the same mechanical function. Several
cell types have been tested, including native TM]J disc cells (Ronald and
Mills, 2016), TM] fibrocartilage stem cells (Embree et al., 2016), costal
chondrocytes (Vapniarsky et al., 2018), co-cultured articular chondrocytes
and knee meniscus cells (MacBarb et al., 2013), and mesenchymal stem cells
(MSCs) from either autologous or allogeneic sources. Cells obtained from
MSC-based approaches have demonstrated similarities to native tissues
in terms of morphological and biochemical characteristics, but further re-
search is needed to determine if these MSC-based constructs can withstand
the early shear and torque experienced during mandibular functional load-
ing. Further work on progenitor cell populations and their differentiation
into TMJ-like cells will be important to move this area of research forward.

Scaffolds and Scaffold-Free Approaches

Scaffolds serve as a surface on which cells can form new tissues and
which can carry bioactive molecules that help to influence cell behavior
(e.g., migration, stem cell differentiation). Additional research is needed to
further refine scaffold fabrication methods such as nanoassembly, a process
that builds scaffolds layer by layer, and three-dimensional (3D) printing
(Donahue et al., 2019). Scaffold-free approaches are also being developed
as a way to reduce complications with scaffold degradation and fabrication
byproducts (Donahue et al., 2019).

Biochemical and Mechanical Stimuli

Stimulating bioengineered TM] discs with growth factors, such as
insulin-like growth factor I and TGF-J, has been shown to result in greater
levels of collagen synthesis and improved mechanical properties (Detamore
and Athanasiou, 2005). In addition to such biochemical stimuli, mechanical
stimuli (e.g., hydrostatic pressure) have also been applied, typically to help
recapitulate native tissue structure—function relationships in bioengineered
TM] discs (Gunja et al., 2009). Further exploratory research aimed at
determining the appropriate combination of biochemical and mechanical
stimuli is needed.
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Other Tissues: Mandibular Condyle and Condylar Cartilage

Research on regenerative approaches for TM]J tissues beyond the disc is
limited. Two areas of focus that have received less attention than disc
regeneration include tissue engineering for the mandibular condyle and
condylar cartilage. As with TM]J disc engineering, selecting the appropri-
ate cell source has been challenging (Willard et al., 2011). In the case of
condylar cartilage, a recent study showed tissue growth and regeneration
in goat condylar cartilage using synthetic and natural scaffolds (Chin et al.,
2018). Early studies such as these are promising, but further attention to
these areas is needed to move the field forward.

Moving Toward Translation

Past and future research breakthroughs in TM] bioengineering must
be examined using orthotropic animal models, and once safety and effec-
tiveness has been established, these approaches can be tested in humans.
The location of the TM]J and its proximity to the brain may require more
stringent safety requirements for bioengineered products (Donahue et al.,
2019). Careful patient selection will be necessary in clinical studies, as it
is unknown whether the presence of commonly comorbid conditions such
as fibromyalgia could play a significant role in the successful regeneration
of damaged tissues. Furthermore, metaplasia (the conversion of one cell
type to another type), ossification (bone remodeling), and angiogenesis
(development of new blood vessels) may be concerns for specific patients
(Detamore et al., 2007).

Regenerative Capacity of Endogenous Cells

Recent work showed that endogenous fibrocartilage stem cells may be
useful for regenerating and repairing cartilage in the TMJ condyle (Embree
et al., 2016). Terminal differentiation of chondrocytes is thought to drive
aspects of osteoarthritis in the TM]J, and another recent study demonstrated
that inhibiting Ibh signaling protected chondrocytes (Yang et al., 2019).
Additional research is needed on how endogenous cells and the native TM]J
microenvironment can be therapeutically exploited to repair or regenerate
damaged tissue.

Looking Forward: Research Priorities for Biomechanics
and Regenerative Medicine Research on TMDs

More research is needed to better define the unique mechanics of joint
and tissue interfaces within the TMJ and the function of the joint in health
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and in disease. Too little is known about the function of the genes involved
in the development of the TM] and its tissues, specifically about how varia-
tions in TM]J development may predispose the joint to future dysfunction.
Such research could lead to improved regeneration methods for damaged
tissues. Furthermore, only limited research has been conducted to under-
stand neurological control and pain sensitization in the orofacial region.
Of critical importance is the exploration of the relationship between pain
and function, specifically an understanding of innervation and its interac-
tions with the many tissues and vascular structure of the TM]J, which can
inform methods for joint repair and regeneration. While tissue turnover
in and the repair of bone, cartilage, and ligaments of the TM] have been
studied to some extent, a better understanding of these repair processes is
needed. Specifically, a better understanding is required of the integration
of mechanical cues and pathological joint loading on tissue-remodeling
processes. Additionally, there has not been enough research performed
on mechanotransduction to allow an understanding of the relationship
between joint motion, forces, and the physical properties of tissues and the
relation of these to cellular mechanotransduction.

The development of new therapies to repair and prevent joint dys-
function and to regenerate new and functional tissues safely will require a
strong foundation of basic and clinical research on the biology of the TM]
in health and in disease. Addressing existing research gaps will demand new
approaches and instrumentations for in vivo measurement of joint health,
disease, and function. It is clear that there will be value in going beyond
static imaging of the joint to examine the dynamic joint function, in using
3D imaging of joint structure and joint quality, and in leveraging imaging
technologies and datasets from other disciplines (i.e., cohorts with imag-
ing of brains with neurological disease). Moreover, due to the limitation
of direct in vivo measurement, the development of in silico models and
the use of virtual human trials would provide significant opportunities to
understand TMD risk factors and the etiology of TMD development and
progression. Such models might also help explain the increased prevalence
of TMDs among women and other known and unknown disparities and
musculoskeletal and psychosocial factors. Additionally, researchers could
use novel biomedical techniques for modeling the TM]J, such as biocomput-
ing, and molecular imaging for tissues and structures. See Box 4-1 for a list
of research priorities.

NEUROBIOLOGY OF OROFACIAL PAIN AND TMDs

The larger field of pain research has worked to define the mechanisms
of neuropathic and inflammatory pain, and, as with many complex disor-
ders featuring acute and chronic pain, understanding the pathophysiology
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BOX 4-1
Research Priorities for
Developmental Biology and Regenerative Medicine

* Develop novel methods to study muscle behaviors, joint contact forces,
mechanical stress, and nutrient supply within the articular space of the temporo-
mandibular joint (TMJ) to define causes of joint fatigue and degeneration.

* Develop a greater understanding of the unique developmental biology and
function of the TMJ, its tissues, and their interaction in health and in disease to
identify potential biological, structural, and functional risk factors for temporo-
mandibular disorders (TMDs) and targets for treatment.

* Develop new animal models for understanding TMD genetic drivers, pathways,
and their interactions in tissue morphogenesis (such as downstream effectors
of gene signaling); explore the regulatory hierarchy of tissue formation, growth,
and degradation, including transgenic effect studies on loss and gain of func-
tion on TMJ postnatal growth; describe gene expression similarities and dif-
ferences between the TMJ and other synovial joints; and identify overlap in
drivers and pathways with common comorbid conditions.

* Develop additional models for disc degeneration and the degeneration of
other TMJ structures and tissues, and determine whether commonly used
biomechanical models could be applied to the study of mechanisms at the
interface of orofacial pain and joint function.

* Address existing challenges in the use of preclinical animal models to enhance
preclinical utility, including (1) the lack of comparative studies on animal
models, (2) the need for clinically relevant models mimicking various TMDs,
and (3) methods for measuring forces within the intra-articular space.

* Conduct research on immediate improvements in the performance of total joint
replacement therapies to reduce failure and increase safety and function. Ex-
plore how new materials could be integrated into a dysfunctional TMJ to gain
more complete function.

* Explore the role of innervation and its interaction with TMJ tissues in joint
repair and tissue regeneration.

* Expand on articular disc and mandibular condyle bioengineering research to
create safe bioengineered implants; explore novel methods and materials for
creating cell scaffolds; and further study the wear and shear during loading of
mesenchymal stem cell-based constructs.

* Identify stem cells in the TMJ tissues that might be able to be signaled to repair
or regenerate tissue.

* Develop new in vitro and in vivo models to better assess new research
approaches.

* |dentify differences in male versus female anatomy, biomechanics, and biologi-
cal signatures that might contribute to the female predisposition to TMDs.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25652

Temporomandibular Disorders: Priorities for Research and Care

STATE OF THE SCIENCE ON TMDs 137

of TMDs requires an in-depth understanding of the mechanisms of pain
and their role at different levels, from the cellular to an inter-system level.
Despite the significant burden and often life-changing impact of orofacial
pain, relatively little is known about the neurobiology of TM] tissues in
health and in disease. This is, in part, due to the highly complex, multi-
dimensional nature of acute and chronic pain and the numerous biopsycho-
social underpinnings that mediate the experience and perception of pain.
Also, little is known regarding biomechanical dysfunction (see above sec-
tion on tissue engineering) and how this relates to or contributes directly
to orofacial pain. This dearth in knowledge is in part due to the significant
siloing of fields of research, with researchers working on tissue bioengineer-
ing and those working on pain biology needing to find opportunities to col-
laborate on TMD research. The following sections will explore the findings
of recent research on TMDs and orofacial pain, including:

* Animal models for orofacial pain,

* Overviews of peripheral and central mechanisms of acute and
chronic orofacial pain,

* Pain signaling and biomechanics of the TM],

e Trigeminal versus extra-cranial pain signaling systems, and

* Commonalities in neuronal pathways and central sensitization
within TMDs and other chronic pain conditions.

Current Animal Models of Orofacial Pain

Animal models provide critical opportunities for studying the biologi-
cal and cellular mechanisms of pain and help advance the development of
pharmacological treatments. However, the barriers to translation from
studies in experimental animals to clinical drug development are numer-
ous and are a result both of the challenges of using animal models in
general and of more systemic issues related to shortcomings in the research
ecosystem. Compared to pain experienced in other areas of the body,
specific animal models for orofacial pain have been less extensively studied
(Krzyzanowska and Avendafio, 2012). While broader pain research find-
ings and methodologies can be applied to the study of orofacial pain, it is
essential that mechanisms unique to the orofacial area be explored using
anatomically relevant animal models to understand the pathogenesis of
inflammatory and neuropathic orofacial pain common to TMDs and to
identify effective existing or novel treatment modalities.

In order to study the mechanisms of pain associated with TMDs,
commonly used mouse and rat models attempt to mimic inflammatory
orofacial pain through the injection of various chemicals or irritants into
the masseter muscle or the TMJ (Martinez-Garcia et al., 2019). Models

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25652

Temporomandibular Disorders: Priorities for Research and Care

138 TEMPOROMANDIBULAR DISORDERS

for inflammatory pain require an initial tissue injury or irritant injected
directly into the muscle or joint to trigger a selected area or cell type into
activating primary sensory neurons and attract immune response cells that
release substances like cytokines, which can then be studied. The methods
for triggering an inflammatory pain response range from general chemical
irritants (carrageenan and formalin) to agents that directly target specific
sensory neurons (capsaicin and mustard oil) (Krzyzanowska and Avendario,
2012). Alternatively, mechanical trauma such as repeated daily mouth
opening, intraoral appliance placement, disc displacement, or ligation of
the tendon of the masseter muscle have been used to mimic and study TM]J
dysfunction (Guo et al., 2010; Aradjo-Filho et al., 2018).

Other animal models designed to explore the pathophysiology of
neuropathic orofacial pain involve the constriction, transection, or com-
pression of the distal branches of the trigeminal nerve, such as the infra-
orbital, inferior alveolar, mandibular, or mental nerves. Of these animal
models, the chronic constriction injury (CCI) of the infra-orbital nerve is
one of the most commonly used orofacial pain models (Krzyzanowska and
Avendano, 2012; Araujo-Filho et al., 2018; Martinez-Garcia et al., 2019).
These models of partial nerve injury attempt to simulate the neuropathic
symptoms reported by some patients with a TMD.

Depending on the study, a variety of outcome measures have been used
to assess nociceptive responses in awake behaving non-human animals,
including behavioral outcome models. Common behavioral outcome mea-
sures include evoked withdrawal responses to mechanical, cold, or heat
stimuli; non-evoked spontaneous behavior such as face grooming; and other
types of operant behavioral assessments (Neubert et al., 2005; Langford
et al., 2010; Romero-Reyes et al., 2013). In the TM]J arthritis model, for
example, meal pattern analysis (i.e., meal duration, total number of meals,
and total time spent eating) is monitored to assess feeding behavior. Ob-
servations of feeding behaviors do appear to have value as a behavioral
outcome for TMDs. While numerous behavioral outcomes can be used to
assess nociceptive responses, these outcomes are difficult to quantify and
may lack sensitivity (Krzyzanowska and Avendafio, 2012). These behav-
ioral response studies are in contrast to the study of reflex responses to
external stimuli, which do not require the engagement of cerebral processes.
It has been argued that spontaneous pain behaviors and complex operant
behaviors that involve cortical processing and decision making may be
more relevant in providing insights into human orofacial pain conditions.

The pain community has made significant advances in the understand-
ing of pain through the development of diverse animal models used to
examine the environmental and biological processes underlying acute and
chronic pain. The use of inflammatory and neuropathic pain models has re-
vealed a number of potential mechanisms and pathways involved in painful
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TMDs, and it provides useful information for those conditions associated
with inflammation and neuropathic pain. However, TMDs are heteroge-
neous and involve biomechanical and functional alterations, psychosocial
factors, and environmental factors and stressors—some factors of which
may be difficult to capture and measure in preclinical models. Historically,
the field of pain research has focused on factors involved in the transduction
of nociceptive stimuli and the induction of acute pain, but more emphasis is
needed to understand factors that both promote and prevent the transition
from acute to chronic pain and that promote recovery from chronic pain.
Recent animal models of musculoskeletal pain have begun to combine nega-
tive stress, such as sound or fatigue (Chen et al., 2011; Alvarez et al., 2013;
Sluka and Clauw, 2016), with tissue insults, and they show enhanced and
more widespread hyperalgesia; the use of these models in TMD research is
just emerging (Traub et al., 2014) and requires additional focuses. Further-
more, recent studies in animal models of pain unrelated to TMDs have
identified lifestyle factors such as physical activity and biological factors such
as anti-inflammatory mediators (e.g., interleukin-10) that can protect both
animals and humans from the development of chronic pain (Kavelaars et al.,
2011; Leung et al., 2016; Sluka et al., 2018). Unique animal models need
to be developed that take into account the complex nature of TMDs, the
multiple stressors that can initiate the development and persistence of pain,
and the biomechanical and structural findings observed in individuals with
TMDs. Collaborations with researchers using other pain models—Ilike post-
surgical tissue trauma and burns—and those studying TM] bioengineering
and tissue regeneration could provide potentially valuable new models.
Such new models would benefit from the development and use of standard
outcome measures for the assessment of orofacial pain and TM] function.

Overview of Peripheral Mechanisms of Orofacial Pain

As described earlier in the chapter, the orofacial tissues are innervated
by the trigeminal nerve and its nociceptive endings, which terminate in
the orofacial tissues and can be activated by mechanical stimuli or injury,
inflammatory processes, or exposure to an irritant or inhospitable environ-
ment. This system of mechanisms is inherently vulnerable to modulation
because each component of the system interacts within and is influenced
by the complex biochemical environment—endocrine, immune, and other
systems—of the human body (Sessle, 2011).

Over the past several decades, research into the central and peripheral
mechanisms of acute and chronic orofacial pain has identified a network
of chemical mediators, receptors, channels, and interactions that influence
the activation and sensitization of nociceptive pathways (Sessle, 2011). The
involvement of certain inflammatory mediators—such as prostaglandins

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25652

Temporomandibular Disorders: Priorities for Research and Care

140 TEMPOROMANDIBULAR DISORDERS

and bradykinins—in activating nociceptive nerve endings in orofacial tis-
sues has been well established (Sessle, 2011). In addition, other peripheral
mediators released from mast and immune cells and macrophages—such as
5-hydroxytryptamine (5-HT), histamine, TNF-o, and interleukins (ILs)—
act by increasing the excitability of the nociceptive nerve endings at the
injury location. This multi-variable mechanistic process of peripheral sen-
sitization is mediated by interactions with the immune, cardiovascular, and
endocrine systems (Sessle, 2011). The processes by which these numerous
mediators act involve a multitude of receptors and ion channels on the
nociceptive endings; they also act via signaling and second messenger sys-
tems and through the associated intracellular matrix (Sessle, 2011). During
the process of peripheral sensitization, these inflammatory mediators can
increase the excitability of stimulated nociceptive endings in the initial site
and those adjacent through interactions with certain ion channels and sig-
naling systems (Sessle, 2011). Additionally, exposure to certain inflamma-
tory mediators can result in phenotypic changes within nociceptors, which
can fundamentally modify ion channels (e.g., sodium channels) and the ex-
pression of certain receptors. Therefore, there is significant value in under-
standing the role of these mediators and how they act upon the nociceptive
pathway to modulate pain response and induce lasting hypersensitivity,
because many TMDs feature both acute and chronic inflammatory pain as
a primary feature (see Chapter 2).

Overview of Inflammatory Mediators

Certain chemical mediators play a significant role in the activation
or sensitization of nociceptors and, by extension, the inflammatory pain
characteristic of many TMDs. As such, recent research has focused in-
creasingly on understanding the specific role of these individual mediators
and receptor expression on the pathogenesis of orofacial pain. Multiple
chemical mediators have been the focus of investigation. Among those,
gamma amino butyric acid (GABA) receptor subunit alpha (Gabro6) has
been shown to be expressed by the trigeminal neurons, although the role
of this expression on orofacial pain remains unclear. A study in rats by
Puri and colleagues (2012) showed that Gabro6 expression may play a
role in hypersensitivity of the TM] by inhibiting afferents in the trigeminal
pathway and reducing inflammatory orofacial nociception. Additionally, a
2019 study suggests that the activation of inflammasomes—via the secre-
tion of IL-1B and IL-18—could play a significant role in the elicitation of
an inflammatory response across a range of metabolic, cardiovascular, and
neurodegenerative disorders as well as TMDs (Ibi, 2019).

Beyond their role in triggering and maintaining inflammation, the pres-
ence of these mediators in orofacial tissues could be an indication of the
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health of the tissue and act as diagnostic markers or therapeutic targets.
In his 2011 review of central and peripheral mechanisms of orofacial pain,
Sessle noted that mediators such as 5-HT, IL-1B, and prostaglandins are not
present in the TMJ synovial fluid of healthy subjects, but they are detectable
in inflamed TM]J synovial fluid (Sessle, 2011). Sessle also suggested that gluta-
mate levels in the jaw muscles of patients with certain TMDs may indicate the
presence of an inflammatory response (Castrillon et al., 2010; Sessle, 2011).

Receptors and Ion Channels

The role of receptors and ion channels, particularly the function of
sodium ion channels like Na 1.7, has been and remains a significant focus
of orofacial pain research. Recent studies have demonstrated that Na 1.7
signaling plays a significant role in pain processing, with point mutations
resulting in either intractable pain or a complete absence of pain through
the amplification of otherwise weak stimuli (Cummins et al., 2007). That
ion channel may also play a role in visceral pain processing (Hockley et
al., 2017) associated with certain chronic overlapping pain conditions,
such as irritable bowel syndrome (IBS) (Campaniello et al., 2016). As
shown in knockdown and knockout studies in mice, Na 1.7 interferes
with mechanical and thermal inflammatory pain responses (Nassar et al.,
2004). In the trigeminal nerve, chronic inflammation induced by Freund’s
adjuvant injection into the TM] upregulated Na 1.7 mRNA and protein in
neurons innervating the TM]J while blocking the Na 1.7 sodium channel
in the trigeminal ganglion, which significantly reduced pain response in the
joint (Bi et al., 2013). These findings suggest that Na channel subtypes play
a role in the pain response in TMD. Research has also considered the role
of calcium-permeable ion channels expressed by trigeminal ganglia sensory
neurons, such as TRPV4, in pain behavior. A 2013 study in mice by Chen
and colleagues (2013) demonstrated that the expression of TRPV4 is asso-
ciated with nociceptive response after TM] inflammation.

In addition to examining the roles that Na 1.7 and TRPV4 play in pain
perception within the TMJ, additional research has sought to describe how
these channels are regulated and the mechanisms underlying this regula-
tion. As described above, multiple studies have pointed to the regulation of
Na 1.7 by pro-inflammatory mediators such as nerve growth factor (NGF),
TNF-o, 5-HT, prostaglandins, and cytokines (IL-1B) (Tamura et al., 2014;
Isensee et al., 2017) (see section above).

While the etiologies of TMDs remain elusive, the recent explorations
of these mechanisms, receptors, and ion channels indicate potential path-
ways through which chronic inflammation may amplify pain responses. To
illustrate such a pathway, a 2017 study by Kobayashi and colleagues dem-
onstrated that synovial cells in samples of human TM] tissues can release
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inflammatory mediators—bioactive peptides called elastin-derived peptides
(EDPs)—during the degradation of the extracellular matrix. EDPs promote
the upregulation of IL-6 and elastin-degrading matrix metalloproteinase-12
(MMP-12) (Kobayashi et al., 2017). The presence of EDPs was found to
be correlated with both the duration of jaw locking and IL-6 expression.
These findings suggest an environment within TMJ where the activation of
an elastin-binding protein signaling cascade, as a result of harmful mechani-
cal stimuli, triggers a pro-inflammatory cascade and MMP-12 expression,
which may create a positive feedback loop of chronic inflammation within
the joint (Kobayashi et al., 2017).

Overview of Mechanisms of Neuropathic Pain and TMDs

As described earlier, several models of partial injury to branches of the
trigeminal nerve have been used in rodents to study the disabling neuro-
pathic pain observed in a subset of patients with TMDs. The behavioral re-
sponses observed in these models include mechanical hyperalgesia, air puff
allodynia, and paraesthesias/dysaesthesias. Studies suggest that microglial
activation plays an important role in the development and maintenance of
central sensitization, as evidenced by the reversal of mechanical allodynia
through the suppression of microglial activation (Ma et al., 2012). Expres-
sion of phosphorylated extracellular signal-regulated kinase (pERK) in the
dorsal horn and its phosphorylation is implicated in pain since pharmaco-
logical blockade reduces pain behavior in the infraorbital chronic construc-
tion injury (CCI) model. Tto and colleagues (2013) observed an upregulation
of P2X(7)R, membrane-bound TNF-a, and soluble TNF-a in the trigeminal
sensory nuclear complex after a CCI of the infraorbital nerve. Antago-
nists of the P2X(7) receptor and inhibitors of the phosphorylated (p)-p38
mitogen-activated protein kinase (MAPK) inhibited the tactile allodynia in
this model, suggesting that phosphorylation of p38 MAPK via P2X(7)R
may play a critical role in the mechanisms of hypersensitivity. Shibuta and
colleagues (2012) reported the presence of hyperactive microglial cells and
a large number of pERK-immunoreactive (IR) cells in trigeminal spinal sub-
nucleus caudalis and the upper cervical spinal cord (C1) after infra-orbital
CCI. Minocycline significantly reduced the activation of microglial cells and
the number of pERK-IR cells at these sites, suggesting that the activation
of microglial cells in the trigeminal and upper cervical regions is involved
in the increased neuronal excitability associated with the neuropathic pain.

Central Mechanisms of Pain

Beyond the induction of pain in the periphery, peripheral nociceptive
stimuli can also affect CNS neurons (Cairns, 2010) via the trigeminal
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ganglion to the subnucleus caudalis—an important site for the transmis-
sion of information from the periphery to the brain—which contains many
CNS pain receptors. Receptors and ligands that may be involved include
N-methyl-D-aspartate (NMDA), GABA, 5-HT, glutamate, and certain
neuropeptides (Cairns, 2010; Sessle, 2011). Many of the neurons of the
C1 and C2 dorsal horns and the subnucleus caudalis receive direct inputs
from the peripheral afferents in the surface tissues surrounding the TM]J
and play a critical role in the CNS processing of pain in these orofacial tis-
sues (Chichorro et al., 2017). Using injection of glutamate into the TM]J in
animal models demonstrates an expansion of the neuronal receptive field
and sensitivity in regional tissues via the sensitization of subnucleus caudalis
neurons, in addition to the activation of TM] nociceptors. This suggests
the presence of central sensitization (Lam et al., 2009). Neurons of the
subnucleus caudalis and the C1-C2 dorsal horns and caudalis/interpolaris
transition zone also process nociceptive information from deep tissues—
such as facial muscles and the TM]J—which results in complex patterns of
convergence in the processing of superficial and deep tissue afferent inputs.
These patterns require further study, as these may offer further understand-
ing concerning the localization and expansion of pain in various orofacial
pain states (Chichorro et al., 2017).

Evidence of CNS pain processing has also been noted in studies of pain
thresholds and electrical stimulation of the TM], which found indications
of lower pain thresholds among individuals with arthralgia of the TM]
compared with healthy controls (Cairns, 2010). Such findings are highly
relevant to understanding the experience of orofacial pain at a mechanistic
level, as many individuals with orofacial pain experience increased regional
sensitivity in the skin and muscles around the TM]J.

Of interest to central sensitization is the process of reversible and non-
reversible neuroplastic changes in nociceptive afferents, which has been
shown to be initiated by certain neurochemicals of the nociceptive process.
For example, glutamate activates NMDA receptors and can result in neuro-
plastic changes indicative of central sensitization (Chichorro et al., 2017).
Chichorro and colleagues (2017) write that this process “underscores the
point that the nociceptive pathways and processes in the CNS are not ‘hard-
wired’ but rather are ‘plastic’ and modifiable by events associated with
injury or inflammation in peripheral tissues” (p. 617). Central sensitization
involves the prolonged and increased excitability of neurons and increased
synapse function in central nociceptive pathways (Woolf, 2011), which
can result in pain experienced that may not match or require a noxious
stimulus. This process is known to result in pain hypersensitivity and pres-
sure hyperalgesia, and it enhances temporal summation as well as causing
secondary changes in brain activity (see section on neuroimaging for brain-
based biomarkers of pain) and contributing to diverse pain conditions, such
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as fibromyalgia, osteoarthritis, and TMDs, among others (Woolf, 2011).
Woolf (2011, p. 4) writes,

Central sensitization introduces another dimension, one where the CNS
can change, distort, or amplify pain, increasing its degree, duration, and
spatial extent in a manner that no longer directly reflects the specific
qualities of peripheral noxious stimuli, but rather the particular functional
states of circuits in the CNS.... This does not mean that the pain is not
real, just that it is not activated by noxious stimuli.

An understanding of the mechanistic differences and convergence
across the many peripheral and central mechanisms underlying acute and
chronic pain is critical to the identification of clinically meaningful pain
phenotypes within conditions to guide further research and clinical care.

Orofacial Pain Modulation

The modification of pain on an individual level is a product of the
convergence of modifiable and non-modifiable biopsychosocial factors.
Current research suggests that various interacting mechanisms play a role
in the generation, maintenance, and suppression of pain by the CNS,
which can, as described above, signal a mismatch between the peripheral
nociceptive inputs and the perception of pain by an individual. Hence, the
pain experience is highly heterogeneous across individuals and difficult to
measure objectively (Harper et al., 2016a). Advances in the understanding
of pain signaling mechanisms in both healthy and disease states has led to
the concept of pain modulation, where CNS mechanisms can generate and
maintain pain. This means that the presence of an injury or inflammation
within the peripheral system may not necessarily translate into pain, just
as an individual could experience intense pain in the absence of injury and
inflammation.

Past studies in humans have compared endogenous pain modulation
(pain facilitation or inhibition) in individuals with TMDs versus in indi-
viduals without TMDs. Conditioned pain modulation (CPM), an index of
pain inhibition, is studied by examining the reduction in pain to a noxious
stimulus by a concurrent or prior noxious stimulus at a distant site. Pain
facilitation is examined using a temporal stimulation paradigm, where a
fixed-intensity noxious stimulus is repeated at frequencies that result in
increased pain. Some studies have reported TMD patients feeling greater
pain than controls in response to such stimuli. However, these observations
have not been consistent across all studies (Greenspan et al., 2011; Moana-
Filho et al., 2018), with some findings suggesting impaired CPM effects
and others reporting similar CPM in both people with TMDs and healthy
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controls (Kothari et al., 2015; Moana-Filho and Herrero Babiloni, 2019).
This lack of a significant difference suggests that not all painful TMDs are
associated with compromised endogenous pain inhibitory systems and, by
extension, that there are likely to be subgroups of individuals with TMDs
who feature unique combinations of biopsychosocial mechanisms that con-
tribute to the generation and maintenance of pain (Harper et al., 2016a;
Moana-Filho et al., 2018). These findings support the suggestion that pain
related to TMDs exists on a spectrum from cases where pain is generated
in the periphery through to cases where pain is the result of an exaggerated
response in the CNS, with most cases having a combination of peripheral
and central changes (Harper et al., 2016a) (see Chapter 2 for the discussion
of pain as a chronic disease).

Over the past decade, TMD and chronic pain researchers have become
increasingly interested in developing a more complete understanding of the
different biopsychosocial mechanisms that are responsible for the genera-
tion and maintenance of pain, rather than continuing to rely on exclusively
anatomical classifications of pain (i.e., low back pain, jaw pain) (Bair et
al., 2016). This approach also allows for further exploration of both the
unique and shared mechanisms between TMDs and other commonly co-
morbid pain conditions, such as IBS, fibromyalgia, and chronic pelvic pain.
Clauw writes,

A critical construct is that, within any specific diagnostic category ... indi-
vidual patients may have markedly different peripheral/nociceptive and
neural contributions to their pain. Thus, just as low back pain has long
been acknowledged to have multiple potential mechanisms, so also is this
true of all chronic pain states. (Clauw, 20135, p. 6) (see Table 4-2)

Most notably, as part of the Orofacial Pain Prospective Evaluation and
Risk Assessment (OPPERA) study, cluster analysis performed on data from
a case—control study (1,031 chronic TMD cases and 3,247 controls) identi-
fied three distinct patient subgroups across an array of biopsychosocial fac-
tors. Their findings suggest that classification of individuals into clinically
relevant and mechanistically based subgroups using biopsychosocial risk
factors could provide a better and more personalized approach for under-
standing orofacial pain etiology and, in the future, for the development and
application of more targeted treatments (Bair et al., 2016). The authors
suggest that such a method prioritizes mechanistic and etiological distinc-
tions for pain more effectively than grouping by a specific TMD diagnosis
as mechanisms within a specific pain diagnosis can vary by individual.

The centralized, multi-focal pain that is characteristic of many patients
with TMDs—in addition to many other symptoms, traits, and factors—is
a feature of many other overlapping chronic pain conditions (Williams
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TABLE 4-2 Mechanistic Characterization of Pain

Attribute  Nociceptive Neuropathic Centralized/Nociplastic
Cause e Inflammation or ¢ Nerve damage or e CNS or systemic problem
damage entrapment
Clinical ¢ Pain is well * Follows distribution ¢ Pain is widespread
features localized of peripheral nerves  * Accompanied by fatigue,
* Consistent effect (dermatome or sleep, altered memory,
of activity on stocking/glove) and/or mood
pain * Episodic ¢ Sensory sensitivity
e Lancinating
* Numbness
* Tingling
Mixed Pain States
Classic ¢ Autoimmune e Carpal tunnel ¢ Bladder pain syndrome
examples disorders syndrome e Fibromyalgia
e Cancer pain * Diabetic painful ¢ Functional GI disorders
¢ Osteoarthritis neuropathy  Interstitial cystitis
* Post-herpetic e Temporomandibular
neuralgia disorder
* Sciatica e Tension headache

NOTE: CNS = central nervous system; GI = gastrointestinal.
SOURCE: Modified from Clauw, 2019.

and Clauw, 2009; Clauw, 2015), suggesting that there may be mechanistic
overlap in the pathophysiology in certain subgroups of patients with these
disorders. The mechanistic variability across patients and TMDs needs to
be parsed out to the pathophysiology of each TMD and for the develop-
ment of more effective and individualized care strategies for patients.

The use of standardized quantitative sensory testing (QST) to assess
the function of sensory nerve fibers in patients with TMDs may help de-
fine somatosensory disturbances such as pain sensitivity and endogenous
pain modulation. Additionally, QST may provide further insights on the
mechanisms of pain in TMDs and help predict which individuals are at
higher risk of transitioning from an acute to chronic pain state after injury
or inflammation.

Pain and Biomechanical Function of the TM]

As discussed in a prior section, considerable work needs to be done
to understand how the biomechanical function and use of the TM]J affects
the health of its tissues and the generation and maintenance of orofacial
pain at a mechanistic level. This area of research is complex because of the
multitude of known and unknown mechanisms and interactions involved,
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including mechanical forces, biochemical mediators, peripheral and CNS
interactions, and psychosocial factors affecting the use of the joint and
the experience of pain. The relationship between biomechanical control
or function and pain has been of interest to researchers in other areas of
study, such as low back pain (Hodges and Moseley, 2003) and pain in the
hip and knee (Powers, 2010). However, relatively little is known about
the mechanisms underlying these relationships and how these relate to the
etiologies of TMDs, and there is a lack of consensus in the research regard-
ing a correlation between biomechanical function and pain.

In the case of the TM]’s biomechanical function and orofacial pain,
research has shown that pathological changes to joint tissues, such as the
degeneration of tissues resulting from the overloading of the TM], alters
the biochemical environment of the joint and has some degree of impact
on the mediation of peripheral and central signaling processes that initiate
and maintain pain (Sperry et al., 2017). However, the presence of tissue
degeneration does not equate to a predictable level or the presence of pain,
which supports the concept that other biochemical pathways could also
be affected by biochemical degenerative changes and play a contributing
role (i.e., inflammatory cytokines) in the generation and maintenance of
pain (Sperry et al., 2017). Other mediators associated with degeneration
(collagenase and the increased expression of pERK) may also play a role in
nociception (Gao and Ji, 2009; Adaes et al., 2014), although more research
is required to understand their role in the sensitization of neurons (Sperry
et al., 2017). Furthermore, relatively little is known about the relationship
between pain and parafunction of the masticatory muscles. There is some
evidence suggesting that TMD pain may be associated with increased pro-
tective muscle reflexes, but this requires further study (Cairns, 2010).

This type of research represents an area of significant value for under-
standing the complexities of TMDs from a biopsychosocial perspective,
particularly as researchers continue to elucidate the role of psychosocial
factors in relation to the experience of pain and explore pain’s underlying
biological mechanisms.

Trigeminal Versus Extra-Cranial Pain Signaling Systems

Pain in the orofacial region is signaled via the trigeminal ganglia (TG),
in contrast to pain signaling from the rest of the body, which occurs via the
sensory dorsal root ganglia (DRG). Studies in pain-free human subjects in-
dicate regional differences in endogenous pain inhibition, with significantly
weaker inhibitory pain modulation in areas innervated by the trigeminal
nerve than in other body regions (Levy et al., 2018). Differences in the
origins of DRG and TG neurons have been identified. While DRG neurons
are derived primarily from the neural crest, TG neurons have a dual origin
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and contain cells originating both from the cranial neural crest and from
trigeminal ectodermal placodes (Erzurumlu et al., 2010; Lopes et al., 2017).

Recent efforts have attempted to characterize the gene expression
profiles of the sensory neurons present in DRG and TG to determine if
they have distinct expression profiles and unique molecular fingerprints.
Transcriptome analyses of neurons in mice reveal that, although the cells
at these two sites are fundamentally similar in gene expression, 24 genes
were found exclusively in either of the ganglia and a number of genes were
differentially expressed in DRG and TG neurons, including ion channels
and genes reportedly involved in pain processing (Lopes et al., 2017). These
differences in the expression of inflammatory mediators and pain sensitiv-
ity testing need to be explored. Additionally, large-scale population studies
would be needed to determine whether there is a unique genetic profile and
how this profile may predispose or protect an individual from experiencing
trigeminal pain; however, this would require accurate methods of quantify-
ing trigeminal pain.

Commonalities in Neuronal Pathways and Central Sensitization
Within TMDs and Other Chronic Pain Conditions

The relationship between TMDs and other overlapping chronic pain
conditions, such as primary headaches, cervical spine disease, IBS, and
fibromyalgia, imply the existence of common neuronal pathways and central
sensitization processes (see the example in Box 4-2). Central sensitization
and an impaired descending pain inhibitory system have been postulated as
potential shared pathophysiological mechanisms. Other potential mecha-
nisms, such as peripheral sensitization and neuroimmune interactions, have
also been considered as mechanisms overlapping TMD and comorbid pain
conditions (Costa et al., 2017). Further research is needed to understand
these shared mechanisms and to what extent the effective treatment of a
comorbid condition would affect the pathophysiology of a co-occurring
TMD.

Looking Forward: Priorities for Orofacial Pain Research

As seen in other chronic pain conditions, the contribution of centralized
pain mechanisms is often greater than the initial inciting trigger of the pain.
As such, these pain syndromes can be difficult to replicate in animal models.
The relationship between centralized pain mechanisms and the inciting
disease is evident in the clinical research of disorders classified within the
Diagnostic Criteria for Temporomandibular Disorders. This classification
relies on both Axis I, which provides characterization of the disease in the
joint and muscle, and Axis II, which assesses psychosocial and pain-related
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BOX 4-2
Mechanistic Commonalty Across Migraine and
Temporomandibular Disorders (TMDs)

Calcitonin gene-related peptide (CGRP) is a neuropeptide that mediates
inflammation by increasing blood flow, recruiting immune cells, and sensitizing
sensory neurons in peripheral tissues. CGRP has been implicated in migraine,
and recently CGRP receptor blockers have been approved for the prevention of
migraine. CGRP appears to function similarly in temporomandibular joint (TMJ)
tissues.

In a study by Cady and colleagues (2011), injection of CGRP in the TMJ
caused a sustained increase in the expression of c-Fos neurons and an activation
of astrocytes and microglia in the spinal trigeminal nucleus. In a model of TMDs,
CGRP was also shown to stimulate neuronal and glial expression of proteins
capable of promoting peripheral and central sensitization. Additionally, in a mouse
model of acute orofacial masseteric muscle pain induced by complete Freund’s
adjuvant injection, CGRP antagonist causes a significant reduction in spontane-
ous orofacial pain behaviors and a decrease in the level of Fos immunoreactivity
in the trigeminal nerve (Romero-Reyes et al., 2015). Thus, similar to the case
with migraine, CGRP may play a role in the pathophysiology of TMDs, and the
research suggests that CGRP receptor antagonists effective in the treatment of
migraine may also have therapeutic efficacy in the treatment of individuals with
a TMD.

disability. The incorporation of pain assessments into TM] animal models
will be critical for understanding the transition from acute to chronic pain
and for the improved translation of regenerative medicine research into
clinical care. As measures of widespread pain are developed and tested, they
should be employed in the study of TMDs. See Box 4-3 for select priorities
for orofacial pain research.

NEUROIMMUNE INTERACTIONS AND TMDs

The scientific evidence suggests that while the immune system—which
regulates inflammation to protect against threats—and the nervous system—
which controls bodily functions through the release of neurotransmitters—
are distinct, these two systems coordinate at a molecular and cellular level
to maintain tissue function (Chavan et al., 2017; Veiga-Fernandes and Artis,
2018). Beyond these essential interactions necessary for tissue homeostasis
and function, there is evidence that neuroimmune interactions could play
a role in autoimmune and chronic inflammatory disorders (Hagerty et al.,
2019). The role of the immune—-nervous system interactions on the patho-
physiology of pain and tissue dysfunction found in TMDs remains largely
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BOX 4-3
High-Priority Areas for Orofacial Neurobiology Research

* Improve translation of research findings across the research enterprise through
the development, validation, and use of patient-centered outcome measures in
the study of orofacial pain across disciplines and stages of research.

* Develop, validate, and use new animal models and methods (i.e., novel meth-
ods for administering tests in small animal models, administering and testing
pain in larger animals) mimicking the orofacial pain environment and orofacial
pain experience in humans as well as new methods for measuring subtle
behavior and responses as they relate to orofacial pain.

* Develop animal models of temporomandibular disorders (TMDs) that parallel
clinical types of pain—nociceptive, neuropathic, and nociplastic—to look for
novel targets and the validation of clinical conditions to enhance translation to
the clinical population.

» Identify and develop algorithms for testing which TMDs involve neuropathic,
nociceptive, and nociplastic pain types, test if targeted treatment approaches
enhance pain management, and apply these findings to clinical care practices.

* Explore the biological implications of the anatomical, physiological, and
molecular similarities and differences in the trigeminal ganglia (TG) system
as compared with the extra-cranial pain signaling system using multiple large-
scale techniques, including similarities and differences in the gene expression
profiles of neurons of the dorsal root ganglia as compared with the TG related
to possible predisposition or protection from orofacial pain.

* Apply research approaches for understanding injury-induced plasticity in
other models to TMDs, such as models used for studying post-surgery tissue
trauma.

* Identify the mechanisms, pathways, and their interactions in the develop-
ment, maintenance, and suppression of orofacial inflammatory and neuro-
pathic pain. This includes the exploration of the function of these mechanisms
in health and disease within patient subgroups, therapeutic targets for future
treatments and prevention strategies, biological mechanisms for initiating
nociceptor activity in orofacial tissues, neural mechanisms of both wide-
spread and localized pain and dysfunction, and mechanisms of central and
peripheral sensitization.

* Identify shared mechanisms and potential biological and therapeutic targets of
TMDs and common comorbid pain and non-pain conditions.

* Explore tools, biomarkers, and methodologies such as quantitative sensory
testing for determining predictive risk factors for TMDs, and identify subtypes
of patients and match them with effective therapies.

unclear, although it is a growing area of research because the exploration
of neuroimmune interactions could provide critical information on the
mechanistic underpinnings of complex disorders (Chavan et al., 2017), such
as TMDs and their comorbidities. This section includes a brief overview
of the mechanisms of peripheral sensory neuronal function in response to
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immune challenges, the neural regulation of immunity and inflammation,
and the implications of these findings for treatment.

There are multiple points of interaction and communication between
the nervous system and the immune system. Most relevant are the im-
mune cell activation influences on neuronal circuits (such as changes to
nociceptive signaling thresholds), which subsequently modulate both innate
and adaptive immune responses. This shared molecular signaling—immune
cells can produce what are classically defined as neurotransmitters, and
neurons and their supporting cells release what are classically defined as
cytokines/chemokines—is of particular interest. Different immune—neuronal
signaling interfaces might be augmented in tissue environments responding
to distinct injuries, and therefore an analysis of the mediators in different
subjects with distinct phenotypes might provide opportunities to stratify
patients and try novel therapeutic approaches.

Although research in this field directly related to TMDs is limited, the
existing studies do shed some light on the potential value of this research.
For example, in a mouse model of sustained mouth opening, increased
macrophage/microglia activation was observed in the trigeminal subnucleus
caudalis (Hawkins and Durham, 2016). Furthermore, inhibiting macro-
phage and microglial activation prevented the development of orofacial
mechanical hypersensitivity.

Furthermore, neuroimmune interactions may play an important role
in pain chronicity. Therefore, it may be possible that chronic inflammation
and responses to injury, surgery, implants, and devices may play a role in
establishing chronic symptoms of TMDs. This is based on the concept that
the circuits present in particular patients may favor a greater likelihood of
chronic pain and other symptoms than appear in other patients.

To apply neuroimmune interactions in a clinically meaningful way,
it is critical that the genetic framework of key inflammatory, immune,
and resolution pathways in patients with various subgroups of TMDs
be understood. Because there is significant complexity and heterogeneity
within these neuroimmune interactions at different sites and for different
stimuli, it is therefore important that researchers work toward defining
those pathways and circuits that are relevant to TMD in humans to provide
a foundational understanding. Despite the various unknowns in this area,
enough is known to say that there appears to be potential clinical value for
individuals with inflammatory TMDs. Indeed, recent clinical trials using
bioelectric devices to modulate the neuroimmune pathways as a treatment
strategy for inflammatory diseases such as rheumatoid arthritis and inflam-
matory bowel disease have demonstrated some success (Brinkman et al.,
2019; Payne et al., 2019).
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Looking Forward: Future Areas of Neuroimmune Research for TMDs

To date, there has been only limited study of the role of neuroimmune
mechanisms in the pathophysiology of TMDs. Neuroimmune approaches
have been used in other fields and with other complex diseases (Hagerty et
al., 2019), and lessons can be learned both from those findings and from
the methodologies employed. The study of neuroimmune interactions rep-
resents significant value to the broader field of TMD research, as findings
in this area would provide insight into shared mechanisms for inflammation
and chronic pain, indicate shared risk factors for autoimmune and inflam-
matory conditions, and suggest meaningful therapeutic targets needed for
the development of more effective treatment and care practices. Several
areas of neuroimmune research that could provide promise for TMDs are
listed in Box 4-4.

NEUROENDOCRINE INTERACTIONS,
STRESS RESPONSE, AND TMDs

The neuroendocrine system is a complex network of neurons, glands,
and non-endocrine tissues that generate and interpret a wide variety of
neurochemicals, hormones, and other signals that function to regulate phys-
iology or behavior (Levine, 2012). The hypothalamus, anterior pituitary
systems, adrenal cortex, and downstream target tissues are key axes in the
neuroendocrine system. Regulation of the hypothalamic—pituitary—adrenal
(HPA) axis is an essential part of how humans adapt to their environment
and is important for the body’s response to stress and to the homeostatic

BOX 4-4
High-Priority Areas for Neuroimmune Research
on Temporomandibular Disorders (TMDs)

* Exploration of the genetic framework of key inflammatory and immune path-
ways across the heterogeneity in patients and TMDs.

* Investigation of the role of neuroimmune cell units at barrier surfaces. This
area of research involves the interactions among macrophages, ILC2, ILC3,
and various neuronal or glial cells.

* Application of novel measurement approaches to define the genetic and epi-
genetic landscape in cell subpopulations (RNA-seq/ATAC-seq) within patients
and patient subgroups over time.

* |dentification of tissue-specific interactions, particularly neuroimmune cell units
at barrier surfaces and neuronal interactions in the skin.
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regulation of the metabolic, cardiovascular, immune, reproductive, and
central nervous systems (Smith and Vale, 2006).

Recently there has been growing scientific interest in the role of stress,
activation of the HPA axis, and downstream inflammation on the initia-
tion and progression of TMDs. For example, one study showed that indi-
viduals with a TMD exhibited higher scores on both the Hospital Anxiety
and Depression Scale as well as on “pain-catastrophizing events”—both
scores of which may possibly contribute to the upregulation of the HPA
axis (Staniszewski et al., 2018). Laboratory studies have also demonstrated
the relationship between cortisol and circulating levels of pro- and anti-
inflammatory cytokines (e.g., IL-6, TNF-a). Further study is needed to
better understand the relationship between stress-related hormones and
the onset and severity of TMD symptoms and across subgroups of patients
with TMDs.

Other multi-system, chronic pain conditions such as fibromyalgia ex-
hibit altered neuroendocrine and autonomic nervous system function, with
both hypo- and hyperactive stress responses having been reported (Adler
et al., 2002). Heart rate variability has been used as an indicator of the
balance between the parasympathetic and sympathetic nervous system, the
two branches of the autonomic nervous system. As measured by 24-hour
heart rate monitoring, heart rate variability is lower in persons with a TMD
(Chinthakanan et al., 2018), suggesting reduced vagal tone. Additional re-
search on autonomic nervous system function in individuals with a TMD
is needed to better understand how that function is altered and if it can be
a target of therapeutic interventions.

Chronic pain disorders such as IBS, fibromyalgia, migraine, and
interstitial cystitis are present at higher rates in females. In a rat model the
estrous cycle and fluctuations in estrogen levels seemed to be linked to pain
sensitivity fluctuations (Moloney et al., 2016). There are indications that
TMD pain symptoms vary across the menstrual cycle, peaking in the late
luteal phase and at menses (LeResche et al., 2003). These phases represent
the time of declining or low estrogen levels. Additional research is needed
to gain clarity on the effect of estrogen levels and the menstrual cycle on
TMD initiation, progression, and response to treatment. The next section
covers research on sex differences observed with TMDs in greater detail.

Finally, rigor and reproducibility are two important methodological
considerations to take into account with regard to studies on the body’s
stress response and its relationship to pain in the context of complex disor-
ders such as TMDs. This is because the stress itself can produce hyperalgesia
or analgesia, which raises the question of appropriate comparison groups
that consist not only of healthy controls but of healthy controls with similar
self-reported stress levels. Furthermore, while there is evidence that patients
with a TMD report higher levels of anxiety and depression on standardized
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tools, these studies often fail to measure such factors as individual resiliency
traits, support networks, and coping strategies that may blunt activation of
the HPA axis. Research priorities are highlighted in Box 4-5.

Sex Differences and Painful TMDs

Systematic reviews and meta-analyses indicate that the prevalence
of TMDs is more than twice as great in women as in men (odds ratio of
2.24 for combined TMD groups) in all diagnostic groups of the Research
Diagnostic Criteria for Temporomandibular Disorders (Axis I: groups I,
II, and III) (Bueno et al., 2018), and current evidence suggests that sex
hormones may play some role in the pathophysiology of TMDs (see Chap-
ter 3). The increased prevalence of TMDs in women of reproductive age,
along with a low prevalence in childhood, suggest that sex hormones
such as estrogen may play a role in the pathophysiology of TMD. Studies
comparing women with TMDs with controls indicate that the former have
a hyperinflammatory phenotype characterized by an increased release of
cytokines from circulating monocytes after an inflammatory insult, which
was further increased by estrogen (Ribeiro-Dasilva et al., 2017). These
preliminary observations suggest that women with a TMD may exhibit
an estrogen-induced hyperinflammatory phenotype that may contribute
to central sensitization. Early-life stress—an established risk factor for
chronic pain—and estrous-cycle estrogen fluctuations have been linked
to pain sensitivity and central sensitization of visceral pain in female rats
(Moloney et al., 2016). Further research is needed in TMD animal models
to determine how estrous cycles and early-life stress mediate pain sensitiza-
tion. In addition, a recent study employing a TM]J arthritis model in rats
reported a greater susceptibility to hypersensitivity and central sensitiza-
tion in females versus males despite the females receiving a concentration
(16.6 mg/mL) of injected monosodium iodoacetate that was only one-fifth

BOX 4-5
High-Priority Areas for Neuroendocrine Research on
Temporomandibular Disorders (TMDs)

* Elucidate the interactions among the endocrine, immune, and nervous sys-
tems in response to stress in individuals with a TMD.

* Examine the relationship between stress-related hormones and the onset and
severity of TMD symptoms.

* Increase research on the effect of fluctuating hormone levels on TMD initiation,
progression, and response to treatment.
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the concentration in the males (80 mg/mL). Female rats developed more
widespread pain hypersensitivity following acute inflammation, suggesting
that TM]J osteoarthritis may serve as a model for future studies of sex dif-
ferences (Sannajust et al., 2019).

Additionally, there is some evidence that sex differences exist with
regard to estrogen and neuropathic pain signaling. As described above, the
voltage-gated sodium channel acts as the threshold channel for the firing
of action potentials and is thought to play an important role in pain sig-
naling. The effects of estrogen on the Na 1.7 sodium channel expression
in the trigeminal ganglion have been examined in experimental models. In
rodents, estradiol-enhanced TM]J inflammation induced the upregulation of
Na 1.7 in the trigeminal ganglion (Bi et al., 2017). These observations are
consistent with the hypothesis that estrogen enhances hyperalgesia of an
inflamed TM] by modulating the expression or channel threshold of Na 1.7
in the trigeminal ganglion.

There is also evidence of sex differences in spinal cord pain process-
ing mediated by the NMDA receptor, with NMDA antagonism reducing
nociceptive responses more in males than in females (Del Rivero et al.,
2019). Building off prior research indicating that the blockage of TNF
receptor 1 (TNFR1) signaling in mice resulted in a failure to develop neuro-
pathic pain or depressive symptoms following chronic constriction injury,
Del Rivero and colleagues (2019) tested the therapeutic efficacy of a drug
targeted to inactivate TNFE. The results indicated that only male mice experi-
enced accelerated recovery from neuropathic pain following administration
of the therapeutic agent, while females did not, suggesting that TFNR1
signaling is associated with pain following nerve injury in males but not in
females. The failure of the agent to work in female mice is thought to be
due to inhibition of TENR1 signaling and decreased NMDA receptor levels
following injury (Del Rivero et al., 2019). While this specific mechanistic
difference is valuable in its own right, this dichotomy in response between
the sexes indicates more broadly the importance of conducting research into
sex-specific mechanisms of pain as a critical component in the development
of effective therapeutics for TMDs.

Looking Forward

Sex differences play a significant role in the mechanisms underlying
chronic pain and will require additional focused study if safe and effective
treatments targeted for high-risk groups, such as females, are to be devel-
oped. Animal models specifically designed to explore sex differences in the
development of chronic pain, such as the methodology used by Sannajust
and colleagues (2019), are needed for TMDs (see Box 4-6).
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BOX 4-6
High-Priority Areas for the Study of Sex Differences in
Temporomandibular Disorders (TMDs) and Orofacial Pain

* Explore the sex-specific mechanisms underlying acute and chronic pain and
potential therapeutic targets for treatment across the life-span.

* Identify biomarkers that might be unique for female pre-symptom prognosis
and predisposition.

* Investigate sex differences in response to early stress exposure and sex dif-
ferences in chronic overlapping pain conditions.

* Characterize the effects of reproductive hormones in relation to temporo-
mandibular joint disease across the life-span.

BIOMARKERS AND MOLECULAR GENETICS OF TMDs

The role of genetics in TMD pathophysiology is an area of increas-
ing research interest due in part to the growing body of literature on
genetic variants associated with similarly multifactorial musculoskeletal
and chronic pain conditions (Meloto et al., 2011). In the case of chronic
pain, genetic factors are thought to account for approximately half of the
variability in pain sensitivity and risk of chronicity (Harper et al., 2016a).
However, the contribution of genetics to pain is complex and likely oc-
curs via the interactions of a network of single nucleotide polymorphisms
(SNPs), rather than through an association with a single SNP (Meloto et
al., 2018). Additionally, a variety of psychosocial and environmental factors
and exposures likely affect these polygenetic susceptibilities toward or away
from chronic pain, although why and how this occurs is not well estab-
lished (Meloto et al., 2011; Zorina-Lichtenwalter et al., 2016). Many genes
have been investigated to understand their influence on pain processing (see
Box 4-7). Of the pain conditions studied, musculoskeletal disorders (TMDs,
low back pain, fibromyalgia, and chronic widespread pain) and migraines
have received the greatest amount of investigation and have been associated
with the greatest number of genetic variants (Zorina-Lichtenwalter et al.,
2016). A more complete understanding of the genetic basis of TMDs and
overlapping genetic associations with commonly comorbid conditions could
provide clarity on etiology, an improved understanding of orofacial pain
mechanisms, and ultimately improve clinical care. This area of research is
one in which the technologies and methodologies are changing rapidly, and
it will be critically important for TMD research to stay on the cutting edge
of research advances.
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BOX 4-7
Selection of Genetic Mechanisms Affecting Pain Processing in
Chronic Pain Conditions

Catechol-O-methyltransferase

Sodium channel mutations (Na, 1.7, Na, 1.9, SCN9A)
Potassium channel mutations

GTP cyclohydrolase

Adrenergic receptors

SOURCES: Amaya et al., 2006; Diatchenko et al., 2006; Tegeder et al., 2006;
Costigan et al., 2010; McLean, 2011; Zorina-Lichtenwalter et al., 2016.

Targeted genotyping studies conducted over the past decade have iden-
tified a number of genetic variants that may be associated with TMDs
and orofacial pain. A 2016 review of studies of genetic predictors of
chronic pain conditions found 36 genes associated with TMDs, including
several genes that are also associated with other pain conditions (Zorina-
Lichtenwalter et al., 2016). Of those genetic variants thought to play a
contributing role in TMD pathophysiology, catechol-O-methyltransferase
(COMT) is one that has been well studied as a contributor to chronic pain
(Mogil, 2012). Mechanistic studies show that alterations in COMT activ-
ity modulate the beta-adrenergic receptors, which in turn stimulate pro-
inflammatory cytokine production (Nackley et al., 2007). Other possible
genetic variants identified involve the adrenergic (ADRA2C, ADRA1D)
(Smith et al., 2011), estrogenic (ESR1) (Ribeiro-Dasilva et al., 2009), and
serotonergic systems (HTR2A, SLC6A4) (Ojima et al., 2007; de Freitas et
al., 2013). Additionally, possible associations between a genetic variant in
IL-10, a proinflammatory cytokine, and TMD have been suggested (Smith
et al., 2011).

The OPPERA study—the largest study to date of the genetic risk fac-
tors for TMDs—has also gathered extensive phenotypic information from
individuals before and after acute onset of a TMD and also those indi-
viduals who transition from acute to chronic pain (see Chapter 3). In
their 2011 publication describing findings from the OPPERA case—control
study, OPPERA researchers identified several potential genetic risk factors
associated with TMDs; specifically, seven SNPs were found to be associ-
ated with pain perception, affective processes, and inflammation: COMT,
HTR2A, NR3C1, CAMK4, CHRM2, IFRD1, and GRK5 (Smith et al.,
2011). The 2013 follow-on study, which was a prospective cohort study,
found no SNPs to be significantly associated with the initial onset of a
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TMD; however, significant associations were noted in SCN1A and ACE2
with non-painful orofacial symptoms. Mutations in SCN1A and ACE2
have been associated with changes in pain processing (Smith et al., 2013).

Several genetic variants associated with TMDs have also been impli-
cated in targeted genetic association studies for other chronic pain condi-
tions, although the meaning of these overlapping genetic variants has yet
to be unraveled. COMT, as mentioned above, has been associated with
fibromyalgia (Vargas-Alarcon et al., 2007) and stress-induced chronic pain
(McLean, 2011), while ADRB2, an adrenergic mechanism, has been re-
ported in genetic association studies of fibromyalgia (Vargas-Alarcén et al.,
2009) and low back pain (Skouen et al., 2012). Further research is neces-
sary to identify and investigate how these polygenetic associations relate to
the pathophysiology of TMDs and comorbid conditions.

Studies of genetic associations with TMDs encounter several chal-
lenges. Most significant is the lack of studies using large populations. With
the exception of OPPERA, most studies have had small participant sizes
and used targeted genotyping approaches, making it difficult to identify
novel genes associated with TMDs and potential biomarkers. Additional
exploratory research looking across the entire genome (e.g., using next-
generation sequencing and genome-wide association studies) may facilitate
a better understanding of the genetic architecture of TMDs and those of
other pain conditions.

Biomarkers for TMDs

Researchers face multiple challenges in developing safe and effective
therapies for TMDs. These challenges include the current limited under-
standing of the mechanisms of TMDs, a lack of and poor translation
of preclinical and clinical data, too few robust clinical trials, and a lack of
validated biomarkers to predict treatment response and stratify patients
into clinically meaningful and mechanistically based subgroups (Harper et
al., 2016a; Doshi et al., 2020). (See Box 4-8 for descriptions of biomarkers
and their uses.) Other clinical fields, such as oncology and cardiovascular
and metabolic diseases, have demonstrated the value of biomarkers in pre-
dicting treatment response (Ferber, 2002).

Several studies have targeted potential TMD biomarkers for investiga-
tion; however, most of these studies featured very small sample sizes and
have not been replicated in other populations. In a case—control study
(n=30) of plasma levels of dopamine and serotonin, Dawson and colleagues
(2016) found significantly higher levels of dopamine in individuals with
a painful TMD than in health controls, as well as a correlation between
heightened levels of dopamine and increased pain intensity and perceived
stress. However, further research is needed to understand the function of
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BOX 4-8
What Is a Biomarker?

It is important to clearly define the term “biomarker” and to describe the types
of biomarkers. The Biomarkers, Endpoints, and Other Tools resource, a glos-
sary developed by the Biomarker Working Group, which is a joint program of the
Food and Drug Administration and the National Institutes of Health, defines a
biomarker as “A defined characteristic that is measured as an indicator of normal
biological processes, pathogenic processes, or responses to an exposure or
intervention, including therapeutic interventions” (FDA-NIH Biomarker Working
Group, 2018). Therefore, a biomarker is not a clinical endpoint, which provides
an indication of how an individual feels and functions. There are a number of
potential candidate biomarkers from multiple domains and levels of analysis,
including (a) electrophysiology in peripheral nerves and brain; (b) omics assays
of blood, cerebrospinal fluid, and other tissues; and (c) structural and functional
imaging of peripheral tissues and the brain. Biomarkers can be used for research
and clinical care in several ways:

* Diagnostic biomarkers are used to detect or confirm the presence of a
condition or to identify individuals within a specific subtype of a condi-
tion. Diagnostic biomarkers would be useful in subtyping temporomandibular
disorders (TMDs) for clinical care and research.

* Monitoring biomarkers are used to assess the status of a condition or
exposure over time.

* Predictive biomarkers are used to identity individuals who are likely to
respond in a specific manner to a treatment or therapy.

* Prognostic biomarkers can indicate the likelihood of a future clinical event,
disease recurrence, exacerbation of a painful condition, or a progression
in patients with pain. For TMDs, prognostic biomarkers in particular hold
potential to help identify individuals who have a greater likelihood for devel-
oping persistent pain after an initial injury or occurrence of TMD pain.

* Response biomarkers are used to illustrate a biological response, such as
to indicate a patient’s response to a therapy or to an exposure.

» Safety biomarkers can be used to indicate likelihood of an adverse event
due to treatment.

* Susceptibility/risk biomarkers are used to assess the potential for develop-
ing an injury or disease in the future.

SOURCE: FDA-NIH Biomarker Working Group, 2018.

the dopamine pathway as it relates to TMDs and to determine whether it
could be clinically valuable as a biomarker (Dawson et al., 2016).
Cytokines have also been indicated as a potential diagnostic biomarker
for TMDs because of the mechanistic role that pro-inflammatory cytokines
play in initiating an immune response and pain induction and the suggested
involvement of cytokines in the transition from acute to chronic pain.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25652

Temporomandibular Disorders: Priorities for Research and Care

160 TEMPOROMANDIBULAR DISORDERS

Furthermore, past research has indicated that cytokine levels are elevated
within the TM]J of individuals with TMDs (Kaneyama et al., 2002; Mat-
sumoto et al., 2006; Kobayashi et al., 2017) and points to an association
between cytokines and increased pain sensitivity. A heightened production
of cytokine levels has also been associated with psychosocial factors, such
as perceived stress (Maes et al., 1998) and depression (Maes, 1999), which
are associated with painful TMDs. A 2011 case—control study (n=344)
found that “localized and anatomically widespread patterns of chronic
pain are associated with distinctive profiles of inflammatory biomarkers at
protein, transcription factor activity, and gene levels” (Slade et al., 2011, p.
12). Specifically, localized TMDs were associated with an anti-inflammatory
cytokine, IL-1RA, and TMDs with widespread palpation tenderness were
associated with another cytokine, IL-8. Such findings suggest that cytokines
could function as diagnostic biomarkers in the future (Slade et al., 2011;
Kobayashi et al., 2017), although additional research is needed. Other
inflammatory mediators such as 5-HT, TNFa, and prostaglandins have
been explored as potential biomarkers for orofacial pain because of their
presence in the synovial fluid of inflamed joints and their absence in healthy
individuals, as have certain neuropeptides such as substance P and CGRP
(Sessle, 2011).

Unfortunately, the field of TMD research and clinical care does not yet
have rigorously validated biomarkers (Nagakura, 2017). It is unlikely that
a single biomarker for TMDs will be found due to the complex biopsycho-
social nature of TMDs and pain, which cannot be broken down into
distinct, independent components. At this point, there are no confirmed bio-
markers for TMDs, although there are a number of inflammatory markers
that have been suggested as potential biomarkers.

Application of Novel Approaches to the Study of TMDs

The application of omics—genomics, proteomics, transcriptomics,
metabolomics, etc.—approaches offers the possibility to collect large
amounts of data and map molecular patterns within complex disorders
(Hasin et al., 2017) like TMDs and other chronic pain conditions. These
data, with proper translation, aid in the ability to identify clinically mean-
ingful biomarkers, stratify patients based on mechanistically relevant fac-
tors rather than by diagnoses, and identify therapeutic targets (Gazerani and
Vinterhgj, 2016), among others. The clinical value of omics research has
been demonstrated. In their 2011 review of genomics research on TMDs,
Meloto and colleagues point to pharmacogenomics research that described
the outsized role of genetic factors (specifically two genes) on the optimal
dosing of the anticoagulant warfarin as an example of similar research
that could be conducted for TMDs. Currently, the literature contains few
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examinations of blood, synovial fluid, or tissue from human subjects with
TMDs that use large-scale, non-targeted approaches in the areas of genom-
ics, epigenetics, proteomics, lipidomics, immune profiling, transcriptomics,
metabolomics, and immunophenotyping, despite such approaches having
resulted in key scientific breakthroughs in other fields.

Omics approaches are now being applied to the field of pain research
through the exploration of DNA, RNA, protein, and metabolic changes in
both animal models and in human subjects (Gomez-Varela and Schmidt,
2018); some of the findings of those studies hold potential value for TMD
research. Proteomic analysis, which provides data on the expression, func-
tion, and regulation of proteins, can provide insights into disease patho-
physiology, biomarkers, and treatment response (Gazerani and Vinterhgj,
2016). A proteomic analysis of urine from women with IBS, a chronic pain-
related condition that is frequently comorbid with TMD, highlighted several
possible protein differences between well-phenotyped subgroups of IBS
patients and healthy controls (Goo et al., 2012). This initial analysis found
18 proteins that differed between participants with IBS and healthy controls,
and a follow-up study with one of these proteins, trefoil factor 3, which is
known to play an important role in gut barrier protection, revealed strong
associations between this protein and fecal microbiome taxa (Heitkemper et
al., 2018). Similarly, among those with chronic widespread pain, a chronic
overlapping pain condition often found in those with fibromyalgia, muscle
biopsies identified 17 proteins that were different from those in healthy
controls and were associated with metabolism, muscle damage, stress, and
inflammation (Olausson et al., 2015). These approaches have also been ap-
plied in the Multidisciplinary Approach to the Study of Chronic Pelvic Pain
(MAPP) Research Network study, a longitudinal analysis following chronic
pelvic pain, which used pain testing and clinical phenotyping to understand
the complexities of symptom flares over time (Harte et al., 2019).

Metabolomics is another emerging area of research in the study of
chronic pain that could provide insights for TMD research. This field
investigates the molecular products of the metabolic process within fluids
and tissues and can provide data on cellular states and phenotypes (Gazerani
and Vinterhoj, 2016). In their review, Gazerani and Vinterhegj (2016) ex-
plain that metabolomics can provide mechanistic insight into the relation-
ship between disease phenotypes and biochemical changes. Metabolomic
techniques have been used to identify a marker of neuropathic pain in rats
(Patti et al., 2012), an indication of its potential as a future tool to differ-
entiate pain types and inform treatment (Gazerani and Vinterhgj, 2016).

Omics approaches such as those described above would be valuable in
the study of TMDs, particularly for understanding shared mechanisms with
other chronic overlapping conditions, peripheral and CNS responses, and
novel mechanistic and therapeutic targets.
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Using these novel methods, researchers could explore how certain
genetic loci and non-coding mutations relate to immunoprofiles in patients
with clinically defined TMD phenotypes. Through the use of bioinformatics
and pathway analyses, polygenic risk scores can also be examined. Further-
more, sophisticated gene-editing techniques (e.g., CRISPR/Cas9), viral vec-
tor cell-specific manipulation techniques (e.g., lentivirus with cell-specific
promotors), and cell manipulation techniques (e.g., optogenetics, designer
receptors exclusively activated by designer drugs) could allow for a more
detailed downstream analysis of multiple systems and pathways leading
to the generation and maintenance of painful TMDs as well as other pain
conditions. Additionally, standardized clinical phenotyping and documenta-
tion may allow for the identification of common exposures and stressors,
which are not yet well understood.

Looking Forward: Future Areas of Omics Research for TMDs

A greater application of omics approaches—genomics, epigenomics,
proteomics, metabolomics, transcriptomics, lipidomics, and immune
profiles—to the study of TMDs is needed to understand TMD etiology
and identify relevant biomarkers (see Box 4-9). Particularly of value would
be the thoughtful integration of a selection of omics approaches to im-
prove identification of patient subgroups and provide a more detailed
understanding of potential targets for treatment. Gazerani and Vinterhgj

BOX 4-9
High-Priority Areas in Omics and Biomarker Research on
Temporomandibular Disorders (TMDs)

e Use broad genomics approaches (e.g., genome-wide association studies
[GWASS]) and next-generation sequencing to identify potentially novel genetic
variants that are relevant to specific clinical subtypes of TMDs.

* Incorporate the use of molecular tools including CRISPR/Cas9, cell-specific
manipulation, and optogenetics to confirm the role of genetic variants associ-
ated with TMDs, and identify molecular and neural mechanisms associated
with pain and tissue dysfunction.

e Use information from GWASs to better understand the interaction between
genetic predisposition to TMDs or chronic pain and biopsychosocial exposures.

* Investigate associations of genetic loci and non-coding mutations and immuno-
profiles with clinically defined TMD phenotypes.

* Integrate a variety of unbiased omics approaches and bioinformatics/data ana-
lytics to help identify biomarkers with predictive value, prognostic biomarkers,
mechanistic biomarkers, and those unique to certain TMDs.
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(2016, p. 262) note that the integration of proteomics and metabolomics
into genomics research on pain “enhances [the] quality and validity of big
data application in terms of efficacy and safety of approaches taken toward
pain and its treatment.” Additionally, because TMDs often present with
comorbid pain conditions, a focus on targets beyond TMDs could provide
new mechanistic insights and potential therapeutic targets. The committee
recommends carrying out non-targeted omics approaches to examine and
compare local tissue with more systemic biomarkers in human subjects
and animals. Once potential predictor, prognostic, and resilience markers
have been identified in human subjects, these should be subsequently vali-
dated as therapeutic targets in animal models to aid translational research.
Such translational studies act as bridging mechanisms and will be essential
to pushing the research forward. These future TMD biomarkers can help
drive the discovery of new therapies and define more targeted and person-
alized approaches to patient care based on a unique TMD “biosignature.”
Such future biomarkers will need to address acute, chronic, and high-impact
TMDs as well as vulnerability to the development of TMDs, recovery,
and treatment outcomes. Combined with appropriate clinical endpoints,
these biomarkers could help improve the classification of TMD subtypes
and predict TMD progression. Patient stratification biomarkers—which
could place individuals into clinically meaningful and mechanistically based
subgroups—would be particularly useful in informing the design of clinical
trials by improving patient selection and reducing expenses by allowing for
more targeted and smaller clinical trials within these subgroups.

NEUROIMAGING OF THE CNS:
EXPLORATION OF TMD PHENOTYPES

Neuroimaging has opened a window to the brain for the non-invasive
study of both structure and function and has expanded understanding of
how pain processing is linked to the CNS, how it is disrupted, and how
those disruptions occur with the chronification of pain (Davis and Moayedi,
2013; Nash et al., 2013; Cowen et al., 2015; Martucci and Mackey, 2016,
2018; Martucci et al., 2019; Weber et al., 2018). Furthermore, neuro-
imaging allows a new perspective and a deeper understanding of the com-
plex nature of chronic pain experience. This has led to the adoption of a
whole-brain approach to the study and treatment of chronic pain and the
development of novel technologies and analytic techniques, which could
have major potential for the development of new diagnostics and more
effective therapies. Various neuroimaging modalities have been used, in-
cluding positron emission tomography (PET), electroencephalograpy (Diers
et al., 2007), magnetoencephalography, single-photon emission computed
tomography (Harisankar et al., 2012), and magnetic resonance imaging
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(MRI). These techniques have been used to study several chronic pain
states, including TMDs (Shibukawa et al., 2007; Younger et al., 2010;
Gerstner et al., 2011; Moayedi et al., 2012; He et al., 2014, 2018; Lin,
2014; Monaco et al., 2015; Wilcox et al., 2015; Harper et al., 2016b;
Mupparapu et al., 2019; Ozdiler et al., 2019), chronic low back pain (Ung
et al., 2012), fibromyalgia (Staud, 2011a), osteoarthritis (Howard et al.,
2012), complex regional pain syndrome (Schwenkreis et al., 2009; Barad et
al., 2014), phantom-limb pain, chronic migraine (Chiapparini et al., 2010),
chronic pelvic pain (Farmer et al., 2011; Kairys et al., 2015), and peripheral
neuropathy (Moisset and Bouhassira, 2007), among others.

Structural Neuroimaging for TMDs

Researchers have found structural brain differences in gray matter
density, gray matter volume, and cortical thickness, among other differ-
ences, between people with chronic TMD pain and healthy volunteers
(Younger et al., 2010; Moayedi et al., 2011; Lin, 2014; Wilcox et al.,
201S5). Structural changes have been identified in both the brain (primary
somatosensory cortex, cingulate cortex, thalamus, putamen, pallidus,
anterior insula) and the brainstem (trigeminal sensory nuclei, medullary
dorsal horn) (Younger et al., 2010; Moayedi et al., 2011; Lin, 2014;
Wilcox et al., 2015). These findings suggest that there is an underly-
ing structural plasticity within the brain and that changes in cellular
composition within the brain may occur in individuals with a TMD.
However, the underlying physiological changes that contribute to these
differences in gray matter remain unknown. Researchers have hypoth-
esized that changes in gray matter may be the result of changes in gray
matter microstructure and the prevalence of glial and other supporting
and neuroimmune cells within the brain, in addition to other possible
mechanisms (Zatorre et al., 2012). Finally, researchers have investigated
white matter abnormalities using diffusion tensor imaging to investigate
TMDs. Moayedi and colleagues (2012) found that people with painful
TMDs have lower fractional anisotropy in the bilateral trigeminal nerve
and diffuse abnormalities in the microstructure of white matter tracts
related to sensory, motor, cognitive, and pain functions. These structural
MRI findings point to gray and white matter abnormalities in the brain
and brainstem systems responsible for the experience and modulation of
pain. While these associations have been well established, the causal role
of these changes still must be determined. It is important to understand
whether the brain changes result from TMDs or whether these differences
confer a vulnerability that contributes to the development of a TMD or
to the transition from acute to chronic forms of TMDs. Additionally, the
reversibility of these changes with therapies is of interest.
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Functional Neuroimaging for TMDs

Researchers have used neuroimaging techniques to study functional
differences in the brain experiencing chronic pain, including TMDs, versus
healthy states. Many of these studies used functional MRI (fMRI) tech-
niques to investigate both abnormalities in brain function in TMDs and
also the effect of treatment, specifically functional orthodontic treatments
(He et al., 2014, 2018). Collectively, the functional neuroimaging research
on pain points toward a heightened responsivity of the CNS to afferent
noxious and innocuous stimuli in chronic pain. Additionally, more research
with robust participant selection criteria and methodologies is needed to
determine the extent that MRI brain-based biomarkers are useful for treat-
ment prediction.

The emergence of resting state fMRI for studying non-evoked brain
activity and functional connectivity has allowed many investigations of
chronic pain to gain a broader understanding of brain processes, as opposed
to only those processes related to noxious stimuli. Several studies applied
resting-state fMRI to characterize differences in non-evoked (i.e., resting)
brain activity among people with TMDs (He et al., 2018). Participants with
TMDs exhibited reduced network functional connectivity, supporting the
suggestion that TMDs are associated with reduced functional connectivities
in brain corticostriatal networks and that these reduced functional connec-
tivities may underlie motor control deficits, pain processing, and cognition
in individuals with TMDs, although additional research is needed.

The Future of Neuroimaging and TMDs

Other advances in the field of pain neuroimaging include combining
multiple neuroimaging modalities with large-scale, multi-site investigations.
Neuroimaging researchers are increasingly using analytical methods that
combine multiple neuroimaging modalities to understand chronic pain.
For example, a study by Schrepf and colleagues (2016) used combined
PET imaging and fMRI to identify increased p-opioid receptor availability
and evoked pain brain activity (blood oxygenation level dependent) co-
occurring in the anterior insula of individuals with fibromyalgia (Schrepf
et al., 2016). The neuroimaging of pain is also being included as a major
component of large-scale, multi-site investigations that focus on idiopathic
chronic pain conditions such as urological chronic pelvic pain (i.e., intersti-
tial cystitis, chronic prostatitis, bladder pain syndrome) (Alger et al., 2016).
These collaborative multi-site investigations are also including longitudinal
investigations that illustrate changes in brain activity to track symptom
profiles over time (Kutch et al., 2017b). Such multimodal, multi-site col-
laborations offer tremendous opportunities for the study of TMDs.
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Future of Brain-Based Biomarkers of Pain and TMDs

MRI has opened a window to the brain by allowing for the non-
invasive study of both structure and function and the validation of the role
of the CNS in chronic pain. MRI offers a significant opportunity to identify
and validate neuroimaging-based biomarkers and surrogate endpoints for
pain. Preliminary brain biomarkers have been identified in individuals expe-
riencing acute and chronic pain (Marquand et al., 2010; Brown et al., 2011;
Brodersen et al., 2012; Wager et al., 2013; Bagarinao et al., 2014; Woo et
al., 2015, 2017; Kutch et al., 2017a,b; Lopez-Sola et al., 2017; Cheng et al.,
2018; Zhong et al., 2018). These biomarkers would be of value to clinical
and research communities by aiding prognosis (Baliki et al., 2012; Mutso et
al., 2014) and understanding pain progression (Mackey, 2014, 2016; Von
Korff et al., 2016), predicting response to a treatment, ascertaining a diag-
nosis, identifying targets for treatment, and defining surrogate endpoints
and predicting clinical benefit.

PSYCHOSOCIAL FACTORS UNDERLYING TMDs

The biopsychosocial model seeks to take into account all factors—
biological, psychological, and social—that may play a role in the onset and
progression of TMDs (see Chapter 2 for an overview of this approach).
Unraveling the biological mechanisms underlying the pathophysiologies of
TMDs has been the greatest focus of basic research thus far; however, the
role of psychosocial factors has increasingly been elevated in importance as
the biopsychosocial model is absorbed into research and care philosophies.
Despite acknowledgment of the contributing role of psychosocial factors in
the experience of pain, this area of research remains out of balance with the
comparatively large body of research on biological mechanisms.

How psychosocial factors affect pain and tissue dysfunction associ-
ated with TMDs remains unknown, although the significant overlap in
psychosocial risk factors between TMDs and other chronic pain condi-
tions (see Chapter 3 for discussion of psychosocial risk factors) suggests
that similar underpinnings may be at work. Psychosocial factors (i.e.,
anxiety, depression, negative affect, and symptom burden) and their im-
pact on the generation, maintenance, suppression, and perception of
pain have been studied across overlapping conditions like fibromyalgia
(Giesecke et al., 2005), interstitial cystitis (Nickel et al., 2015), IBS, and
headache (Kato et al., 2009). This small body of research suggests that,
as it relates to the experience of chronic pain, certain psychosocial fac-
tors may mediate activity in the various parts of the brain responsible for
processing the sensory versus the affective aspects of pain (Giesecke et al.,

2005; Harper et al., 2016a).
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There is some evidence that psychosocial factors may play a role in
the amplification and maintenance of orofacial pain. In a study of 163
individuals with a TMD, those who score high on the pain catastrophizing
scale had a six-fold increase in risk of developing persistent pain (Reiter et
al., 2015). In another study, orofacial pain response was associated with
depression in participants with TMDs (Sherman et al., 2004). The presence
of high symptom burden was also associated with increased TMD incidence
and decreased improvement in orofacial pain after 5 years (Ohrbach and
Dworkin, 1998). These findings for orofacial pain support prior research
by Giesecke and colleagues (2005), which demonstrated that individuals
with fibromyalgia and depression experience increased pain amplification
by the CNS compared with individuals with fibromyalgia but no reported
psychological comorbidity.

Findings from the OPPERA study indicate that psychological distress
and other somatic symptoms may act as predictive risk factors for develop-
ing a painful TMD (Fillingim et al., 2011). The OPPERA study extensively
phenotyped individuals based on an array of biopsychosocial risk factors in
individuals with and without TMDs (see Chapter 3). The outcome of this
phenotyping was the identification of clusters across which symptoms and
factors could be compared. Of the three clusters identified—adaptive, pain-
sensitive, and global symptoms clusters—individuals in the global symptoms
cluster presented with more psychological distress and greater pain sensitiv-
ity than the other two clusters. These findings point to the likely presence
of multimodal predictors and a range of environmental, physiological, and
psychological variables that each contribute to TMDs (Bair et al., 2016).
The use of phenotypes that take into account biopsychosocial factors in
a clinical care setting could add significant value to the care of patients
with TMDs by targeting treatment and predicting outcomes based on the
presenting phenotype of the patient; however, more research is required. It
should be noted that temporomandibular pain can occur for multiple rea-
sons, including nerve injury and joint conditions such as osteoarthritis, or
be non-specific, and thus there may be different underlying mechanisms and
combinations of mechanisms for each TMD and across individuals.

APPLICATION OF DATA SCIENCE METHODOLOGIES
AND NOVEL TECHNOLOGIES TO TMD RESEARCH

The data science methodologies of machine learning, informatics, and
artificial intelligence are increasingly used to unravel complex problems
related to etiology, risk, prognosis, and treatment effectiveness. In pain
research these methods have been used by researchers to better detect previ-
ously unseen patterns in data and to identify subgroups within the data that
could inform future research and clinical care (Lotsch and Ultsch, 2018).
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The value of these approaches is the ability to identify new clinically relevant
and mechanistically based phenotypes within datasets that could indicate or
predict response to treatment. Machine learning methods can also be used to
identify previously unknown biopsychosocial parameters of complex condi-
tions (Lotsch and Ultsch, 2018) such as TMDs and chronic pain. However,
these methods require access to large-scale, high-quality datasets, which are
lacking for TMDs (Lotsch and Ultsch, 2018). Useful data could be collected
in several ways, including the addition of TMD-related questions to national
surveys, the mining of insurance databases and electronic health records and
International Classification of Diseases codes, and the creation of national
or regional patient registries. The value of these approaches wholly relies on
high-quality data inputs, and the research and clinical ecosystems need to
be able to manage this. TMD research requires the adoption of these new
technologies and approaches, like advanced data analysis, machine learning,
artificial intelligence, clustering methods, expression quantitative trait loci
(eQTL) analyses, polygenic approaches, and pathway analyses to unravel
the complexities of this group of disorders, identify patient subgroups, and
develop safe and effective treatments.

TMD RESEARCH FUNDING

Current Funding for TMD Basic Research and Translation

The National Institutes of Health (NIH) provides only about one-third
of biomedical research funding in the United States (IOM, 2011), and its
impact has a ripple effect that stimulates research interests and training
programs across the nation. TMDs are not the primary mission of any
NIH institute; however, funding for these disorders primarily falls within
the National Institute of Dental and Craniofacial Research (NIDCR). In
fiscal year (FY) 2018, NIH awarded approximately $13.7 million for TMD
research. Of that amount, approximately $12 million came from NIDCR
(NIH, 2019a). The other five institutes (National Institute of General
Medical Sciences; National Institute of Neurological Disorders and Stroke;
National Institute of Nursing Research; National Heart, Lung, and Blood
Institute; and National Institute on Deafness and Other Communication
Disorders) contributed remaining funding for TMDs in FY 2018 (NIH,
2019a). While funding estimates for FY 2019 and FY 2020 across NTH
indicate a slight upward trend when compared to levels of funding for 2017
and 2018 (see Figure 4-1), recent discussions have highlighted challenges
that need to be addressed to move the field forward (MDEpiNet TM]
Patient-Led RoundTable, 2018a,b).

In 2018, NIH’s TMD-targeted funding focused on topics such as cel-
lular and mechanical mechanisms, genetics, emotion dysregulation, and
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NIH Funding for TMD Research (2015-20)
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FIGURE 4-1 NIH funding for TMD research, FY 2015-2020 (estimated).
SOURCE: NIH, 2019a.

modulation of the p-opioid mechanism. While a few projects studied multi-
ple areas of TMD concurrently, most were narrowly focused (NIH, 2019a).
The bulk of TMD research funding from NIH is for basic research, with
clinical and translational research making up a smaller portion. Of the 40
studies identified under the “TMJD” spending category, 4 were listed as
K99 grants (see Box 4-10 on funding mechanisms for research); however,
other funding specifically related to training was not identified. The major-
ity of NIH-awarded projects for TMD research in FY 2018 went to dental
schools (approximately 40 percent), followed by medical schools (approxi-
mately 27.5 percent). However, the actual dollar amount for research was
slightly higher for medical schools (NIH, 2019a) (see Figure 4-2). Regard-
ing collaboration among institutions, Allen Cowley highlighted the need for
increased collaboration specifically among dental and medical schools in the
area of basic research and setting forth a purposefully integrated approach
to research for TMDs (Cowley, 2019).

Increased funding for TMDs from across the NIH institutes and other
biomedical organizations is essential to address the existing research gaps
and to develop safe and effective treatments in the future. Additionally,
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BOX 4-10
Types of NIH Training and Research Grants Applicable to
Research on Temporomandibular Disorders (TMDs)

Research Grants (R) — This mechanism is used to support health research related
to the mission of the National Institutes of Health (NIH) and can be investigator
initiated or solicited via a request for applications. One of the most common and
oldest grant awards is the RO1 (NIH Research Project Grant Program). Other com-
mon types include RO3 (NIH Small Grant Program, e.g., pilot/feasibility studies);
R15 (NIH Academic Research Enhancement Award, e.g., supporting projects
at institutions not typically able to participate in NIH programs); and R21 (NIH
Exploratory/Developmental Research Grant Award, i.e., support for early stages of
project development). R41/42 (Small Business Technology Transfer) and R43/44
(Small Business Innovation Research) awards provide opportunities for for-profit
institutions to research and develop innovative technologies with the potential for
commercialization.

Research Career Development Grants (K) — This mechanism is used to support
individual and institutional research training opportunities at various career levels.
Common awards include KO1 (Mentored Research Scientist Career Development
Award) and K99/R00 (Pathway to Independence Award, i.e., support for an initial
mentored research opportunity followed by independent research).

Research Training and Fellowships (T and F Series) — These mechanisms
are used to support individual research training opportunities at various career
levels. Types of subawards include T32 (Institutional National Research Service
Award, used for recruiting predoctoral and/or postdoctoral research trainees); F33
(National Research Service Awards for Senior Fellows, used to provide scientists
with the opportunity to broaden scientific background and/or gain experience in
an allied research field); and T90 (Interdisciplinary Research Training Award).

Program Project Grants/Center Grants (P) — This mechanism supports multi-
disciplinary, multi-project research opportunities. Common awards include PO1
(Research Program Project Grants, in which multiple projects contribute to the
larger program goal); P30 (Center Core Grants, which support shared resources/
facilities for investigators from multiple disciplines around a common goal); and
P50 (Specialized Center, used to support a multidisciplinary approach to a full
range of research and development related to issues of particular need among
various institutes/divisions).

SOURCE: NIH, 2019b.
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beyond the direct increase in funding earmarked for the exclusive study
of TMDs, the incorporation of aspects of TMD research into the work
of other NIH efforts—such as the NIH Pain Consortium—and institutes
beyond NIDCR could also help to provide valuable insights into these
disorders.

MOVING THE RESEARCH ENTERPRISE FORWARD

Clinicians cannot provide and patients cannot access safe and effective
clinical treatment and care without a strong base of scientific evidence—
from the basic sciences to implementation research. Despite the work ac-
complished in the past few decades, there remain significant research gaps
and systematic challenges related to translation across the basic, clinical,
and epidemiological sciences that are hindering the development of safe and
effective treatments for individuals with TMDs and that indicate the need
for greater research coordination and translation. Major areas of need, as
identified in the State of the Science section above, include the biopsycho-
social mechanisms underpinning acute and chronic orofacial pain and tissue
dysfunction; the use of new methods and tools, including the application
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of molecular and cellular approaches to understand TMD genetics and
biomarkers associated with TMD diagnosis, prognosis, treatment outcome,
and resilience; and a greater understanding of the tissues of the TM] joint,
its function, and the relationship between function and pain. Additionally,
the committee noted the need for sophisticated and consistent outcome
measures for assessment of TMD pain and function from preclinical models
through to clinical research. It is critically important that pain measures be
incorporated into translational models of TMJ degenerative diseases, but
such incorporation is currently lacking.

The committee’s overview of the recent literature on TMDs revealed
that a concerted effort to develop a more comprehensive foundation of
clinically meaningful evidence around the pathophysiologies of TMDs will
require a commitment to both the funding and the implementation of multi-
disciplinary research and to the purposeful transfer of knowledge across the
research enterprise. Effectively addressing priority research areas will re-
quire a coordinated effort by a diverse group of stakeholders to develop and
implement a patient-focused research agenda, cultivate a multidisciplinary
research culture, and align system incentives to ensure that novel research
findings are transferred from one stage of the research enterprise to the
next. Similar efforts to define research priorities for complex disorders, such
as the Federal Pain Research Strategy, have also sought to achieve these
aims by providing an actionable research framework to guide and prioritize
patient-focused research across the research enterprise. A description of
the role of the proposed research consortium (see Recommendations 1 and
2 in Chapter 8) and the example research framework for TMD research,
which unifies research priorities within patient-centered needs, can be found
below.

Conclusion 4-1: The siloed approach to research on temporo-
mandibular disorders (TMDs) has detrimental effects on transla-
tion across the research enterprise and limits access to the financial,
educational, and intellectual resources needed to cultivate a robust
research base. Addressing these challenges will require a multi-
stakeholder collaboration to define patient-focused research pri-
orities and implement systemic change to the conduct of TMD
research to improve data quality and comparability, incentivize and
support novel and collaborative research, and integrate evidence
into clinical care and policy.

Elucidation of Biopsychosocial Mechanisms

The value of identifying and prescribing clinical meaning to biological
mechanisms and pathways and understanding how these interact with other
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biological, psychological, and environmental factors in relation to TMDs
cannot be overstated. However, the value of understanding these mechanistic
underpinnings goes beyond the benefit of the scientific knowledge itself; given
access to the right tools and data, such an understanding could point to
clinically meaningful and mechanistically based subgroups of individuals and
inform targeted treatments. At the present time, the current state of our col-
lective understanding of these mechanisms as they relate to subtypes of TMDs
is insufficient to provide clinical value. Considerable time and resources have
been invested in defining potential mechanisms; however, more research needs
to be conducted to confirm the role of these mechanisms across other patient
groups and within other TMDs. This includes determining the biopsycho-
social mechanisms of resilience to both orofacial pain and tissue dysfunc-
tion. Additionally, because preclinical animal models demonstrate that such
mechanisms may prove to be meaningful clinical targets, additional studies
in the translational and clinical research should be carried out to capitalize
on the potential for diagnostic, prognostic, or therapeutic value.

Conclusion 4-2: Elucidating the biopsychosocial mechanisms be-
hind the generation, maintenance, and suppression of temporo-
mandibular disorder (TMD)-related pain and dysfunction will be
essential to understanding the complex pathophysiologies within
TMDs, identifying clinically meaningful and mechanistically valid
patient subgroups, and developing safe, effective, and personalized
therapeutics and treatments. Doing so will require expanding cur-
rent approaches and the use of innovative research methods and
tools.

Application of Novel Methods and Tools

The study of TMDs would significantly benefit from the development
of novel tools and approaches to understand all aspects of TMDs and from
the application of concepts, methods, and tools already being applied in
other fields. There exists a multitude of areas where the use of new tools
or approaches could provide value. The advancement of our understanding
of TMDs would be enhanced by the incorporation of newer molecular and
cellular approaches targeting RNA, DNA, and the epigenome, metabolome,
and proteome as well as cell-specific activation and silencing techniques.
These approaches should be applied to the study of TMDs using relevant
animal models and should translate to carefully phenotyped human sub-
jects using tissue and blood samples as appropriate. A better understanding
of the mechanisms that lead to development of acute and chronic pain,
of the peripheral and CNS responses to nociceptive input, and of long-
term changes will be critical. Sophisticated gene-editing techniques (e.g.,
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CRISPR/Cas9), viral vector cell-specific manipulation techniques (e.g., len-
tivirus with cell-specific promotors), and cell manipulation techniques (e.g.,
optogenetics and designer receptors exclusively activated by designer drugs)
will allow for a more detailed analysis of multiple systems and their role in
the generation and maintenance of TMD and other pain conditions.

Because TMDs, when chronic, often present with comorbidities and
multi-system components, a focus on targets outside the TMD regions
or a systemic focus could provide novel mechanistic insights. The use
of non-targeted approaches examining and comparing local tissue with
more systemic biomarkers using a variety of approaches in human subjects
and animals is recommended. These approaches could include genomics,
epigenomics, proteomics, transcriptomics, lipidomics, and immune profiles.
Potential predictors and resilience markers should be identified in human
subjects and subsequently validated as therapeutic targets in animal models.
Translational studies bridging mechanisms between animal and human
TMD pain mechanisms will be critical to moving the field forward by iden-
tifying clinically meaningful and mechanistically based patient subgroups
and developing new therapeutic approaches.

Research on TMJ Development, Biomechanical
Function, and Relationship with Pain

To advance the understanding of TM] function in health and disease,
contemporary, multidisciplinary research focused on the biology of TM]
tissues, the interactions of these tissues, the innervation of the musculo-
skeletal component and vascularization of the joint, and the normal devel-
opmental processes and disease progression will be key research areas for
expansion. Additionally, while bone/cartilage/ligament turnover and repair
have been studied to some extent, a better understanding of the TM]J
repair processes will be needed to integrate mechanical cues and pathologi-
cal loading of the joint into bone/cartilage/ligament remodeling activities.
Valuable information from these explorations and from the development
and use of new in vitro and in vivo models could then inform the design
and testing of new scaffolds and materials for regenerative medicine ap-
proaches. Most critically and where possible, the focus of these multiple
areas of research should be on the translation from small-animal models to
large-animal models and ultimately to humans.

A NATIONAL COLLABORATIVE RESEARCH
CONSORTIUM AND FRAMEWORK FOR ACTION

Any research study of complex disorders, such as TMDs, must be
considered from the perspective of the full biopsychosocial framework.
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Consequently, studying TMDs from only a singular research perspective has
been insufficient to fully understand the etiology of TMDs and how these
disorders affect patients’ lives (MDEpiNet TMD Patient-Led RoundTable,
2018b; Cowley, 2019). The available body of recent laboratory research
overviewed in this chapter related to TMDs and orofacial pain illustrates
this issue, with many studies focusing on only one aspect of a TMD or
conducting highly discipline-specific research. For example, dentists may
study TMDs as a jaw issue, psychologists may exclusively consider the
mental health comorbidities of TMDs, and medical researchers may study
the mechanics of pain modulation, all of them without considering the
larger biopsychosocial considerations of TMDs. This is not to say that
these individual studies are not valuable—each plays a role in growing the
scientific evidence base related to TMDs—but each alone has proven to be
insufficient for developing a full understanding of TMD pathophysiologies.
The 2011 Institute of Medicine (IOM) report Relieving Pain in America
acknowledged the need for collaborative research in the field of pain and
concluded that “research is needed to document and assess this full spec-
trum” of associated problems with acute and chronic pain and that this
type of integrated, collaborative research would “enable the development of
interventions that would address all aspects of the pain condition” (IOM,
2011, p. 228). In his remarks to the committee, Allen Cowley echoed the
need for this approach for research on TMDs and emphasized the paltry
research collaborations, particularly in the basic sciences, between dental
and medical school researchers, adding that efforts to stimulate such an
integrated approach to research on TMDs are lacking. He went on to say
that basic research in dental schools would greatly benefit from collabo-
rations with medical school faculty, schools of bioengineering, pharmacy
schools, and other related schools (Cowley, 2019).

The 2011 IOM report also noted that research more broadly will in-
creasingly require bioinformatics to aid in the analysis and interpretation
of large datasets and that the field requires more scientists from diverse
backgrounds (IOM, 2011). This underlines the point that a successful trans-
disciplinary research agenda would require the cultivation and engagement
of both young and established researchers from across dental, medical, bio-
engineering, neurology, physical therapy, nursing, and psychology who have
skills in a broad array of research and data techniques. This will in turn
require a lasting financial commitment to research training and funding for
research. Several existing funding structures within NIH are well positioned
to do this, but funds are not currently earmarked for research on TMDs.
(See Box 4-10 for examples of applicable training and research grants for
developing a research workforce.)

Additionally, given the significant areas of research overlap between
TMDs and other conditions, the TMD research enterprise is well positioned
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to align itself within complementary research agendas and initiatives, such
as the National Pain Strategy, to access both scientific and clinical knowl-
edge and funding. Funding research on pain is one major area in which NIH
can, without significant additional financial cost, expand the evidence base
for TMDs by facilitating the transfer of potentially relevant findings from
the pain field to researchers engaged in existing TMD research and allowing
greater opportunities for researchers involved in pain research to conduct
novel research on TMDs. To illustrate this point, in FY 2018 NIH reported
funding approximately $605 million within the category of “pain research”
and $474 million within the category of “chronic pain” (NIH, 2019a)—as
compared to just more than $14 million for TMDs. TMD patients deal
with both acute and chronic pain, and the research in this area may benefit
patients, even when it is not specifically focused on TMDs (Cowley, 2019).

Conclusion 4-3: Research on temporomandibular disorders
(TMDs) would benefit from alignment with an established research
agenda with continuity of oversight, financial support, and a col-
laborative institutional structure that can guide a research agenda
and support the integration into clinical practice. A TMD Research
Consortium would be well positioned to convene stakeholders and
launch a TMD research framework.

Conclusion 4-4: The level and appropriation of funding for research
on temporomandibular disorders does not reflect the complexities of
these disorders, their prevalence and impact, or the need for trans-
disciplinary research with a focus on clinical care impacts.

Role of a TMD Research Consortium and Example
Research Framework for TMDs

A unified, transdisciplinary research framework for TMDs developed
and implemented by a national collaborative research consortium (see
Figure 4-3) could address these barriers by embedding a commitment to
and the tools needed for the translation of research across disciplines and
the research enterprise into the fabric of the framework and drive the
development of a research program designed to address patient needs (see
Box 4-11). There have already been calls for the implementation of a com-
prehensive research agenda that addresses the needs of TMD research. The
TM] Patient-Led RoundTable, a public—private partnership within the Food
and Drug Administration composed of a variety of stakeholders, has taken
the first steps in formalizing a proposed interagency research plan and has
called repeatedly for a transformation of TMD research (MDEpiNet TMD
Patient-Led RoundTable, 2018a).
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National Collaborative Research Consortium for TMD

Health

Professionals

Public and
Private Insurers

NIH Institutes

and Researchers

Individuals
witha TMD

Medical,
Dental, and
Other Health
Professional
Associations

Public Health
Agencies

Consortium Goals

e Coordinate, fund, and translate basic and
clinical research.

o Address gaps in evidence.
e Generate clinically meaningful knowledge.
e |dentify safe and effective treatments.

e |mprove the quality of TMD care.

FIGURE 4-3 Example TMD research consortium stakeholders and goals.
NOTE: NIH = National Institutes of Health; TMD = temporomandibular disorder.
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BOX 4-11
Potential Short- and Long-Term Benefits of a Transdisciplinary,
Patient-Focused Research Framework for
Temporomandibular Disorders (TMDs)

—_

Intrinsic focus on patient needs and outcomes.

2. Expanded stakeholder buy-in to a long-term research agenda with clear
patient-focused goals.

3. Increased access to funding through the alignment of research priorities across
TMDs and orofacial pain research and larger clinical research initiatives.

4. Increased collaboration between dental and medical research (including other
clinical specialties such as nursing, physical therapy, integrative health, etc.)
prioritizes the transfer of knowledge between bench and bedside.

5. Compatibility with a future learning health system that spans dental and

medical care.

Using the work of the NIH Pain Consortium and the TM] Patient-Led
RoundTable as a foundation, the committee developed an example research
framework for TMDs to illustrate the broad range of interrelated research
priorities that need to be addressed by the research consortium across the
research-to-clinical-care continuum and to illustrate that the potential re-
search overlaps with more broadly funded health concerns such as chronic
pain and to emphasize the importance of keeping patient needs central
to the process of research. The committee acknowledges that any future
research frameworks for TMDs should be developed in collaboration with
all essential stakeholders prior to implementation to ensure that the priori-
ties and goals are supported by those stakeholder groups. Additionally, key
stakeholder involvement will be needed to establish a realistic timeline, to
secure the necessary buy-in as well as formal and informal agreements,
to develop incentives, and to confirm that milestones are achievable and
relevant.

In developing this example research framework for TMDs (see
Box 4-12), the committee identified five broad goals related to access to
safe and effective evidence-based treatment and care of those with TMDs.
With these patient-focused clinical goals as a guide, the committee identi-
fied the essential research priorities—both short and long term—that must
be addressed. This example research framework spans the content covered
by the report and touches many of the research priorities and conclusions
highlighted in the report’s chapters.
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BOX 4-12
Example Framework for Patient-Centered Research on
Temporomandibular Disorders (TMDs) and Orofacial Pain

Goal 1: Safe and effective pharmacological and non-pharmacological treat-
ments and therapies for TMDs.

Research Priority 1-1: Discovery and investigation of novel biological, bio-
mechanical, and psychosocial targets and mechanisms relevant for the prevention
and treatment of patients with TMD-related pain and tissue dysfunction.

Research Priority 1-2: Translation of biological, biomechanical, and psychosocial
targets and mechanisms, through the identification and use of mechanistically
based and clinically meaningful subgroups of individuals with TMDs, into novel
treatment approaches.

Research Priority 1-3: Identification and testing of regenerative medicine
approaches and techniques.

Research Priority 1-4: Exploration of patient outcomes in response to various
pharmacological and non-pharmacological treatments and treatment combinations.

Research Priority 1-5: Development of safe and effective devices and implants.

Goal 2: Standard use of evidence-based patient screening tools, diagnos-
tics, prognostics, and patient-centered outcome measures for TMDs.

Research Priority 2-1: Discovery and evaluation of biomarkers and clinical end-
points to guide the prevention, diagnosis, prognosis, and treatment of individuals
with TMDs and secure their health outcomes.

Research Priority 2-2: Identification, assessment, and standardization of out-
come measures and treatment effects.

Research Priority 2-3: Development of sensitive and specific screening and
diagnostic tools that employ biopsychosocial patient measures.

Research Priority 2-4: Development, evaluation, and validation of specific diag-
nostic criteria for each individual TMD and of screening tools for defining the
mechanistic basis of an individual’s condition.

Goal 3: Development of a national TMD patient registry.

Research Priority 3-1: Establishment of longitudinal and pragmatic studies to
explore the real-world heterogeneity of TMD pathophysiologies and biopsycho-

social factors.

continued

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25652

Temporomandibular Disorders: Priorities for Research and Care

180 TEMPOROMANDIBULAR DISORDERS

BOX 4-12 Continued

Research Priority 3-2: Exploration of biopsychosocial similarities and differences
across patients and TMDs, including responsiveness to treatment, presence of
comorbid conditions, resilience or progression factors, and long-term health out-
comes with and without treatment.

Research Priority 3-3: Strengthen population-level aggregate data through the
development of standardized case definitions and data collection and evaluation
methodologies.

Research Priority 3-4: Expand access to novel data sources.

Goal 4: Implementation and evaluation of clinical care standards, pathways,
and models for TMD care.

Research Priority 4-1: Develop, evaluate, and systematically improve health
care delivery models, care pathways, and treatment options.

Research Priority 4-2: Assess and compare the costs, benefits, and risks associ-
ated with TMD treatments and care pathways as well as the personal and societal
impacts on economic productivity and quality of life.

Research Priority 4-3: Explore and assess best practices for the translation and
dissemination of research findings and data to clinical practitioners.

Research Priority 4-4: Evaluate the impact of policy changes and the use of
evidence-based tools on treatment and care practices.

Goal 5: Integrate primary, secondary, and tertiary prevention strategies into
TMD patient care.

Research Priority 5-1: Investigate the biological, biomechanical, and psycho-
social mechanisms of risk and resilience underlying acute and chronic orofacial
pain across patient subgroups and at an individual level.

Research Priority 5-2: Develop clinician and patient tools and resources for
predicting, preventing, and controlling the initial onset of orofacial pain, transition
to chronicity, and chronicity.

Research Priority 5-3: Explore and evaluate best practices for disseminating
information and training of clinicians across all disciplines about orofacial pain
and prevention and care strategies.

Research Priority 5-4: Assess best practices for the deployment of patient-
focused tools.
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CONCLUSIONS

Conclusion 4-1: The siloed approach to research on temporo-
mandibular disorders (TMDs) has detrimental effects on transla-
tion across the research enterprise and limits access to the financial,
educational, and intellectual resources needed to cultivate a robust
research base. Addressing these challenges will require a multi-
stakeholder collaboration to define patient-focused research pri-
orities and implement systemic change to the conduct of TMD
research to improve data quality and comparability, incentivize and
support novel and collaborative research, and integrate evidence
into clinical care and policy.

Conclusion 4-2: Elucidating the biopsychosocial mechanisms be-
hind the generation, maintenance, and suppression of temporo-
mandibular disorder (TMD)-related pain and dysfunction will be
essential to understanding the complex pathophysiologies within
TMDs, identifying clinically meaningful and mechanistically valid
patient subgroups, and developing safe, effective, and personalized
therapeutics and treatments. Doing so will require expanding cur-
rent approaches and the use of innovative research methods and
tools.

Conclusion 4-3: Research on temporomandibular disorders
(TMDs) would benefit from alignment with an established research
agenda with continuity of oversight, financial support, and a col-
laborative institutional structure that can guide a research agenda
and support the integration into clinical practice. A TMD Research
Consortium would be well positioned to convene stakeholders and
launch a TMD research framework.

Conclusion 4-4: The level and appropriation of funding for re-
search on temporomandibular disorders does not reflect the com-
plexities of these disorders, their prevalence and impact, or the
need for transdisciplinary research with a focus on clinical care
impacts.
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Caring for Individuals with a TMD

Many patients here and around the world are lost, forgotten, and suffer-
ing. I cannot imagine that all of us here don’t share the hope that someday
the approach to TMDs will be drastically different from what we have
experienced, and continue to experience today.

—DMiichelle and Alexandra

Paired with the guilt we experience from doing “bad” things (talking too
much, eating a sandwich), seeking out treatments that may belp or may
very well do harm, and from the stress we create that exacerbates our
symptoms—this makes it particularly hard to be a TM] sufferer.
—Sophia S.

Historically, the care of some individuals with temporomandibular
disorders (TMDs), especially those with chronic and painful TMDs, has
been fraught with challenges and complications. The committee identified
several stumbling blocks in the evolution of effective care for individuals
with a TMD, including the rise of multiple competing theories among
different groups regarding what causes TMDs and how best to treat indi-
viduals with TMDs; minimal high-quality evidence about which treatments
are appropriate for which patients; patient abandonment by clinicians who
have exhausted their treatment capabilities; and a clouding of the role of
surgery in care of patients with TMDs by harmful devices such as Proplast/
Teflon- or silastic-based TM] implants in the 1970s and 1980s.
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This chapter discusses these challenges and describes the current state
of prevention, detection, assessment, diagnosis, and treatment of TMDs.
The final section of the chapter explores approaches for improving the evi-
dence base for TMD treatments and patient care: conducting clinical trials,
building a TMD patient registry, and developing clinical practice guidelines.
Chapter 6 addresses other challenges to the caring for individuals with a
TMD, including provider education, the medical-dental divide, the lack of
access to specialty care, and payment and coverage issues.

FIRST, DO NO HARM

The multiple types of TMDs (see Chapter 2) and the extensive co-
morbidities often seen in patients with TMDs have posed a challenge
to clinicians for decades. Correct diagnosis is the first barrier, and it is
complicated further by confusing terminology and a lack of clarity about
the causes and development of the disorders (see Chapter 2). As discussed
in this chapter, management strategies are equally unclear, with limited
or poor-quality data to support treatment decisions and siloed practices
that limit the interactions of dental and medical health care professionals.
Despite the best intentions of many of these professionals to improve the
lives of individuals with a TMD and the positive treatment outcomes that
many individuals with TMDs have achieved, significant challenges have
led to inappropriate treatment and life-altering harm for some individuals.

Historically, patients suffering from a TMD have turned to dental
and medical professionals for help, often to find little expertise available.
Some are given non-evidence-based interventions, which can lead to a
worsening of the disorder and unintended harm. One important histori-
cal example of a treatment approach that resulted in significant harm to
patients involved the use of Proplast/Teflon-based implants in the temporo-
mandibular joint (TM]J) in the 1970s and 1980s. These early TM]J im-
plants reached the market through a streamlined regulatory pathway that
required only demonstration of substantial equivalence to a device already
on the market. Many patients who received Proplast/Teflon-based TM]
implants experienced serious adverse health events before the Food and
Drug Administration (FDA) recalled these devices in 1990 (Ferreira et al.,
2008). Because these ineffective and harmful implants have been removed
from the marketplace, improved prosthetics have been developed. (See sec-
tion below on implants.)

In addition to learning about this history of implants, the committee
heard from many individuals with a TMD who have experienced a seem-
ingly endless stream of interventions, continual frustration, and provider
abandonment. Ineffective treatment often leads the patient to consult an
increasingly diverse range of providers, and frustration and a sense of “not
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being heard” can occur. This can be particularly true if a person’s original
pain worsened or a new TM]J-related pain emerged as a result of treatment.
Patients with chronic orofacial pain have said that it is important for health
care professionals to be empathetic even when no effective treatments can
be offered (Breckons et al., 2017). Some patients with a TMD grapple
with resulting facial deformities, concerns about the long-term impact of
implantable materials on physical health, and nutritional deficits. Persons
with a TMD may face stigma for multiple reasons, including chronic pain,
problems with chewing or speech, and alterations in their expressive facial
features (see Chapter 7). Because pain is invisible, some stigma stems from
a feeling of not being believed; some individuals describe being regarded
as a malingerer by family, friends, or health care professionals. Given
societal views regarding the importance of facial presentation, there is the
additional potential toll of damaged self-concept, loss of self-esteem, and
possibly shame due to changes in appearance.

Thanks to a combination of factors—patient advocacy groups such as
The TM] Association bringing concerns regarding harmful treatment to the
forefront, the appearance of rigorous outcomes evaluation, honest results
reporting by leaders in the TMD research community, and improvements in
the basic science understanding of TMD—the field of TMD care has slowly
become more evidence based; however, variations in care practices still
exist. The recognition that some TMDs are systemic pain conditions with
local manifestations around the TM], rather than a primarily orthopedic
condition, has resulted in a shift away from surgery as a first-line treat-
ment for most patients. As with the similar evolution of the management
of low back pain (Deyo et al., 2014), surgery remains a critical component
of TMD care for properly selected patients, but it is the primary treatment
for few. Improvements in the understanding of joint physiology and in the
diagnosis of TMD have supported these changes, bringing emphasis to
holistic, patient-centered treatment and the avoidance of multiple and non-
indicated invasive procedures.

When assessing the impact of disease management on the lives of
patients, it is important to remember that harm can be caused either directly
or indirectly. In the assessment of literature pertaining to treatments for
individuals with TMDs, rarely can a small research study prove direct
harm; rather, the outcome measure typically relates to treatment effective-
ness. Proving direct harm from an intervention usually requires very large
and well-designed studies—a rarity in the world of TMDs. Many treatment
studies of TMDs have been generally poor with regard to adverse event col-
lection methods and reporting (Gewandeter et al., 2015). Moreover, indirect
harm can also be caused by ineffective treatments. Most notably, the pursuit
of ineffective treatment delays the receipt of optimal management. This
delay can create disability, as preventing the exacerbation of symptoms and
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dysfunction is lost. Furthermore, providing ineffective treatments can instill
false hope in suffering individuals and their families as well as increase the
costs of health care. It is through this lens that the committee examines
management options for patients with TMDs in this chapter.

Chapter 6 discusses improvements needed in the health care manage-
ment of individuals with TMDs including the proposal of centers of excel-
lence for TMD care. The establishment of professional societies, such as
the American Academy of Orofacial Pain, has helped to advance greater
understanding and adoption of the role of scientific evidence in making
clinical decisions by dentists and physical therapists who treat TMDs. Yet,
many challenges remain in the optimization of TMD care. Among them is
the minimal amount of high-quality data to guide clinical decision mak-
ing, particularly regarding what treatment approaches are best for each
specific type of TMD. This leaves well-meaning providers without reliable
treatment strategies. When dentists and physicians feel handicapped by this
lack of clarity, they must always fall back on their core principle of prinum
non nocere, “first, do no harm.” Cautious and collaborative management
is the rule.

PREVENTION AND EARLY DETECTION

The cornerstone of the progressive management of disease is preven-
tion. Some individuals with a TMD report a history of non-painful TM]
mechanical dysfunction and joint noise, often in their teenage years. While
many patients who describe these findings will not progress to painful
TMD, some individuals will experience a significant escalation of the pain
and disability with no obvious external impetus or event. The committee
received reports from individuals with a TMD who experienced a physi-
cal trauma to the TM] area or face, a prolonged or unanticipated dental
procedure that sparked their TMD pain, or no particular event that led
to their TMD. Primary prevention strategies are handicapped by the lack
of research aimed at more fully understanding the role of various physi-
cal traumas or prolonged dental experiences in leading to chronic, painful
TMDs in some individuals.

With so little known about the causes and development of TMDs, pri-
mary prevention strategies have focused mainly on behaviors such as eating
soft food and avoiding items like apples or large sandwiches that require
excessive jaw opening. Although commonly suggested as a potential cause,
no studies have implicated routine orthodontic treatment in the develop-
ment of a TMD. Major head trauma may not be preventable, but it may
be reduced by traffic safety and substance abuse laws. Minor jaw trauma
has also been proposed as an etiologic mechanism of TMDs, and it may be
avoidable via educational strategies. Examples of such minor trauma are
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a traumatic intubation during an operation, excessively long restorative
dental treatment requiring sustained wide mouth opening, poorly designed
intraoral splint therapies, and similar interventions. While no data have
confirmed that any symptoms from these minor traumatic events signify
that these events have an etiological role in the development of TMDs,
educating providers about these possible risks and about strategies to avoid
such trauma when possible may be beneficial. For instance, dentists can
offer a simple bite prop during longer dental treatments that require wide
mouth opening.

Another prevention strategy is early recognition and management of
the biological and psychosocial contributors to TMDs, including comorbid
medical conditions such as juvenile idiopathic arthritis and other rheuma-
tologic diseases. While juvenile idiopathic arthritis can affect any synovial
joint, the TM]J can be disproportionally involved. Across all subtypes of
juvenile idiopathic arthritis, the rate of TM]J involvement ranges from 39
to 75 percent (Resnick et al., 2016). In a study of adult patients with a
history of childhood juvenile idiopathic arthritis, 62 percent reported TM]J
pain, 43 percent had functional limitation of the jaw, and 76 percent had
lower facial asymmetry (Resnick et al., 2017). Recent work on increased
recognition and early diagnosis of TM] involvement (Resnick et al., 2016)
has led to more aggressive treatment with medications that target the
inflammation caused by the condition, which may decrease the incidence of
future TMDs in this population. A similar push toward the early diagnosis
and management of other factors that cause or contribute to TMDs may
decrease future morbidity.

The early treatment of malocclusion through orthodontic treatments
was previously considered a viable preventive treatment for TMDs. How-
ever, the evidence was clear decades ago that orthodontic repositioning of
teeth does not prevent the onset of a TMD (McNamara, 1997). Neverthe-
less, some dentists have the outdated belief that orthodontic treatment will
prevent TMDs.

Prevention must not stop at the onset of a TMD. While data are start-
ing to emerge from observational studies regarding the premorbid risk fac-
tors for TMDs (Ohrbach et al., 2020), there is little evidence concerning
the early recognition and prevention of TMDs, so much of the prevention
effort must take place after diagnosis. In a patient who has already devel-
oped the symptoms of a TMD, the prevention strategy becomes aimed at
avoiding the progression of the disorder from a localized issue of the TM]
to a systemic pain condition that also affects regions of the body outside of
the face. This secondary prevention approach requires close collaboration
between the individual and his or her health care professional to avoid over-
treatment, iatrogenic harm, or an aggravation of a TMD and to identify
self-care or other interventions that may decrease the negative impact of the
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disorder on that individual. Finally, in those patients who have developed
TMDs along with widespread or multiple-site pain, a tertiary prevention
strategy aims to minimize escalation to high-impact pain, which causes dis-
ability that limits work productivity and the ability to enjoy life.

ASSESSMENT AND DIAGNOSIS OF TMDs

Following the publication of the Diagnostic Criteria for Temporo-
mandibular Disorders (DC/TMD) (see Chapter 2), a central concern was
whether the DC/TMD in its present form is appropriate for clinical use.
One question common to various critiques is: When is a diagnostic system
“good enough” to rely on for clinical diagnosis? Part of the answer revolves
around the further question: What is the alternative? Clinical dentists have
reported, across many countries and health care systems, not using the
DC/TMD because they deem it to be too complicated or incapable of diag-
nosing all TMDs. As noted in Chapter 2, there are more than 30 specific
TMDs. Furthermore, some of these TMDs will occur simultaneously in the
same patient. At present there is no empirical evidence indicating which
treatments are most effective for a given DC/TMD classification.

A limitation common to all classification systems is that biology and
pathology are continuously variable, while classification systems, in order
to enhance their reliability and validity, construct disorders with fixed
boundaries. Individuals will have disorders that fall outside the classifi-
cation boundaries. For pain disorders, there may be notable variability
around an identified phenotype, which may require particularly diffuse
boundaries for a given diagnosis. Users of the diagnostic test need to have
excellent decision-making skills as well as tools that can aid in those deci-
sions. Challenges to using a diagnostic system such as the DC/TMD in
clinical care include:

* The need for clinicians to have diagnostic tests that are simple and
fast;

* Current reimbursement schedules for dentists that are focused on
oral examination;

* Substantial clinical time required for a comprehensive history and
adequate physical examination;

e Limitations in training on TMDs;

* The difficulties that clinicians face in having the time to consider the
clinical implications of reliability and validity, the probabilistic basis
underlying sensitivity and specificity, and the base rate influence on
predictive values, with regard to whether a diagnostic test is useful;
and

* The current lack of formal decision rules to assist clinicians.
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No system can substitute for the provider’s critical decision-making
skills, but decision making is greatly enhanced when reliable and valid
procedures are used and when decision-making tools are built for practical
use in clinical situations (Kassirer and Kopelman, 1991). Implementation
research is needed, as discussed in Chapter 4, to assist clinicians in assessing
complex disorders such as TMDs.

A clinical assessment for TMDs should include talking with the patient
to hear the history of the symptoms and problems, an examination, spe-
cial tests such as imaging when indicated, and psychosocial assessment
(Schiffman et al., 2014). A pain history is recommended as a necessary
part of the DC/TMD (Schiffman et al., 2014). This requires knowledge of
differential diagnoses and of pain characteristics (Blau, 1982). An adequate
pain history provides the necessary level of detail within each of the follow-
ing attributes: timing (onset, duration, periodicity); location and radiation;
quality and severity; relieving and aggravating factors (e.g., the effect of
hot or sweet foods, prolonged chewing, eating, brushing of teeth, touching
the face, weather, physical activity, posture, stress, and fatigue); associated
factors (e.g., taste, salivary flow, clenching, bruxing habits, locking or click-
ing of jaw joint, altered sensation, and nasal, eye, or ear symptoms); other
pain conditions (e.g., headaches, back pain, chronic widespread pain, and
fibromyalgia); and other aspects of pain (e.g., sleep, mood, concentration,
beliefs, and the quality of life). In diagnosing a pain disorder, the pain his-
tory is key because there are no confirmatory examination procedures or
tests; to diagnose a specific type of TMD this history is also critical because
only the history can provide the necessary information to guide prognosis
and treatment selection.

While medical history taking is part of most practitioners’ training,
taking a pain history may not be, and a psychosocial history is quite often
outside a practitioner’s skills, or it may be set aside due to time constraints.
Moreover, it may be difficult for a dentist to assess psychosocial status,
as patients often regard it as unexpected if not inappropriate in a dental
setting, while dentists often regard it as not part of dentistry. Actions for
overcoming barriers to implementing the biopsychosocial model in clinical
practice settings are being explored (Sharma et al., 2019).

The current standard for an examination pertinent to TMDs includes
specific tests of the masticatory system and, when indicated, TM] imaging.
The examination should assess facial symmetry and extraoral soft tissues,
jaw mobility and functional impact (e.g., limited mouth opening), possible
disc disorders (TM] noises, condylar deflection while opening during the
acute stage), and the overall pattern of replication of pain from jaw mobil-
ity testing and extraoral muscle palpation. As described by Schiffman and
colleagues (2014), an evaluation for overt changes in the stability of the
occlusion as a consequence of degenerative joint changes is warranted as
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part of an initial examination. The clinical tests and imaging protocols and
interpretation standards are well described (Ahmad et al., 2009; Li et al.,
2012).

To address the time limitations faced by the practicing dentist, a brief
form of the DC/TMD examination procedures is currently being developed
by an international group via the International Network for Orofacial Pain
and Related Disorders Methodology. The brief procedures are expected
to yield sufficient examiner reliability and diagnostic validity for the diag-
nosis of DC/TMD pain disorders. The reliability and validity of the clinical
procedures for internal displacements and degenerative joint disease of the
TM] are expected to remain poor, and clinical decision-making skills will be
required, as they are now, to decide when the history and clinical examina-
tion need to be accompanied by imaging of the TM]J. For the uncommon
TMDs, other clinical tests are required (Peck et al., 2014), but these are not
yet operationalized and hence not considered reliable. Nevertheless, these
indicated tests represent the current best practice for the assessment of the
uncommon TMDs.

Conclusion 5-1: Clinical assessment using the Diagnostic Criteria
for Temporomandibular Disorders (DC/TMD) allows for the iden-
tification of patients with temporomandibular disorders ranging
from simple to complex presentations, and the DC/TMD is appro-
priate for use in a range of clinical settings. Ideally, the DC/TMD
would be used during the first patient visit and selectively thereafter
for monitoring treatment progress.

TMD TREATMENTS

There are a wide variety of potential treatments for TMD, includ-
ing self-management, physical therapy, medications, occlusal adjustments,
intraoral appliances, and surgery. Evidence-based clinical practice guide-
lines for the treatment of TMDs do not currently exist, despite the fact
that treatment is common. In one study of people who developed a TMD,
57 percent reported having received one or more treatments during a
6-month follow-up period (Slade et al., 2016). Evidence about the safety
and efficacy of these treatments is sparse; many of the research studies that
have been conducted are insufficiently powered to produce solid conclu-
sions, lack appropriate comparison or control groups, are missing standard-
ized outcome measures, or focus on individual interventions without the
context of holistic patient care.

Many studies use pain intensity or similar measures as the outcome
of interest, rather than measuring such outcomes as quality of life; physi-
cal, social, and psychological well-being; or restoration of function. While
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reducing pain is an important goal for many patients, patients may also
benefit from treatments that restore their ability to live, work, and play.
Similar to the evolution in understanding of outcome measures for indi-
viduals suffering from low back pain, the goals of TMD care should focus
on functional rehabilitation, that is, an individual’s ability to thrive despite
the presence of the disease.

The following sections describe common TMD treatments and the evi-
dence that is available about these treatments. This section is not intended
to serve as a systematic literature review, but rather as a summary of pub-
lished data. Recent systematic reviews are included where available as are
Cochrane Collaboration reviews and meta-analyses; a frequent conclusion
in the systematic reviews regarding clinical trials of treatments for TMDs
is that methodological quality is generally low.

The treatments in this section are organized by type of intervention
as follows: (1) psychological/behavioral/self-management, (2) physical,
(3) complementary, (4) pharmacological, and (5) interventional. It is im-
portant to note that most current TMD treatments lack strong evidence
to support or reject their use. The two exceptions to this rule are (1) self-
management, for which there is strong evidence for improved outcomes in
patients with chronic pain, although much of this evidence is not specific
to individuals with TMDs, and (2) occlusal treatments, concerning which
a large body of research exists, with the effectiveness of occlusal manage-
ment in individuals with TMDs not having been consistently demonstrated.

In considering the appropriate role for evidence in making treatment
decisions, strong evidence supporting the use of a particular type of treat-
ment (e.g., self-management) and strong evidence against the use of a
particular type of treatment (e.g., occlusal treatments) should be regarded
as a starting point in choosing treatments in the spirit of the requirement
to “do no harm.” Despite the evidence that is available, outdated beliefs
about commonly recommended therapies can result in harm to individuals
with a TMD. It is notable that the TM]J Patient-Led RoundTable reviewed
information from 24 professional organizations claiming to diagnose and
manage TMDs and found a wide variety of beliefs and guidance (Kusiak
et al., 2018).

Historically, a lack of recognition and adoption of available evidence
related to TMDs led many clinicians to avoid acceptance of new science
which has led to poor treatment decisions and outcomes for many indi-
viduals with a TMD. When strong evidence becomes available about TMD
treatments, interventions need to be implemented at the level of medical
and dental school curriculum and residency. Waiting until clinicians are
established in practice to try and motivate changes in their behavior may
be too late. In addition, multiple system-level drivers impact the treatment
approaches chosen for individuals with a TMD. The dental education and
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care delivery has much room for improvement to (1) foster a culture of
support for evidence-based treatments during training and once a dentist is
in private practice, and (2) influence clinician behavior through system-level
changes (e.g., paying for appropriate care and not paying for inappropriate
care).

Psychological/Behavioral/Self-Management Treatments

Self-Management

Self-management, alone or in conjunction with other treatments, is a
keystone of care for many chronic conditions, including TMDs (Dworkin
et al., 2002; Turp et al., 2007; Greene, 2010; Kotiranta et al., 2014). Self-
management refers to the tasks an individual engages in to live with a
chronic condition (Adams, 2010). When one thinks of the self-management
of TMDs, the tasks that typically come to mind are those related to medical
management (e.g., taking one’s medications, doing jaw positioning exer-
cises, and returning for follow-up visits). When TMD symptoms persist,
however, individuals are often dealing with additional tasks such as manag-
ing their roles (e.g., as partners or workers) and managing emotions (e.g.,
dealing with emotional distress).

For some, the term “self-management” has negative connotations.
First, some patients and health care professionals may believe that self-
management means that patients should cope with their conditions primar-
ily on their own. Instead, self-management is best understood and practiced
as a way of expanding the patient’s agency over his or her condition and
its treatment, in partnership with medical specialists and others in their
network.

Second, individuals may believe that “self-management” means that
they must triumph over or somehow conquer all aspects of their conditions.
As a result, they may interpret their own inability to avoid certain nega-
tive consequences of a medical condition (e.g., flares in pain due to joint
degeneration) as personal failures (i.e., that they are “poor self-managers”).
Yet, a key element of self-management is educating individuals about their
conditions so that they can better understand and prepare for outcomes that
are part of the disease trajectory.

Learning self-management A variety of ways are available to learn how
to engage in the self-management of TMDs, including self-, peer-, and
therapist-guided approaches. Many people with a TMD use self-guided
approaches to learn some aspects of self-management on their own. For
example, individuals with a TMD might find that the strategies they have
found effective in dealing with other challenges in their lives (e.g., using
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meditation or relaxation strategies, setting goals, staying involved in mean-
ingful activities) are effective in managing a TMD. Alternatively, individuals
might acquire strategies for managing a TMD from outside their own
experiences, for example, by drawing on educational resources provided
by a provider or on the Internet, reading self-help books on TMDs, or
observing others who have coped with a TMD or other chronic medical
conditions. Peer-guided self-management, on the other hand, is a more
formal approach that uses a curriculum to educate patients about their
conditions and teach self-management skills in group sessions. It features
peer leaders who, because of their lived experience, have high credibility
and can be powerful sources of support for helping individuals identify and
cope with obstacles to self-management efforts. Peer training is often pro-
vided in a format that fits with participants’ language and cultural needs.
Finally, therapist-guided self-management approaches combine a psycho-
educational rationale with techniques drawn from cognitive-behavioral
therapy (CBT) and biofeedback. These approaches are systematic (e.g., use
standardized treatment protocols and manuals) and emphasize experiential
learning (therapist modeling, guided practice, and supportive or corrective
feedback) and the importance of home practice in mastering learned skills.
Therapist-guided approaches have the advantage of being led by a trained
health professional, often a psychologist. A professional is often in a better
position to tailor training to the participants’ needs and past experiences,
to provide knowledgeable feedback, and to recommend novel approaches
that the participants might not have considered.

Evidence of efficacy A number of meta-analyses and systematic reviews
have examined the effectiveness of self-management approaches for chronic
pain conditions in general (Hoffman et al., 2007; Williams et al., 2012;
Morley et al., 2013; Pike et al., 2016) and chronic orofacial pain and TMDs
more specifically (Aggarwal et al., 2011; Liu et al., 2012; Randhawa et al.,
2016).

The most recent systematic review—by Aggarwal and colleagues
(2019)—sought to examine whether formal training in self-management
techniques (primarily CBT and biofeedback) is more effective than control
conditions in improving long-term outcomes (>3 months) in terms of pain
intensity and psychosocial well-being. The researchers’ search of the litera-
ture yielded a total of 14 randomized clinical trials that met their criteria for
inclusion. All of these trials tested the effects of CBT, biofeedback, or both
in patients with chronic orofacial pain or a TMD (12 of 14 studies focused
on individuals with a TMD). Table 5-1 presents the CBT and biofeedback
protocols used in several of these trials as well as a summary of the findings.
The protocols shared several key features: (1) they were led by experienced
and trained therapists (usually psychologists), (2) they provided participants
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TABLE 5-1 Selected Randomized Clinical Trials of Cognitive-Behavioral
Therapy (CBT) Interventions for TMD

Study Treatment
Authors  Key Treatment Components Format Findings
Turner * Rationale for CBT approach 4 sessions Compared to the
et al., e Self-monitoring of use of learned 6 follow-up control group, the
2006 skills phone calls group that received
* Progressive relaxation training Delivered by CBT skills training
e Checking and correcting jaw posture  licensed clinical ~ showed greater
e Abdominal/diaphragmatic breathing  psychologists improvement at 3,
* Goal setting to increase activity with experience 6, and 12 months
* Cognitive restructuring to identify in CBT on measures
and change overly negative including use
thoughts of relaxation
* Home practice assignments techniques, activity
e Problem solving around obstacles interference, pain
to practice of learned skills intensity, jaw
* Relapse-prevention training to function, and
promote maintenance and deal depression.
with setbacks
Litt et * Rationale for CBT and using EMG 6 sessions Compared to the
al., 2010 biofeedback approach Delivered by control group,
e Relaxation training master’s-level the group that
* EMG biofeedback to reduce therapists with  received CBT skills
masseter muscle activity experience in training showed
* Habit modification to reduce CBT steeper decreases
clenching and bruxing in pain over time,
e Cognitive restructuring to identify particularly for
and change overly negative those who were low
thoughts in somatization or
e Stress management training high in readiness or
* Home practice assignments self-efficacy.
Ferrando * Rationale for combined CBT- 6 sessions Compared to the
et al., hypnosis approach Delivered by control group, the
2012 * Functional analysis to identify master’s-level group that received
antecedents and consequences of psychologist a CBT intervention
problem behaviors/patterns with experience  that included
* Hypnosis training to enhance in CBT hypnosis showed

relaxation, positive mood, and the
use of imagery

Hypnosis to support self-suggestions
for pain relief, reduction of pain and
anxiety, reduction of tension in jaw
Activity planning

Assertiveness training
Relapse-prevention training

higher improvement
in frequency in

pain and emotional
distress.
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TABLE 5-1 Continued

Study Treatment
Authors  Key Treatment Components Format Findings
Shedden- ¢ Rationale for combined CBT- 8 sessions Compared to the
Mora et biofeedback approach Delivered by control group, the
al.,, 2013 * Lab-based EMG biofeedback to master’s-level group that received
reduce muscle activity in masseter,  psychologists biofeedback-based
temporalis, frontalis, and trapezius ~ with experience ~ CBT showed larger
muscles in CBT improvements in
* Home EMG biofeedback training pain coping skills
to decrease daily and nocturnal and reported higher
jaw muscle tension satisfaction with
* Lab-based biofeedback to lower treatment and
autonomic arousal (i.e., feedback improvement.

of skin conductance, finger
temperature, and breathing)

e Progressive relaxation training to
assist biofeedback

e Habit reversal training to reduce
clenching/bruxing and promote
jaw relaxation

* Learning to challenge overly
negative thoughts

e Relapse-prevention training

* Training in problem solving skills

NOTE: EMG = electromyography.
SOURCE: Adapted from Aggarwal et al., 2019.

with a psychoeducational rationale at the start of self-management training,
and (3) they combined in-session experiential skills training with home-
based practice assignments.

Several key findings emerged from that systematic review. First, at long-
term follow-up, therapist-guided self-management was significantly more
effective than control conditions in reducing pain intensity, depression,
activity interference, and muscle palpation pain. Second, many of the
studies included positive methodological features such as random assign-
ment to one or more control conditions, well-described inclusion and exclu-
sion criteria, a comprehensive set of well-validated outcome measures, and
assessments of both short- and long-term outcomes. Third, as a group these
studies were rated as having a low risk of bias, and the quality of evidence
for the key outcomes was rated as high (Aggarwal et al., 2019). Taken to-
gether, these findings provided support for the efficacy of therapist-guided
self-management (CBT and biofeedback) for TMDs.

The efficacy of peer-guided self-management has not been as widely
studied in TMDs, though systematic reviews and meta-analyses conducted
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on this approach in other chronically painful conditions (Jackson et al.,
2014) and chronic diseases (Holden, 1991) have provided empirical sup-
port for its efficacy.

The future of self-management Considered overall, it seems fair to con-
clude that there is growing recognition that self-management is important
in care of TMDs. Persons with a TMD can learn self-management skills
in a variety of ways. To date, evidence for the efficacy of self-management
training has come primarily from randomized controlled studies of
therapist-guided self-management training. Although the results are sup-
portive, the total number of studies is relatively small, with most of them
focused on CBT and biofeedback.

Much more needs to be done to advance the practice and science
of self-management of TMDs. First, there is a need to involve patients,
their families, health care professionals, and other key stakeholders in the
review and evaluation of current TMD self-management materials and
resources and peer-led and therapist-led self-management training proto-
cols. Such a review could lead to the development of updated and tailored
self-management materials. The availability of high-quality resources not
only could heighten the impact of self-management approaches on patients
and their families, but also could enhance health care providers’ aware-
ness of self-management and knowledge about and skills in fostering
self-management. Second, there is a need for programmatic research to
develop and test novel self-management programs for individuals with a
TMD. Novel psychosocial interventions (e.g., acceptance and commitment
therapy, partner-assisted and couples-based training in self-management)
and novel treatment delivery formats (e.g., eHealth approaches such as
video over the Internet) could be more widely explored in TMD care.
Third, although novel theoretical frameworks are available to guide the
development of self-management interventions (e.g., the National Institutes
of Health [NIH] stage model) that can be readily disseminated, these have
not received much attention in the TMD area. These theoretical frame-
works are important in guiding treatment development and in addressing
the key limitations of the current TMD literature, including the need to
involve patients and real-world providers in the development of training
materials and methods, the need to link intervention components to theory,
and the need to streamline treatments to make them easier to disseminate.
Fourth, with the growing recognition that TMDs are a set of complex and
multidimensional conditions has come heightened interest in the variance
in how people respond to training in self-management. Finally, although
there is evidence that formal training in self-management can be effective,
much less is known about how it works. Research suggests that changes in
measures of self-efficacy or in the perceived ability to control pain occurring
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over the course of training are important in explaining improvements in
pain and other outcomes (Lorig et al., 1989). Research is needed to identify
other critical potential mediators of self-management training in TMD care.
Among the potential key mediators are changes in biological responses
(e.g., immune activity, changes in spinal cord responses to noxious stimuli,
or activation of descending pain modulatory systems in the brain) and emo-
tional responses (e.g., stress responding, emotional regulation). Box 5-1 lists
a number of other important research priorities in this area.

Conclusion 5-2: Self-management and patient education can be
important components of care of temporomandibular disorders
(TMDs). People with TMDs need access to self-management
resources, including formal training. Research is needed to test
and refine self-management interventions in order to identify which
techniques are most effective, to determine which patients are most
likely to see benefits, and to understand the mechanisms of self-
management for TMDs.

BOX 5-1
Research Priorities for Self-Management Strategies

» Test novel behavioral interventions and methodologies (e.g., daily diaries) and
novel treatment outcome designs (e.g., adaptive designs, single-case designs)
from other areas of behavioral research to update the temporomandibular
(TMD) field and bring it in line with mainstream self-management.

» Better address the complexity of persistent TMDs by testing interventions
for changing multiple problematic behaviors experienced by persons with a
TMD (e.g., pain management, weight management, physical activity, emotion
regulation).

» Study those individuals who are able to initiate and sustain self-management
on their own (i.e., without formal training or guidance from health care pro-
viders). What lessons can we learn from these individuals to apply to the
general population?

* Conduct research on the social context of TMDs (e.g., the family environment,
community and work environment) and how it influences how persons adjust to
and manage TMDs. This research could have important implications for involv-
ing significant others and partners in a meaningful way in self-management.

* Understand that TMD conditions can be chronic in nature and that research is
needed to test novel strategies for enhancing the long-term use and effective-
ness of self-management strategies. These strategies might include booster
training sessions to enhance problem-solving skills and interactive online tools
to help individuals better deal with periodic pain flares and other obstacles to
coping efforts.
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Physical Treatments

Occlusal Treatments

As described in Chapter 2, discrepancies between an individual’s dental
occlusion (how teeth fit together) and the ideal occlusion, as defined by a
range of attributes, have been a target for TMD treatment for more than
50 years. Occlusal treatments modify the teeth and bite. Intraoral appli-
ances fit over the teeth and do not modify the teeth or bite (see section
below on intraoral appliances). A 2017 protocol for evaluating the effec-
tiveness of occlusal interventions for managing TMDs has been approved
by Cochrane, but the review is not yet complete (Singh et al., 2017).
Occlusal approaches, and available evidence-based status, include:

* Occlusal adjustment: modifying the teeth through the addition of
fixed crowns or removable devices in order to change the positioning
of the lower jaw relative to the upper jaw. A 2003 Cochrane review
found no difference between the group receiving occlusal adjust-
ment and the control group (Koh and Robinson, 2003); the review
was withdrawn in 2016 due to being out of date and not meeting
Cochrane’s current methodological standards (Cochrane Library,
2016a).

* Occlusal equilibration: adjusting the occlusion by removing enamel
from the chewing surface of the tooth in order to modify the manner
in which the teeth achieve full closure or the manner in which the
teeth move past each other as the lower jaw is moved to the side or
to the front. This approach has also been called selective grinding—
when a dentist grinds one or a few biting surfaces of an individual’s
teeth to improve the interaction of those teeth with the teeth on the
opposing jaw. A 2018 assessment of the literature found no evidence
to support its use (Manfredini, 2018).

* Orthodontic treatments: the repositioning of some or all of the teeth
with the goal of improving an individual’s bite. A Cochrane review
(Luther et al., 2010) found that there were insufficient data avail-
able to inform clinical practice on the effectiveness of orthodontic
treatments in reducing TMD symptoms. In 2016 the review was
withdrawn due to being out of date and not meeting Cochrane’s
current methodological standards (Cochrane Library, 2016b).

The time and cost for these different treatments vary. Full orthodontic
treatment typically requires 2 to 3 years, and the cost depends on the geo-
graphic area. Adjusting the occlusion can require anywhere from a single
treatment session to a series of recurring sessions over many years, which
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are often stopped not because of therapeutic success but because of the
tooth sensitivity that is inevitable with enough removal of enamel. Modify-
ing the teeth through crowns or removable devices can require up to several
years of treatment and cost thousands of dollars.

As discussed in Chapter 2, the current Diagnostic Criteria for Temporo-
mandibular Disorders (DC/TMD) considers the stability of the occlusion
as a common symptom of degenerative joint disease but not as part of the
diagnosis of a TMD. Over recent decades, research has not found sufficient
evidence to support claims that dental occlusion is an important contributor
toward TMDs (Clarke, 1982; Clark et al., 1999; Fricton, 2006; Klasser and
Greene, 2009; Tirp and Schindler, 2012). However, publications and posi-
tion papers within the dental community often continue to promote the role
of occlusion in diagnosing and treating individuals with TMDs (Dawson,
1996; Cooper, 2011; Racich, 2018).

Several studies have found that occlusion and a particular position
of the TM]Js (which includes freedom to move posteriorly relative to the
fully closed occlusion) may actually be a protective factor for TMDs and
an important adaptive response of the body (Levy, 1975; Pullinger et al.,
1988). This research would suggest that treatment to correct the so-called
“slide” in mandibular position (see Chapter 2) is misdirected as a treatment
for TMD. The relationship between head posture and the closing position
of the mandible and resultant stability of contact between lower and upper
teeth reflects a complex interaction between cervical and masticatory sys-
tems (Mohl, 1984; Southard et al., 1990), highlighting the importance of
understanding TMDs within broader frameworks (e.g., the role of the cervi-
cal system for both pain and mechanical jaw function). This contrasts with
the common but unsupported belief that head or body posture problems
are caused by TMDs (Manfredini et al., 2012), which is sometimes used to
justify TMD treatments. Collectively, this type of information continues to
not be typically incorporated into working clinical knowledge and research
attention to these areas has waned over the years.

Intraoral Appliances (Splints)

Intraoral appliances, or laboratory-fabricated devices that fit over the
teeth, are known by a wide variety of names such as splints, stabilization
appliances, occlusal splints, occlusal appliances, interocclusal splints, fully
balanced splints, repositioning splints, bruxism splints, nightguards, and
several names denoting the commercial vendors of particular splint designs;
the selected name usually relates to the perceived mechanism of action, for
which evidence remains absent. Therefore, the theory-neutral term “intra-
oral appliance” is used. Intraoral appliance treatment is distinctly differ-
ent than treatments that modify the occlusion (e.g., occlusal adjustment,
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occlusal equilibration, and orthodontic treatments), which are described in
the previous section.

The mechanism of action of intraoral appliances is unclear. When used
during sleep, they were originally believed to stop sleep bruxism, but it
became apparent that bruxism behavior decreased for some individuals,
stayed the same for others, and increased for yet others, and this was in-
dependent of whether the symptoms improved (van der Zaag et al., 2005).
Since then, the relationship between increased activity of the masticatory
muscles during sleep and morning symptom reports has, if anything, be-
come more uncertain, raising further questions regarding this treatment
modality. As the real mechanism of action has still not been determined,
the utility of one type of splint over another (e.g., a stabilization splint that
separates the teeth but does not change the position of the jaw versus a
repositioning splint that advances the mandible to a changed position) is
similarly unclear. Data comparing several types of splint designs have not
shown significant differences between them (Jokstad et al., 2005).

Data regarding the effectiveness of intraoral appliance therapy in the
treatment of TMDs is generally of poor quality and yields mixed results
(see Box 5-2). In one study of 51 participants with myofascial pain with or
without limited jaw opening, those who received an intraoral appliance and
received information about behavior changes reported earlier significant
improvement in pain scores than those in a control group with no appli-
ances (Conti et al., 2012). A study of 112 patients with painful TMDs who
were randomly assigned to an anterior repositioning splint or biostimula-
tion laser therapy found that the splint group had a greater decrease in
pain intensity (Pihut et al., 2018). In a randomized trial of 81 patients with
TMDs that were assigned to treatment groups including intraoral splint
therapy, manual therapy, and counseling, all therapies were found to be
effective in improving pain and quality of life, but no therapy was superior
to another (de Resende et al., 2019). Many other studies have similarly
shown intraoral appliance therapy to have minor or equivocal benefits for
the improvement of pain in patients with TMDs.

BOX 5-2
Challenges Facing the Application of Evidence-Based
Dentistry for Temporomandibular Disorders (TMDs)

Two studies of intraoral appliances illustrate some of the significant challenges
associated with applying evidence-based dentistry for TMDs: (1) the often strongly
held beliefs and preferences that dentists hold regarding intraoral appliances, and
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BOX 5-2 Continued

(2) why dentists are often reluctant to incorporate a more biopsychosocial model
for treatment of TMDs.

In the first study, 200 patients with myofascial pain of the masticatory muscles
(either temporomandibular joint [TMJ] arthralgia or disc displacement with reduc-
tion) were randomized to three different treatment groups: usual self-care treat-
ment alone, self-care with a custom laboratory appliance, or self-care with a
common athletic mouthguard (Truelove et al., 2006). The intraoral appliances
were used during sleep. The outcomes across multiple variables improved equally
for all three treatment groups. One conclusion drawn from the study was that
costly appliances had no additional benefit beyond the very inexpensive athletic
mouthguard. A second conclusion was that appliances of any sort were not
necessarily needed. However, because of the diagnostic heterogeneity of TMDs
enrolled in the study, a deeply held view or preference by some dentists regarding
a particular appliance for a particular diagnosis would result in rejecting the find-
ings. In short, some dentists believe that uncontrolled observations of uncontrolled
treatments in a single treatment setting are more valid than a clinical trial that
has clumped different diagnoses together. However, randomization, diagnostic
equivalence between treatment groups, and the role of statistics that accounts
for that heterogeneity should lead to much greater confidence in such findings,
versus simple clinical observation that is prone to well-known biases.

In a second study, the belief that intraoral appliances need to be designed in
a particular manner was tested by using two contrasting appliance designs (Rugh
et al., 1989). The ideal form of the anterior part of the appliance that guides how
the teeth in the lower jaw move forward or the side, while contacting the appli-
ance attached to the upper teeth, was alternated by creating the same movement
guidance on the molar teeth; prevailing theory at that time was that such an
appliance design would substantially worsen outcomes. After wearing one type
of appliance during sleep for several weeks, the outcomes in terms of magnitude
or frequency of sleep bruxism were measured; this was repeated for the other
type of appliance. The appliance using the guidance based on the molar teeth
exhibited the same outcomes as the appliance using the ideal guidance on the
front of the appliance. Yet, dentists continue to believe that their particular appli-
ance design is superior and effective, despite the research literature that takes a
broader perspective.

Many dentists believe that particular TMDs are best treated by a unique type
of intraoral appliance—that is, the appliance has to be designed in a particular
manner—such that some aspect of improving the dental occlusion is incorporated
into the appliance. Any treatment study that does not isolate the particular TMD
of interest and treat it with the unique appliance of interest will be automatically
rejected by the dentist as inadequate. Because of the hundreds of variations in
intraoral appliance design, it is unlikely that any study could ever be conducted
that will be considered sufficient to a particular dentist with a pre-existing belief
about the effectiveness of one appliance. Simply stated, some dentists regard
the evidence associated with procedural-based treatments as suspect unless the
treatment was done “in my hands.”
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While harms associated with TM]J surgery have been extensively
investigated, the harms associated with intraoral appliances are less well
understood. The committee was not aware of any specific literature that
describes complications associated with intraoral appliances. Anecdotally,
these harms include alteration in the occlusion or position of the teeth,
aspiration of small appliances worn on the anterior teeth, dependence on
a device and not acquiring self-management skills, and perpetuation of a
belief that something is wrong with the masticatory system such that the
appliance is necessary to “fix” it. Systematic research is needed to assess
harms associated with occlusal appliances.

Several attempts have been made at meta-analyses and systematic
reviews of the utility of intraoral splints in patients with TMDs. In 1999
a qualitative systematic review concluded that intraoral splints may be of
some benefit in the treatment of TMDs but that the evidence to definitively
support this conclusion was lacking (Forssell et al., 1999). In 2004 another
qualitative systematic review indicated that most individuals with mastica-
tory muscle pain are helped by intraoral appliances such as a stabilization
splint but concluded that the evidence was uncertain as to whether the
improvement in symptoms was caused by a specific effect of the appliance
(Turp et al., 2004). A 2017 meta-analysis that included 30 randomized con-
trolled trials found stabilization splints to have short-term benefits on pain
reduction and pain intensity but no differences in long-term outcomes with
other types of treatments (Kuzmanovic Pficer et al., 2017). In summary,
intraoral splint therapy may confer a small benefit for the management of
pain in individuals with TMDs, but the evidence for this is generally poor
and mixed.

Physical Therapy

Physical therapists are fully integrated into the modern health system
and work to meet the interdisciplinary and interprofessional management
needs of individuals with chronic pain. Physical therapists are increasingly
serving as primary care providers and may provide a gateway into the
health care system for people with a TMD. Physical therapists use mul-
tiple approaches to the management of TMDs, including exercise, manual
therapy, and education on self-management skills (see section on self-
management above). Other therapies offered by physical therapists include
electrotherapy and dry needling; these treatments need more evidence to
support their use (see below).

Exercise E