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Status of diagnostic methods and treatments



Early TMD Research Literature: A Selective Sample
• Costen (1934)

• Zicher (1949)

• Schwartz (1959)

• Ramfjord (1961, 1961)

• Laskin (1969)

• Posselt (1971)

• Geering (1974)

• Rugh & Solberg (1975)

• Guichet (1977)

• Farrar & McCarty (1979)

• Solberg (1979)

• Gelb (1980)

• ADA President’s Conference (1983)

• Williamson & Lundquist (1983)

• Rugh, Barghi & Drago (1984)

• Zarb & Carlsson (1979)

• Von Korff (1988)

• Seligman & Pullinger (1989)

• Dworkin & LeResche (1992)

• Zarb, Carlsson, Sessle & Mohl (1994)

• Okeson (1996, and later editions)

Pro: occlusion or other structural problems à TMD
No evidence for occlusion problems à TMD

State of the science, 1990s 
(causal attributed proportion)

• Structural models & ideal morphology
• Occlusion (0%)
• TMJ condylar position (0%)
• TMJ disc displacements (0%)

• Specific structural impairments (DNK %)

• Regional injury (10-30%)

• Polyarthritic disease (5%)

• Generalized joint hypermobility (3-25%)

• Sleep bruxism (10-30%)

• Psychobiologic dysregulation (~72%)

Clark, Etiologic theory and the prevention of 
TMD, Adv Dent Res, 1991



Openbite/Overjet

RCP/ICP slide
Mandibular side shift

Crossbite

Vertical dimension

Occlusal
interferences

Gesch et al. 2004, 2005

Few and only inconsistent associations 
between malocclusion and TMD

(Mal)Occlusionà TMDs ?

Ramfjord SP. Dysfunctional temporomandibular joint and 
muscle pain.  JPD 11:353-374, 1961.

Slide in centric or 
other interferences

Pain in TMJ or 
masticatory muscles
Yes (D+) No (D-)

Yes (T+) 32 0
No (T-) 0 0

TOTALS 32 0

Lack of slide
Group function
Anterior open bite
Anterior cross-bite

Loss of posterior support
> 4 missing posterior teeth
Mediotrusive interferences
Class II, Class III Angle’s

Unilateral CR contact



J. Craniomandibular Disorders, Facial and Oral Pain, 1992
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Polish
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Portuguese (PT)
Spanish
Swedish
Turkish

Citations

SOURCE 2009 2015 2019
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741 1695 2389
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I. Introduction 
The RDC/TMD.  The Research Diagnostic Criteria for Temporomandibular 
Disorders (RDC/TMD; Dworkin and LeResche, 1992) is comprised of a dual axis 
approach, clearly operationalized data collection procedures, and strict 
diagnostic criteria.  Consequently, the RDC/TMD has contributed substantially, 
based on nearly 20 years’ data, to TMD research.  These core characteristics 
make the RDC/TMD a model system for the evaluation of pain disorders, and the 
RDC/TMD has correspondingly been used in a wide range of experimental, 
clinical, and population studies around the world.  In response to the request by 
the authors of the RDC/TMD that further research be conducted in order to 
examine the properties of this diagnostic approach, many studies by a wide 
range of active researchers have focused specifically on the reliability and validity 
of the RDC/TMD itself.  The NIDCR provided significant funding for a large 
project – the RDC/TMD Validation Project (Schiffman, PI) – which was recently 
concluded, and the addition of its initial reports to the previous research has now 
led to the availability of a substantial amount of data examining the properties of 
the RDC/TMD.  This critical mass of research stimulated the organization of this 
workshop.  

In reviewing the results from the Validation Project, it was clear that the validity of 
the RDC/TMD ranged from very poor to almost perfect, depending on the 

Recommendations from the International Consensus
Workshop: convergence on an orofacial pain taxonomy

R. OHRBACH*, T. LIST†, J . -P . GOULET‡ & P. SVENSSON§
*University at Buffalo, Buffalo, NY, USA,

†Malmö University, Malmö, Sweden, ‡Laval University, Quebec City, QC, Canada and §University of Aarhus, Aarhus, Denmark

SUMMARY This 2Æ5-day workshop was organized by

the International RDC ⁄ TMD Consortium Network of the

International Association for Dental Research and

the Orofacial Pain Special Interest Group of the Inter-

national Association for the Study of Pain. Workshop

participation was by invitation based on representa-

tion within the field, which included the Consortium

Network, the Orofacial Pain Special Interest Group,

the National Institute for Dental and Craniofacial

Research, American Academy of Orofacial Pain, the

European Academy of Craniomandibular Disorders,

and the International Headache Society; other

disciplines included radiology, psychology, ontology,

and patient advocacy. The workshop members

were divided into workgroups that reviewed core

literature describing the properties of the RDC ⁄ TMD,

provided recommendations for revision, and

suggested relevant research directions. The goals of

this workshop were to (i) finalize the revision of the

RDC ⁄ TMD into a Diagnostic Criteria for Temporo-

mandibular Disorders (DC ⁄ TMD), which would be

more appropriate for routine clinical implementa-

tion, (ii) provide a broad foundation for the further

development of suitable diagnostic systems for

not only TMD but also oro-facial pain as well, and

(iii) provide research recommendations oriented

towards improving our understanding of TMD and

oro-facial pain. This report provides the full descrip-

tion of the workshop and Executive Summary, and it

acknowledges the participants and sponsors.

KEYWORDS: temporomandibular disorders, oro-facial

pain, classification, consensus
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Introduction

The RDC ⁄ TMD

The Research Diagnostic Criteria for Temporomandib-

ular Disorders (RDC ⁄ TMD; Dworkin and LeResche,

1992) is comprised of a dual-axis approach, clearly

operationalized data collection procedures, and strict

diagnostic criteria. Consequently, the RDC ⁄ TMD has

contributed substantially, based on nearly 20 years’

data, to TMD research. These core characteristics make

the RDC ⁄ TMD a model system for the evaluation of

pain disorders, and the RDC ⁄ TMD has correspondingly

been used in a wide range of experimental, clinical,

and population studies around the world. In response

to the request by the authors of the RDC ⁄ TMD that

further research be conducted to examine the proper-

ties of this diagnostic approach, many studies by a

wide range of active researchers have focused specif-

ically on the reliability and validity of the RDC ⁄ TMD

itself. The National Institute for Dental and Cranio-

facial Research (NIDCR) of the National Institutes of

Health, US, provided significant funding for a large

project – the RDC ⁄ TMD Validation Project (Schiffman,

PI) – which was recently concluded, and the addition

of its initial reports to the previous research has now

led to the availability of a substantial amount of data

examining all of the properties of the RDC ⁄ TMD. This

critical mass of research stimulated the organization of

this workshop.

ª 2010 Blackwell Publishing Ltd doi: 10.1111/j.1365-2842.2010.02088.x
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Executive summary of the Diagnostic
Criteria for Temporomandibular
Disorders for clinical and research
applications
Eric Schiffman, DDS, MS; Richard Ohrbach, DDS, PhD

I n 1992, the seminal article on the Research Diag-
nostic Criteria for Temporomandibular Disorders
(RDC/TMD) was published.1 The RDC/TMD had
content validity because it was developed by a panel

of temporomandibular disorder (TMD) experts on the
basis of empirical data and a comprehensive review of
the literature. This review included a critique of the
different TMD diagnostic classification schemes in use
at that time. However, the RDC/TMD went beyond
standard classification approaches for TMD and pro-
posed a dual-axis assessment. Axis I included the stan-
dard diagnostic criteria for the most common TMDs
and was based on TMD clinical signs and symptoms.
Axis II took the assessment further by including the
assessment of psychosocial and behavioral factors. Thus,
Axis I described the most common physical disorders,
and Axis II described aspects of the person who had the
disorder. This was a paradigm shift. Only now are other
pain-related diagnostic classifications adapting multiaxis
assessments.2 The RDC/TMD Axes I and II subse-
quently were translated into 20 languages and have been
used extensively in research-based publications.

The authors of the RDC/TMD stated from the
beginning that there was a need to assess the criterion
validity of the Axis I physical diagnoses. Criterion val-
idity required assessing these diagnostic criteria against a
reference standard (also referred to as the gold standard
and criterion standard).3 Subsequently, the multisite
Validation Project assessed the criterion validity of the
RDC/TMD Axis I diagnostic criteria by using credible
reference standard diagnoses and concluded that these
diagnostic criteria needed improvement.4 Briefly, the
reference standard diagnoses for the pain-related dis-
orders were established by consensus between 2 TMD
and orofacial pain experts at each of 3 study sites
using a comprehensive history, physical examination,
and panoramic radiograph. The reference standard

Copyright ª 2016 American Dental Association. All rights reserved.

ABSTRACT

Background. In this executive summary, the authors
describe a protocol for assessing patients with temporo-
mandibular disorder (TMD). It is based on the Diagnostic
Criteria for Temporomandibular Disorders (DC/TMD) for
clinical and research applications.
Methods. The DC/TMD was developed using published
Axis I physical diagnoses for themost commonTMDs. Axis
I diagnostic criteria were derived from pertinent clinical
TMD signs and symptoms. Axis II consists of psychosocial
and behavioral questionnaires already in the public domain.
A panel of experts vetted andmodified the Axis I andAxis II
diagnostic protocols. Recommended changes were assessed
for diagnostic accuracy by using the Validation Project’s
data set, which formed the basis for the development of the
DC/TMD.
Results. Axis I diagnostic criteria for TMD pain-related
disorders have acceptable validity and provide definitive
diagnoses for pain involving the temporomandibular joint
(TMJ) and masticatory muscles. Axis I diagnostic criteria
for the most common TMJ intra-articular disorders are
appropriate for screening purposes only. A definitive diag-
nosis for TMJ intra-articular disorders requires computed
tomography or magnetic resonance imaging. Axis II ques-
tionnaires provide valid assessment of psychosocial and
behavioral factors that can affect management of TMD.
Conclusions. The DC/TMD provides a questionnaire for
the pain history in conjunction with validated clinical ex-
amination criteria for diagnosing the most common TMDs.
In addition, it provides Axis II questionnaires for assessing
psychosocial and behavioral factors that may contribute to
the onset and perpetuation of the patient’s TMD.
Practical Implications. The DC/TMD is appropriate
for use in clinical and research settings to allow for a
comprehensive assessment of patients with TMD.
Key Words. Temporomandibular joint disorders;
temporomandibular dysfunction; research; orofacial pain;
myofascial pain; masticatory muscles; diagnostic challenge;
facial pain; clinical protocols; National Institutes of Health.
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Clinical Review

Introduction
The present article describes the principles and process under-
lying the development of diagnostic methods for temporoman-
dibular disorders (TMDs) and highlights the necessary 
foundations for future taxonomic developments. Key events, 
as reflected in this review, are depicted in the Figure.

TMDs represent heterogeneous musculoskeletal disorders, 
while a TMD represents 1 type or 1 aspect, such as TMD pain. 
TMDs, as a group, are characterized by regional pain in the 
facial and preauricular areas or by limitation or interference in jaw 
movement. Frequent examination findings are hyperalgesia—
usually revealed via pressure application to the muscles of 
mastication or temporomandibular joints (TMJs)—and noises 
in the TMJs. The most common subtypes of TMDs include 
pain-related disorders, such as myofascial pain and arthralgia, 
and disorders associated with the TMJ, primarily internal 
derangements and degenerative joint disease. In addition, the 
biopsychosocial perspective recognizes the importance of 
assessing the impact of chronic pain on the person, including 
psychologic disabilities, such as depression, as well as psycho-
social dysfunction, such as inability to perform activities of 
daily living, susceptibility to medication abuse, and frequency 
of treatment seeking. These are significant components of clin-
ical presentation of many chronic pain conditions, including 
TMDs (Dworkin et al. 1990; Dworkin 1994; McLean et al. 
2005; Porter-Moffitt et al. 2006; Verkerk et al. 2015).

We begin with the observation that a reliable and valid diag-
nostic system for many TMD subtypes has evolved from the 
last 2 decades of TMD diagnostic research. That the definition, 
characteristics, and biopsychosocial perspective of TMDs are 
so well known at this time is likely related to the developmen-
tal path of TMD diagnosis. Fundamental research has changed 

the model for TMDs from biomedical, as predominately a 
pathobiologic condition of the TMJ, to an integrated and mul-
tidimensional biopsychosocial model that shares common fea-
tures with a cluster of prevalent musculoskeletal disorders that 
include chronic low back pain, chronic headache, and fibromy-
algia (Deyo et al. 2014). The central attribute of each condition 
is persistent pain that drives treatment seeking and becomes 
debilitating in a significant minority of cases.

The first effort at an evidence-based diagnostic method for 
TMDs—the Research Diagnostic Criteria for TMD (RDC/
TMD)—emerged in 1992 (Dworkin and LeResche 1992) and 
came from the openly acknowledged need for a diagnostic sys-
tem that could not only dependably distinguish, for epidemio-
logic and clinical research purposes, cases from controls but 
also differentially define and diagnose common subtypes of 
chronic pain–related TMDs. In the following 2 decades, the 
RDC/TMD generated much international scientific research 
responsive to their foundation, built on testable evidence in the 
context of an iterative process providing the further evidence 
basis for reliable and valid revisions.

Better diagnostic methods have also led to a better under-
standing of TMD prevalence, incidence, and other characteris-
tics in populations around the world. Examples include the 

653922 JDRXXX10.1177/0022034516653922Journal of Dental ResearchThe Evolution of TMD Diagnosis
research-article2016
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The Evolution of TMD Diagnosis:  
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Abstract
This review explores the principles and process associated with the diagnosis of temporomandibular disorders (TMDs). TMD diagnosis 
has evolved substantially over the past 25 y. Previously, diagnosis focused solely on aberrations in oral structures, largely without 
empirical evidence. The Research Diagnostic Criteria for TMD (RDC/TMD) were developed on core principles of 1) a dual-axis system 
reflecting the biopsychosocial model, 2) a clear operationalization for reliability, and 3) the allowance of multiple diagnoses. These 
principles were retained in the subsequent validation research of the RDC/TMD, and the current diagnostic system—the Diagnostic 
Criteria for TMD (DC/TMD)—has improved on those principles as well as on diagnostic validity and protocols for assessing the 
psychosocial domain. Further investigations into etiology and its potential contribution to taxonomy revision are described, particularly 
within the context of complex disease. The review concludes with an outline of major research areas already underway that will support 
future revisions of the DC/TMD.

Keywords: decision making, diagnostic systems, informatics, pain, psychosocial factors, temporomandibular disorders
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RDC/TMD à DC/TMD: Rationale and Objectives

Create Diagnostic Criteria For Major Subtypes Of TMD 

RDC/TMD DC/TMD

Biopsychosocial model used to assess and 

classify disease and illness 

Biopsychosocial model maintained

Use epidemiologic data Use standardized clinical data

Create a dual axis system:  

Axis I: Physical diagnoses *

Axis II: Psychosocial profile *

Improve dual axis system:

Axis I: Physical diagnoses *
Axis II: Psychosocial profile *

Require operational definitions of terms: 

1. Specifications for examination * 
2. Protocols for reliability &validity *

Improved:
1. Specifications for examination revised *
2. New protocols for reliability &validity *

Require periodic evidence-based revisions Revisions: Organized via INfORM

* Materials available on INfORM website: www.rdc-tmdinternational.org



Can pain disorder diagnoses be reliable?
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Ohrbach & Dworkin, The Evolution of TMD Diagnosis: Past, Present, Future. J Dent Res 2016

Can pain disorder diagnoses be valid?



RDC/TMD à DC/TMD: Comparing selected Axis I examination procedures

Clinical Procedure RDC/TMD
(1992)

DC/TMD
(2014)

Pain location
Identify pain location by complaint ✓ ✓
Confirm pain location by complaint and report of familiar pain ✓
Identification of headache location ✓

Mobility

Jaw-opening pattern ✓ Supplemental;
Options reduced

Assess familiar pain with jaw mobility testing ✓
Muscle and TMJ Palpation

Palpation with 1 or 2 lbs force ✓
Palpation with 0.5 or 1 kg force & defined time period ✓
Calibrate examiners to required palpation forces ✓

Ohrbach et al, DC/TMD Clinical Examination Protocol, version Jan 6, 2014; www.rdc-tmdinternational.org



RDC/TMD à DC/TMD: Comparing selected Axis I diagnostic criteria 
Criterion RDC/TMD DC/TMD 

HISTORY  (applicable to all pain-related TMD disorders)
Presence of masticatory system pain ✓ ✓
Headache of any type in temporal region ✓
Pain or headache modification with jaw movement, function, or parafunction ✓

EXAMINATION
Myalgia (“Myofascial pain” in RDC/TMD)

Confirmation of location of pain in a masticatory muscle ✓
Pain with muscle palpation (required sites)

• Temporalis ✓ ✓
• Masseter ✓ ✓
• Posterior mandibular region ✓
• Submandibular region ✓

Pain with maximum unassisted or assisted opening Exam-only ✓
Familiar pain with palpation or opening ✓

Ohrbach et al, DC/TMD Clinical Examination Protocol, version Jan 6, 2014; www.rdc-tmdinternational.org



Diagnostic Criteria for Temporomandibular Disorders (DC/TMD): Diagnostic Decision Tree 

Pain-Related TMD and Headache 

Regional pain [SQ3] 
AND 

Pain modified by jaw movement, function, or  
parafunction  [SQ4] 

Extension of pain beyond 
muscle boundary [muscle, E9] 

Examiner confirmation of pain location [E1a]  

Myalgia 

Myofascial pain  
with referral 

Headache attributed 
 to TMD 

Headache of any type in temporal region [SQ5] 
AND 

Headache modified by jaw movement, function, or 
parafunction [SQ7] 

Familiar headache from: 
jaw opening OR excursive 
movement, OR temporalis 

muscle palpation 
[temporalis, from E4, E5, 

OR E9] 

Yes 

[To subtype myalgia] 

H
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(1) Familiar pain from: 
 jaw opening [joint, E4]   

OR  
jaw horizontal  

movement  [joint, E5] 
OR  

TMJ palpation [joint, 
E9];  
AND 

(2) Confirm location 
[E1a] 

Arthralgia 

Yes Yes 

Yes 

Yes 

Investigate  
other pain  
diagnoses 

No 

No 

No 

No 

No 

No 

No No 

Headache not better 
accounted for by another 

headache diagnosis 
[Symptom review] 

(1) Familiar pain from:   
jaw opening [muscle, E4] OR 

masticatory muscle palpation (2 secs) 
[muscle,E9];  

AND 
(2) Confirm location [E1a] 

Yes 

Diagnosis of Myalgia or Arthralgia 
Yes 

Examiner confirmation 
of headache in 

temporalis area [E1b] 

Yes 

No 

Myofascial pain 

Local myalgia 

Pain extend beyond area 
of stimulation [muscle, E9] 

Investigate other  
Pain diagnoses 

No 

Yes 

[To rule out 
false negative] 

Yes 

 Familiar pain:  MM palpation 
(5 secs) [muscle, E9] 

Yes 

No 

[Yes = Mast muscles] [Yes = TMJ] 

Version 5/20/2014 (text revision) Note: 2 secs palpation is sufficient for myalgia; 5-secs is required for subtypes 



Diagnostic Criteria for Temporomandibular Disorders (DC/TMD): Diagnostic Decision Tree 

Intra-articular Joint Disorders 
C
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N
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A
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D
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Investigate  
other  

diagnoses 

No 

Degenerative 
joint disease 

Crepitus detected 
by examiner  
[E6 OR E7] 

Yes 
No 

Yes 

No 

Current TMJ noises by history [SQ8]  
OR  

Noise detected by patient during 
examination [E6 OR E7] 

Current intermittent locking 
with limited opening 

[SQ11=yes & SQ12=no] 

No 

Yes 

Disc displacement  
with reduction 

Disc displacement  
with reduction,  

with intermittent locking 

Prior jaw locking in 
closed position [SQ9] 

AND  
Interference in 

mastication [SQ10] 

MAO ≥ 40mm 
(including overbite) 

[E4C] 

Disc displacement  
without reduction, 

with limited opening 

Disc displacement  
without reduction 

without limited opening 

Yes No 

Yes 

If present in clinic:  
Maneuver required to open 
mouth [E8] else go to ‘Yes’ 

By examiner: 
Opening & closing click [E6] 

OR 
[ Opening or closing click [E6], AND 
Excursive or protrusive click [E7] ] 

No 

Yes 

Yes 

IM
A

G
IN

G
 

Confirm by MRI  
when indicated 

Confirm by CT  
when indicated 
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Current TMJ noises 

by history [SQ8]  
OR  

Noise detected by 
patient during 
examination 
[E6 OR E7] 

Yes 

Degenerative  
Joint Disorder 

No 

Investigate  
other  

diagnoses 

No 

Version 09/05/2016 (text revision) 

Subluxation 

Lock in open 
position if 

clinically present  
[E8] 

History of open lock 
[SQ13]  
AND  

History of maneuver 
to close the mouth  

[SQ14] 

Yes 

Yes 

Subluxation 



Italian
Japanese
Korean
Malaysian
Nepali
Norwegian*
Polish
Portuguese (Brasil)*
Portuguese (Port)
Romanian
Slovenian
Spanish
Swedish
Thai
Turkish
Vietnamese

Arabic*
Chinese
Croatian
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Danish
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Translations and implementation Published
* Near completion

Jan 18, 2019



Limitations in DC/TMD

Schiffman et al, Longitudinal stability of common TMJ structural 
disorders. JDR 2017

Schiffman et al, Randomized effectiveness study of four therapeutic 
strategies for TMJ closed lock. JDR 2008

CV=50-60% CV=60-70%



Other diagnostic systems containing TMDs: AAPT for Chronic Pain
Current project organizational members:
• ACTTION (Analgesic, Anesthetic, and Addiction Clinical Trial Translations Innovations 

Opportunities and Networks; includes funding from FDA and pharmaceuticals
• APS (American Pain Society)

• AAPM (American Academy of Pain Medicine)

Five Dimensions

Core diagnostic criteria

Common features

Common medical comorbidities

Neurobiological, psychosocial and functional 
consequences

Putative neurobiological and psychosocial 
mechanisms, risk factors and protective factors

Body System Pain condition 

Peripheral and central 
nervous systems

Peripheral neuropathic pain
Central neuropathic pain

Musculoskeletal 

Osteoarthritis
Other arthritides (e.g., RA, CT diseases)
Musculoskeletal low back pain
Myofascial pain
Chronic widespread pain
Fibromyalgia
Other primary musculoskeletal pain

Orofacial and head 
Headache disorders*
Temporomandibular disorders
Other orofacial pain disorders

Visceral, pelvic, and 
urogenital 

Visceral abdominal pain
Pelvic pain
Urogenital pain

Disease-associated pains 
not classified elsewhere

Pain associated with:  active cancer, sickle 
cell disease, Lyme disease, etc.



Pain 2019

Affiliated with:
• World Health Organization
• International Headache Society
• IASP Orofacial and Head Pain SIG
• American Academy of Orofacial Pain
• International Network for Orofacial Pain and Related Disorders Methodology

International Classification of Orofacial Pain 
(ICOP; In development)

1. Preface
2. Using ICOP
3. Classification
4. Primary and secondary orofacial pain
5. Psychosocial assessment
6. Definitions of terms
7. Pain terminology

Other diagnostic systems containing TMDs: IASP & ICD-11



Transition 
state

Time

Premorbid
factors

Stable & evolving neurobiological mechanisms

Environmental exposures

Acute 
TMD

Person

Chronic 
TMD

Person

Premorbid 
biopsychosocial domain

Chronicity
factors

Dynamic Factors Generic person-level
Condition-specific

Premorbid Biopsychosocial 
Factors
• Psychological distress 
• Pain amplification 
• General health status
• Environmental contributions
• Genetic regulation

Cluster 
assignment1

Pain 
symptom 
iceberg2

Regional 
injury3

Ohrbach et al, in review

OPPERA outcomes and proposed heuristic biopsychosocial model 
for development and persistence of musculoskeletal pain disorder

1 Bair et al, Pain 2016; 2 Slade et al, Pain 2013; 3 Sharma et al, in review



Status of current treatments for TMD
Treatment Evidence Effect size Comments
Occlusal therapies (inc orthodontics) High None Wide-spread use
Intra-oral appliances High Low Wide-spread use
Analgesics and muscle relaxants Mod Low-Mod Wide-spread use
Physical therapy Low Low-Mod Wide-spread use
Simple self-management Mod Low Wide-spread use
Comprehensive self-management High Mod Academic centers
Biofeedback and relaxation therapies High Mod Academic centers
Arthrocentesis and TMJ surgery Low Low
Integrative with co-morbid disorders None Unknown Minimal use



Summary of Diagnosis and Treatment of TMD
1. Diagnostic procedures exist for TMDs

1. Highly reliable and valid: clinical diagnosis of painful TMD
2. Moderately reliable and valid: imaging diagnoses of the TMJ
3. Represent the standards internationally at the institutional level
4. Poorly used in clinical settings

2. TMJ structural problems 
1. The most common are mostly benign
2. Current diagnostic methods do not readily distinguish those that are clinically significant

3. Pain society initiatives in taxonomy include TMD (though sometimes with 
difficulty) and further advances are likely

4. Treatments remain simplistic; TMD is a complex disorder
5. Mechanical and structural causes for TMD are more attractive to many 

providers for both diagnosis and treatment
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Epidemiology and risk factors



“TMD” Prevalence By Sex
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TMD Prevalence by Age
von Korff, et al 1988 Pain 32:173-83
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TMD Pain Prevalence by Age
Lovgren, et al, 2016, Eur J Pain 20:532-40



TMD Incidence Rates in the OPPERA Study
(Slade, et al, 2013, J Pain 14:T20-32)
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Transition from Acute to Persistent TMD

• Slade, et al (2014)1: 49%

•Garofalo, et al (1998)2: 57%

• Epker, et al (1999)3: 71%

1. Slade, et al 2014 Pain 155: 2134-43; 2. Garofalo 1998 JADA 129: 438-47; 3. Epker, et al, 1999 JADA 130: 1470-75. 



Natural History of TMD
• More than half of patients with painful TMD reported no pain or 

greatly improved pain 5 years later1.

• Of people with TMD pain at age 50, less than half reported pain 10 
years later2.

• Patients with myofascial pain showed significant improvements in 
pain severity five years later3.

• In the OPPERA study, 76% of chronic TMD cases persisted as cases 5 
years later, but pain was significantly lower at follow-up4.  

1. Ohrbach & Dworkin 1998 Pain 74: 315-26; 2. Johansson, et al 2008 Acta Odont Scand 66: 50-57; 
3. Rammelsberg, et al 2003 J Orofac Pain 17: 9-20; 4. Fillingim, et al 2018 Pain 159: 2403-13.



TMD Impact
• Among people reporting TMD pain, 17% reported interference with work or 

activities, and 46% sought treatment 1.

• 1-3% of the general population sought treatment for TMD symptoms over a 9-
month period 2. 

• Societal costs not known, but increased healthcare burden alone was 
estimated to exceed $2 billion in 1998 2.

• TMD cases show higher levels of psychological symptoms, particularly 
depression and somatic symptoms, compared to pain-free controls 3.

1. MacFarlane, et al, 2002, Comm Dent Oral Epi 30: 52-60; 2. Drangsholt & LeResche, 1999 in Epidemiology of Pain
(Crombie, et al (Eds); 3. Canales, et al, 2018 J Oral Rehab, 45:881-89.



Chronic Pain Grade in Treatment-Seeking TMD Patients
(Manfredini, et al, 2010, J Dent, 38:765-72)
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Associated Conditions and Risk Factors
• Comorbid pain conditions

• Health-related factors

• Clinical-orofacial factors

• Psychosocial factors

• Pain sensitivity

• Genetic factors



Odds of TMD Based on Number 
of Other Pain Conditions Present

Idiopathic pain conditions (IPCs)
related to TMD in the OPPERA baseline
case-control study. The 4 IPCs were:
headache, low back pain, widespread
pain and IBS. *OR = odds ratio for TMD
in people with 1, 2, 3 or 4 IPCs relative
to people with no IPCs



Odds of TMD Based on Number of Comorbid Conditions
(Maixner, et al, 2016, J Pain 17:T93-107)
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Sleep and TMD
• Both sleep quality (PSQI) and 

sleep apnea symptoms were 
associated with increased odds 
of chronic TMD and increased 
risk for TMD onset 1,2,3.

• Also, sleep quality deteriorated 
leading up to TMD onset4.

1. Fillingim, et al, 2011 J Pain 12:T46-60; 2. Sanders, et al, 2013 J Pain 14:T51-62; 3. Sanders, et al, 2013 J Dent Res
92:70S-77S; 4. Sanders, et al, 2016 J Pain 17: 669-77.



Clinical-Orofacial Factors Associated with TMD

Ohrbach, et al, 2011 J Pain 12:T27-45; 2013 J Pain 14: T33-50 

Chronic TMD TMD Onset
Non-specific orofacial symptoms Yes Yes

History of jaw injury Yes Yes

Parafunctional behaviors Yes Yes

Jaw function limitations Yes No

Body sites tender to palpation Yes Yes

Cranial sites tender to palpation Yes Yes

Pain on opening Yes Yes

Self-reported TMJ noises Yes Yes

Examiner verified TMJ sounds Yes No
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Global Psychological Symptoms

Stress and Negative Affectivity



Psychosocial Measures Predict First Onset TMD (OPPERA Study)
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Pain Sensitivity Factors Associated with TMD

Greenspan, et al, 2011 J Pain 12:T61-74; 2013 J Pain 14: T61-74.

Chronic TMD TMD Onset
Mechanical Pain Threshold Yes No
Mechanical Pain Ratings Yes No
Mechanical Temporal Summation Yes No
Mechanical Aftersensation Yes No
Heat Pain Tolerance Yes No
Heat Pain Ratings Yes Yes
Heat Temporal Summation Yes ?
Heat Aftersensation Yes ?
Cranial Pressure Pain Threshold Yes* No
Non-Cranial Pressure Pain Threshold Yes* Yes



PPTs Over Time in Persistent & 
Transient TMD Cases vs. Controls

147 New Onset TMD Cases 
- 72 persistent
- 75 transient

125 Controls

Data collected at:
- Visit 1: enrollment, before TMD onset
- Visit 2: at the time of onset
- Visit 3: six months after onset

All sites

Non-Cranial sites

Controls

Transient

Persistent

Slade, et al, 2014 Pain 155: 2134-43



COMT Haplotype, Pain Sensitivity & TMD Incidence
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Genetic Findings from OPPERA Data
Reference Gene(s) Findings
Smith, et al 20111 HTR2A (serotonin receptor gene)

NR3C1 (glucocorticoid receptor gene)
COMT (catechol-O-methyl-transferase)
OPRD1 (delta opioid receptor gene)NR3C1

Associated with chronic TMD, but none 
beat strict Bonferroni correction

Smith, et al 20132 SCN1A (sodium channel type 1, alpha subunit)
ACE2 (angiotensin-1-converting enzyme 2)

Associated with nonspecific orofacial 
symptoms

PTGS1 (prostaglandin-enodoperoxide synthase 1)
APP (amyloid precursor protein)

Associated with psychological symptoms

MPDZ (multiple PDZ domain) Associated with heat temporal summation
Martin, et al 20173 EREG (epiregulin)

EGFR (epidermal growth factor receptor)
Associated with TMD and with 
hyperalgesia in preclinical models

Smith, et al 20184 MRAS (muscle RAS oncogene) Associated with TMD in males only

1. Smith, et al 2011 J Pain 12:T92-101; 2. Smith, et al 2013 J Pain 14: T91-101; 3. Martin, et al 2017 J Clin Invest
127: 3353-66; 4. Smith, et al 2018 Pain ePub.



Low-Activity COMT Diplotype High-Activity COMT Diplotype

Both baseline stress and increases in stress (i.e. Perceived Stress Scale, PSS) during 
follow-up predicted incident TMD.  However, changes in stress interacted with COMT
diplotype in predicting TMD incidence. Each 1.0 SD increase in PSS scores more than 
doubled risk of TMD incidence in subjects with low-activity COMT diplotypes (hazard 
ratio = 2.35; 95% confidence limits: 1.66, 3.32), an effect not found in subjects with 
high-activity COMT diplotypes (hazard ratio = 1.42; 95% confidence limits: 0.96, 2.09). 

New Onset TMD

Controls



Summary of Epidemiology & Impact of TMD
• Common, affects more women than men, prevalence peaks in 30s & 40s
• Personal and societal impact is high
• High comorbidity with other pain and non-pain health conditions.
• Orofacial signs/symptoms associated with chronic TMD & risk for onset
• Psychological symptoms increased in chronic TMD cases, but also 

premorbid predictors of TMD onset
• Chronic cases show increased pain sensitivity, but most pain sensitivity 

measures did not increase risk of onset.
• Genetic factors contribute to TMD in complex fashion, sometimes via 

interactions with psychological factors.



Challenges confronting the TMD field



Challenges Regarding TMD
1. Acknowledging the disorder
2. Patient assessment
3. Professional education
4. US TMD prevalence vs 

workforce
5. Clinical decision-making
6. Clinical practice
7. Research



Credit: Work in progress for GBD of TMD/OFP by Mark Drangsholt and University of Washington 

Acknowledging the disorder

DALYs (Disability adjusted life years) = Death (years life lost) + Disability (years lived w/disability = prevalence x disability wt)

Murray & Lopez, 1996

Example of preliminary TMD Disability Weights 

0.22 Mod TMD

0.05 Mild TMD

0.40 Severe TMD 

TMD
(estimates)



DC/TMD Axis-2 Assessment model
Domain Instrument # items Comp eval Screen

eval
Brief

eval *

Pain locations Pain drawing 1 � � �

Pain intensity Graded Chronic Pain Scale (GCPSv2) 3 � � �

Pain persistence Graded Chronic Pain Scale (GCPSv2) 1 � � �

Physical function Graded Chronic Pain Scale (GCPSv2) 4 � � �

Limitation Jaw Functional Limitation Scale-8 8 �

Limitation Jaw Functional Limitation Scale-20 20 �

Distress Patient Health Questionnaire-4 4 � �

Depression Patient Health Questionnaire-9 9 �

Anxiety Generalized Anxiety Disorder-7 7 �

Physical symptoms Patient Health Questionnaire-15 15 �

Parafunction Oral Behaviors Checklist (OBC) 21 � �

TOTAL ITEMS 81 42 13
* Not part of published DC/TMD



Sharma S, Breckons M, Brönnimann Lambelet B, Chung J-W, List T, Lobbezoo F, Nixdorf DR, Oyarzo JF, Peck C, Tsukiyama Y, 
Ohrbach R. Challenges to Implementation and Utility of a Biopsychosocial Model for Assessment and Management of 
Orofacial Pain. In review.
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co m p reh en sive  
screen ers, an d  
m en tal h ealth  
in terv iew s; research  
n eed ed  to  
d o cu m en t efficacy 

H ealth  Literacy and  
Education

D ifferen t 
ed u catio n al 

stan d ard s acro ss 
cu ltu res in flu en ce 
sco p e o f d en tal 
train in g

Lim ited  p ro vid er 
ed u catio n  regard in g 
p ain  an d  th e 
b io p sych o so cial 
m o d el lead s to  p o o r 
treatm en t o u tco m es 

A b sen ce o f 
treatm en t stan d ard s 
lead s to  

id io syn cratic 
treatm en t 
reco m m en d atio n s

*Use p u b lish ed  
stan d ard s fro m  

exem p lar p ro gram s 
fo r im p ro vin g 
clin ical scien ce an d  
b io p sych o so cial 
m o d el train in g in  
u n d ergrad u ate 
d en tal cu rricu lu m  

A ssess p ro cess-
o rien ted  exp erien ce 
in  u sin g A xis-II 

In co rp o rate  
p sych o so cial facto rs 
in to  th e b eh avio ral 
rep erto ire  o f 
clin ician s an d  
im p ro ve 
p sych o so cial 
ap p ro ach  in  T M D  
m an agem en t

Pro vid ers m in im ize  
u se o f gu id elin es

Psych o lo gical 
in terven tio n s are  

u n d eru tilized  even  
th o u gh  stro n gly  
su p p o rted

*Im p ro ve train in g o f 
p ro vid ers an d  
im p ro ve kn o w led ge 
regard in g p atien t-
cen tered  o u tco m es 
an d  co st-
effectiven ess o f 
gu id elin es

In vo lve  all stake-
h o ld ers in  th e 
im p lem en tatio n  o f 
gu id elin es

H ighest priority item s have been  m ark ed  w ith  an  asterisk

Several core issues emerged
1. Minimizing the recognition of mental health influences recognition of illness

2. Training in use of validated multi-axial assessment protocols is essential, and 

3. Clinical assessment must recognize that pain necessarily incorporates both 
sensory and emotional dimensions in order to adequately address illness. 

These topics and issues will require action at multiple levels in order to improve 
patient care globally. 

TMD/OFP educators and researchers need to: 
1. Be sufficiently educated regarding the biopsychosocial model; 

2. Develop evidence-based biopsychosocial guidelines for the assessment and 
management of orofacial pain conditions; 

3. Ensure full implementation of this model in the undergraduate and 
postgraduate dental curricula; and 

4. Be responsive to stakeholders, including regulatory authorities and 
practitioners.
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Topic Implementation Utility
Challenges Recommendations Challenges Recommendations 

Culture and Society

English version of 
instruments may 
embed cultural bias 

Stigma may 
influence illness 
behavior, affecting 
diagnosis and 
treatment 

Psychosocial 
interpretation is 
culture-dependent

*Configure 
translation teams to 
represent the 
culture: adapt 
instrument and its 
guidelines to the 
setting  

Investigate cultural 
and ethnic stigma 
regarding illness 
behavior and 
mental health; and 
improve health 
literacy

Develop within-
culture 
interpretation 
guidelines

Multiple 
stakeholders hold 
different 
perspectives 
regarding adequate 
care

Patients, providers, 
and cultures have 
different 
perspectives about 
bio-behavioral 
assessment 

Psychosocial 
assessment is not 
native to dental 
settings: providers 
and patients are 
uneasy

Cross-cultural 
research is 
hampered by 
culture-specific 
modes of data 
storage 

All stakeholders 
need to contribute 
to the solutions

Assess instrument 
validity cross-
culturally, and 
develop empirical 
norms and policies 
whereby 
stakeholders can 
work within the 
rules and 
assumptions of the 
culture for accurate 
evaluations

Improve health 
literacy of the 
culture; improve 
biopsychosocial 
literacy of the health 
providers

Develop 
collaborations with 
regulatory agencies

Extend TMD 
research to include 
broader pain field

Settings

Inherent differences 
across different 
settings make it 
difficult to 
standardize the 
implementation of 
Axis-II

*Improve 
continuing 
education of 
providers

Start implementing 
simple screeners, 
standardized across 
settings for uniform 
assessment, and 
build capacity for 
improved 
assessment 
frameworks

Widespread dental 
setting assumption 
is that dental care 
delivery resides 
outside Axis-II 
constructs

Use simple self-
report screeners in 
primary settings for 
all dental problems, 
and test the utility

Implement 
comprehensive Axis-
II assessment in 
referral settings

Health Services 

Whether Axis II 
utilization could 
provide savings via 
better health or 
increase costs due 
to provider 
demands is 
undetermined

Effect of income 
disparity on access 
to higher level 
health services

Axis-II instruments 
need thresholds to 
classify, refer, and 
monitor expected 
progress

*Axis-II utilization 
outcomes needed 

Simplify complex 
clinical treatment 
protocols in order to 
accommodate 
patient factors

Develop accessible 
materials, especially 
for comprehensive 
self-care

Develop 
infrastructure for 
provision of bio-
behavioral care

Advocacy for 
improved health 
coverage

What extent of Axis-
II information is 
needed to 
effectively partition 
patients into low vs 
high treatment 
needs?

Insufficient and 
inadequate 
treatment studies of 
TMD, especially 
linking treatment to 
risk determinants

Systematic research 
regarding individual 
measures, sets of 
measures, and 
cluster models, and 
matching patient 
profiles to outcomes 
from adaptive 
treatment designs is 
needed

Instrument and 
Constructs

DC/TMD Axis-II 
protocol largely 
developed by 
expertise from 
Europe and North 
America, which may 
bias construct 
selection for 
measurement vs 
phenomenological 
experiences of pain 
that differ cross-
culturally

Effects of 
unintended factors 
on patient 
responses

Cultural differences 
in construct 
interpretation and 
implication

*Continue INfORM 
workshops with 
broad 
representation in 
order to continually 
assess Axis-II 
content and cross-
cultural applicability 
and further tailor 
Axis-II instruments 
to cultural 
requirements

Test cross-cultural 
validation with 
appropriate 
statistical models 
and high-level 
clinician skills 

Use representative 
samples and 
methods (especially 
qualitative) to assess 
cultural fit of 
instrument 

Unknown value of 
using Axis-II in most 
orofacial pain 
diagnoses 

Cannot map tailored 
treatment decisions 
to Axis-II 

Experience of TMD 
is heterogeneous 
compared to 
standardized 
assessment 

No empirical data 
supports differential 
efficacy of Axis-II 
levels of severity

*Further research 
regarding  
standardized 
assessment 
approaches, 
including 
incorporation of 
patient’s 
expectations and 
cultural values into 
treatment decisions, 
and matching care 
according to patient 
profiles 

Qualitative research 
of TMD pain 
experience vs 
instrumental 
assessment, 
informed by model 
pain processing 
models

Titrate level of 
assessment within 
clinical best 
practices, using 
ultra-brief 
assessment, 
comprehensive 
screeners, and 
mental health 
interviews; research 
needed to 
document efficacy 

Health Literacy and 
Education

Different 
educational 
standards across 
cultures influence 
scope of dental 
training

Limited provider 
education regarding 
pain and the 
biopsychosocial 
model leads to poor 
treatment outcomes 

Absence of 
treatment standards 
leads to 
idiosyncratic 
treatment 
recommendations

*Use published 
standards from 
exemplar programs 
for improving 
clinical science and 
biopsychosocial 
model training in 
undergraduate 
dental curriculum 

Assess process-
oriented experience 
in using Axis-II 

Incorporate 
psychosocial factors 
into the behavioral 
repertoire of 
clinicians and 
improve 
psychosocial 
approach in TMD 
management

Providers minimize 
use of guidelines

Psychological 
interventions are 
underutilized even 
though strongly 
supported

*Improve training of 
providers and 
improve knowledge 
regarding patient-
centered outcomes 
and cost-
effectiveness of 
guidelines

Involve all stake-
holders in the 
implementation of 
guidelines

Highest priority items have been marked with an asterisk

Several core issues emerged
1. Minimizing the recognition of mental health influences recognition of illness

2. Training in use of validated multi-axial assessment protocols is essential, and 

3. Clinical assessment must recognize that pain necessarily incorporates both 
sensory and emotional dimensions in order to adequately address illness. 

These topics and issues will require action at multiple levels in order to improve 
patient care globally. 

TMD/OFP educators and researchers need to: 
1. Be sufficiently educated regarding the biopsychosocial model; 

2. Develop evidence-based biopsychosocial guidelines for the assessment and 
management of orofacial pain conditions; 

3. Ensure full implementation of this model in the undergraduate and 
postgraduate dental curricula; and 

4. Be responsive to stakeholders, including regulatory authorities and 
practitioners.
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Professional 
education

DDS education inadequate
• Pain
• Clinical decision-making under uncertainty 
• Disease management
• CODA principles contribute to this problem

Medical education inadequate 
regarding TMD and jaw system

• Medical school
• Residencies and specialties

Specialty recognition within 
dentistry limits the field

• Graduate programs
• Faculty development
• Training of capable recognized specialists

Advanced TMD education
• Vast differences in training within DDS and TMD/OFP specialty
• American Board of Dental Specialties recognizes orofacial pain, but ADA 

does not

US TMD 
prevalence 
vs 
workforce*

Chronic TMD prevalence: 6.2%? • Prevalence from true population studies [4.5 – 8.2%; mean ~6.2 %]

Estimate of practitioners who 
diagnose AND manage TMD using 
evidence-based principles = 840

• Provider [Number] x [Full Time Equivalent %] x [% doing care] = total
• Orofacial pain specialists = [500]  x  ~60% x  100% = 300
• Oral Medicine specialists = [300]  x ~50% x  90% = 135
• General dentist w/ advanced TMD training = [~1000] x 50% x 50% = 250 
• Oral Maxillofacial Surgeons = 5280 x ~100% x 4% = 280
• Physicians (all types) = 1,000,000 x ~100% x 0.01% = 100

1 provider / 20,300 TMD Cases • 1065 Providers vs 21,600,000 with TMD 

Provider qualifications • Multiple types of providers: who is qualified?
• Where are they located?

* Work in progress for GBD of TMD/OFP by Mark Drangsholt and University of Washington 



Clinical 
decision-making

Orofacial pain 
conditions are 
complex

• Differential diagnosis challenging
• No reliable technological tests or documented biomarkers for confirmatory TMD 

dx
• Comorbid disorders add further complications

Interpreting 
treatment response

• Positive or negative response misinterpreted: poor understanding of placebo, 
regression to the mean, natural sx fluctuations, pseudo-success of overtreatment

• Errors in interpretation lead to either perpetuation of disability or unnecessary 
escalation of treatment

Clinical practice

Dentists want 
simplicity

• “Axis I is too difficult to learn, too time-consuming in practice”
• Assessing person-level of pain requires time and different skills

Financial • Heavy marketing by ”specialists” and financial incentive to sell unproven 
diagnostic modalities and radical treatments

• Reimbursement for “diagnosis” on dental code inadequate
• Exclusion of the TMJ/jaw on many medical insurance plans 

Physicians and 
other providers

• Physicians in general are willing to recommend initial simple self-care 
remedies for TMD, and a minority of physicians are willing to provide 
treatment for TMD, but most want dentistry to embrace this disorder 
that has more functional and diagnostic overlap with dental knowledge

Impact of non-
specialty

• Well-trained providers are often not well-known or identified in the 
community



Research: 
disorder-
focused

Pain is a process Reductive vs systems-level perspectives on pain as a process, embedded in both illness 
and disease

What is chronic muscle 
pain?

Understanding muscle pain drives plausible peripheral (nociceptive?) vs central models 
regarding where treatment should be focused

Local disorder vs co-
morbidity

Definitions, models, measurement scales, statistics, scientific literacy…

The role of structural 
pathology in TMD onset 
or maintenance

Untenable or unsupported dental-centric theories to date. Consequently, science 
discarded role of structure underlying TMD, and NIDCR patient guidelines highlight that 
dental structure does not cause TMD. Integration of any structural pathology with 
prevailing models of idiopathic pain will require overcoming a polarized landscape of 2 
independent camps: complex multi-factor theory, vs traditional structural theory

Severe TMJ pathology Medical legacy, implants, training, devices…

Research: 
institutional 
and societal

Does “oral” health have 
a dental boundary?

FDI definition of oral health is inclusive and links to medicine, but the commonly 
accepted definition of oral health ignores orofacial pain and functioning of the 
masticatory system

The body vs the health 
care system

Restrictions on treatment models imposed by limitations imposed by the health care 
payment system, and restrictions in access to care imposed by dividing the body into 
dental vs medical vs neither 

Acceptable clinical trials 
designs

Guidelines for clinical trial design supporting treatment efficacy studies – especially those 
that target modifiable risk factors

Research funding Research & treatment complexity are inversely related to seeming simplicity of the joint
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