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This Journal of Pain Compendium presents the initial outcomes from the first large
population-based study designed to identify the biopsychosocial and genetic risk factors that
contribute to the onset and persistence of painful temporomandibular joint disorders (TMD)
– The OPPERA Study. This study is supported by NIDCR Cooperative Agreement U01
DE017018 that was initiated September 22, 2005.

Overview
Temporomandibular disorders (TMD) consist of a heterogeneous family of musculoskeletal
disorders that represent the most common chronic orofacial pain condition16, 17, 57.
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Debilitating forms of TMD are associated with persistent pain in the region of the
temporomandibular joint, the periauricular region, and muscles of the head and
neck16, 17, 57. Five percent of US adults in the 2002 National Health Interview Survey
reported TMD-type pain (6% of women, and 3% of men)35, while an examination-survey of
a representative sample of females in New York City found that 10% had examiner-
diagnosed TMD36. Individuals with TMD rate the intensity of its pain at 4.3, on average,
using a 0–10 scale, which is comparable to the average intensity rating of 4.7 for back pain
among people with that condition70. While the natural history of TMD has not been well
studied, TMD has been reported to remit over a 5-year observational period in 33 to 49% of
diagnosed cases and to remain persistent or recurrent in the remainder56, 59.

TMD exerts a considerable burden on the population. It has been estimated that TMD results
in 17,800,000 lost work days per year for every 100,000,000 working adults in the United
States18 and that approximately 85% of the cost of treating TMD is associated with the
treatment of a small portion of the patients who develop persistent pain and dysfunction25.
As such, there is a substantial need to identify the risk factors that lead to the onset and
maintenance of TMD.

Most epidemiological studies of TMD have been limited to cross-sectional or case-control
designs and have largely relied on convenience samples. These studies consistently report
higher prevalence in females than in males, with a female to male ratio ranging from 2 to 1
in the general population to 8 to 1 in clinical settings4, 66. Numerous risk factors have been
implicated, including: joint and muscle trauma, anatomical factors (e.g., skeletal and
occlusal relationships), pathophysiological factors (e.g., bone and connective tissue
disorders, hormonal differences, sensitization of peripheral and central nervous system pain
processing pathways) and psychosocial factors (e.g., depression and anxiety, emotional and
perceptual responses to psychological stressors)6. However, due to the cross sectional study
design of these studies, it remains unclear if many of those putative risk factors predated
TMD onset, and therefore represent causal influences on the risk of developing TMD the
condition, or whether the putative risk factors were a consequence of TMD.

Significant improvements in study design occurred with the work of Dworkin and
colleagues who led the development of valid and reliable diagnostic methods and undertook
a prospective study of enrollees in the Group Health Cooperative of Puget Sound6, 16, 70, 71.
At baseline, they estimated the prevalence of painful TMD to be 12.1%, with a female to
male ratio of approximately 2:1. Based on TMD symptoms reported in follow-up interviews,
the annual incidence of TMD was 2%, with females tending to show a higher incidence rate
than males71. Two risk factors were predictive of elevated incidence of TMD: a reported
history of pain at other bodily sites, and positive responses to questions associated with
depression. In the only prospective cohort study to have used clinical examinations to
diagnose first-onset TMD, the annual incidence rate was 3.5% in the cohort of 171 females
aged 18–34 years who were followed for up to three years.11, 64

Based on the preceding evidence and the biopsychosocial model of TMD proposed by
Dworkin and coworkers15, we created a heuristic model of causal influences contributing to
onset and persistence of TMD and related conditions (Figure 1)12. This model proposes that
TMD, and its associated signs and symptoms, are influenced most proximally by two sets of
intermediate phenotypes: psychological distress and pain amplification. Each of those
intermediate phenotypes represents a constellation of more specific risk factors located
distally in this causal web, (e.g. risk factors contributing to pain amplification include pro-
inflammatory states, impaired pain regulation, cardiovascular function and neuroendocrine
function). There probably are synergistic effects between the two main intermediate
phenotypes, such that the effect on TMD of one intermediate phenotype is enhanced by the
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other intermediate phenotype. Meanwhile, interactions between intermediate phenotypes
and the contributions of more distal risk factors all take place in the presence of
environmental contributions that further contribute to onset and persistence of painful TMD.
The most distal contribution comes from genetic regulation of biological mechanisms that
determine expression of intermediate phenotypes and their associated risk factors. Time is
not depicted in the model, because its effects occur implicitly on a third dimension that is
not readily shown in the diagram. However, time is recognized as an inevitable
consideration in models of risk for chronic pain, because passage of time is a requirement
for development of chronic pain.

Socio-demographic and clinical factors predictive of TMD
In cross-sectional and case-control studies, frequency of TMD is consistently greater in
females than in males. In adults, age-specific prevalence displays an inverted U relationship,
being greatest among people in their 40s, and lower in both younger and older age groups.
However, in the prospective cohort study of TMD conducted among HMO enrollees in
Seattle, WA,71 the risk of developing TMD, as reported by subjects who completed follow-
up interviews, was only marginally elevated for females compared with males (relative risk
=1.6, P>0.10). There were progressively lower incidence rates of TMD onset among people
aged 45–64 and 65+ compared with 18–44 year olds, although the differences were not
statistically significant. The more robust gender differences in prevalence observed in
studies of clinic-based vs. population-based samples suggest that gender-related factors are
more strongly associated with health care seeking and perhaps severity of the condition than
with TMD onset per se.

While it is clear that race and ethnicity are associated with clinical and laboratory pain
reporting19, 20, 28, their role as risk factors for TMD onset is unknown. Because lower socio-
economic status is frequently confounded with ethnic and racial status in the US, the actual
role of culture, ethnicity or race, as risk factors is similarly unknown, but obviously merits
attention for both scientific and public health reasons28. Plesh and colleagues58 reported that
after adjusting for socio-economic status, facial pain was significantly more common among
Caucasian compared to African American women between the ages of 19 and 23.
Consequently, the reliable demographic factors associated with prevalence of TMD pain
remain gender and age. The primary clinical factor associated with TMD pain onset is the
presence of other pain conditions2, 29, 37, 42 although prospective cohort studies of people
with TMD report that baseline TMD clinical findings themselves are remarkably unrelated
to the progression of TMD pain56, 59. There remains a substantial need to determine the
incidence of TMD onset and persistence in the population.

Pain Amplification as a Determinant of TMD Onset and Persistence
The second specific scientific aim of the OPPERA study examines the role of pain
amplification in the onset and persistence of TMD. “Pain amplification” refers to alterations
in peripheral and central nervous system processes that have the net effect of amplifying the
perceptual response to nociceptive stimuli. Pain amplification is conceptualized as a general
construct that subsumes more specific phenomena (e.g., hyperalgesia, allodynia, central
sensitization). The mechanisms contributing to pain amplification are believed to include
both decreased function in pain inhibitory systems and enhancement in pain facilitatory
pathways. Pain amplification represents both a trait-like characteristic potentially conferred
by genetic endowment, but also a phenotype that can develop over time in response to
emergent biological processes and/or environmental exposures. Pain amplification manifests
as heightened responsiveness to quantitative sensory testing as well as spontaneous clinical
pain from deep tissues such as muscles, joints and visceral organs.
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In one of the few prospective studies of TMD onset, the most consistent predictor of
developing a chronic pain disorder was the presence of another chronic pain condition at the
baseline session70. Factors that influence pain sensitivity, psychological factors, and
symptom perception may contribute to the development of a variety of chronic pain
conditions independent of anatomical sites. Other prospective studies have shown
widespread pain is a risk indicator for dysfunction associated with painful TMD37 and
predicts lack of response to treatment.

The outcomes of several case-control studies suggest that TMD risk is influenced by a state
of pain amplification43–45, 63. Specifically, in comparison to TMD-free controls: 1) TMD
cases report lower thresholds of pain in response to mechanical pressure applied to the face
or wrist; 2) TMD cases report greater magnitude estimates of pain in response to heat pulses
applied to the face or the forearm; 3) TMD cases show greater temporal summation (i.e.,
wind-up) of pain to repetitive thermal and mechanical stimuli; and 4) TMD cases
demonstrate lower pain thresholds and tolerances to arm ischemia. In one of the few
prospective studies of clinically-diagnosed, first-onset TMD, individuals who were sensitive
to noxious stimuli were significantly more likely to develop painful TMD than those who
were less pain sensitive (risk ratio = 2.7).11 An important yet unresolved question is whether
baseline pain sensitivity influences the severity and persistence of pain experienced by
individuals who develop TMD. It has been shown that severity of TMD-related pain
reported by patients with TMD is associated with their sensitivity to standardized noxious
stimuli24 and a possible linkage of pain persistence with clinical measures of pain report has
been suggested21. There remains a substantial need to determine whether pain sensitivity is
a risk factor for TMD onset and persistence.

Psychological Determinants of TMD Onset and Persistence
In addition to pain amplification, multiple psychological factors have been implicated as
potential risk factors for the development of painful TMD. Several studies have reported that
patients with TMD express high levels of depression, and anxiety5, 39, 69, and exhibit more
frequent symptoms of stress than pain-free controls3. Yet, Von Korff and coworkers70

reported no relationship between rates of onset of back pain, abdominal pain or painful
TMD and severity or chronicity of depressive symptoms. Furthermore compared to non-
depressed subjects, subjects with moderate to severe depressive symptoms are about equally
likely to develop TMD (odds ratio of 1.2 to 1.6).

A more than two-fold elevation in odds of TMD has been associated with relatively high
levels of somatic awareness59, which is the tendency to report numerous physical symptoms
in excess of that which can be explained by clinically signs and symptoms22. In a
longitudinal study, Ohrbach and Dworkin56 reported that somatic awareness scores
decreased in TMD patients who reported substantial improvement in facial pain after 5 years
and that baseline somatic awareness scores predicted levels of pain following treatment46.
Somatic awareness is also highly associated with widespread pain and the number of muscle
sites painful to palpation72, as well as with progression from acute to chronic TMD26. In a
prospective study that of 171 initially TMD free females followed for up to three years, we
found that anxiety, depression and perceived stress each were significant risk factors for
examiner-verified TMD onset (risk ratios ranging from 2.1 to 6.0)64. Given these findings,
there is a substantial need to document the relationship between pre-existing psychological
characteristics and the onset and persistence of TMD.

Genetic Factors Influencing the Risk of TMD Onset and Persistence
Genetic variants that impact pain sensitivity and psychological traits, when coupled with
environmental factors such as physical or emotional stress, may interact to produce a
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phenotype that is vulnerable to TMD (see Figure 1). As recently reviewed by Diatchenko et
al.13 both clinical and experimental pain perception are influenced by genetic
factors8, 11, 50, 54, 76. Although the relative importance of genetic versus environmental
factors in human pain perception remains unclear, reported heritability for nociceptive and
analgesic sensitivity in mice is estimated to range from 28% to 76%50, and similar
heritability estimates have been reported for clinical pain and experimental pain sensitivity
in humans54, 55. Several recent studies have also established a genetic association with a
variety of psychological traits and disorders. Comparisons of concordance rates in dizygotic
and monozygotic twins have established that 30%-50% of the individual variability in risk to
develop a given anxiety disorder is due to genetic factors27. The heritability of unipolar
depression appears to be remarkable, with estimates between 40% and 70%41.

Given the multifactorial nature of TMD, a large number of genetic variants are expected to
contribute to the risk of TMD onset and persistence13, Advances in high throughput
genotyping methods have led to discoveries that numerous genes are associated with TMD
depression, anxiety, stress response, somatic awareness, affective disorders, and chronic
pain has increased within the last few years. The same psychological characteristics are
hypothesized to be intermediate phenotypes for TMD in the OPPERA heuristic model. A
partial list includes genes that encode serotonin transporter (5-HTT)7, 27, 41, cyclic AMP-
response element binding protein 1 (CREB1)75, monoamine oxidase A (MAOA)10, 38,
serotonin 1A and 1B receptors27, 41, 52, 68, catecholamine-O-methyltransferase
(COMT)1, 11, 14, 30, 31, 38, 48, GABA-synthetic enzyme GAD6565, D2 dopamine receptor
(DRD2)40, glucocorticoid receptor (GR)73, interleukines 1 beta (IL1β) and alpha
(IL1α)47, 62, 74, interleukine receptor antagonist (IL1ra)67, Na+, K+-ATPase (ATP1A2),
potassium channel alpha subunit KCNS19 and voltage gated calcium channel subunits
CACNA1A23 and CACNA2D353. For a comprehensive review see Diatchenko and
coworkers13. Because of interrelationships among several of these psychological variables,
which are associated with chronic pain conditions, it is expected several of the identified
genes will influence multiple psychological variables. As an example, it is known that,
common polymorphisms in the promoter of 5-HTT gene are associated with depressive
symptoms, diagnosable depression, suicidality in relation to stressful life events7, 41,
anxiety-related personality traits27, somatic awareness, and the development of TMD34.

To date, studies examining the heritability of painful TMD using twins and family-linkage
studies have failed to identify a genetic basis to this disorder32, 49, 60. Assuming the
multifactorial nature of TMD, these studies would require several thousand cases to have
sufficient power to measure the heritability of TMD61. The largest study conducted on TMD
patients included only 494 twins49, which as noted by the authors to be under powered and
had less than 50% statistical power to assess the heritability of the disorder. Twin studies
that have identified a genetic component to chronic pain traits have employed considerably
larger sample sizes. For example, estimation of heritability for common migraine, which
ranges from 34% to 57%, required a total of 29,717 twin pairs from six countries51.
Heritability of sciatica, which is estimated to be 20.8%, required 9,365 twin pairs to
detect33. Given the multifactorial nature of TMD, and the requirement for very large
population sizes to detect heritability in a twin study design it is not surprising that previous
approaches that have relied on under powered twin and sib pair studies have failed to
identify a genetic basis to this disorder. In contrast to these previous studies, we11 and
others34, have successfully implemented association study designs with modest numbers of
subjects (202 and 111, respectively) to identify and characterize polymorphisms in specific
genes (i.e, COMT, β2-AR, and 5HT transporter genes) that are associated with pain
processing and risk of TMD development. These positive findings have been enabled by the
greater statistical power produced by an association study design that assesses the
contributions of multiple genes to common multifactorial diseases compared to a familial-
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based linkage study that are capable of identifying relatively rare genetic variants that
contribute to single gene disorders with high phenotypic penetrance.61 There remains a
substantial need to identify genetic factors associated with the risk of TMD onset and
persistence.

OPPERA is the first large prospective study that has been specifically designed to examine
and identify biopsychosocial, environmental and genetic factors that contribute to the onset
and persistence of TMD. To accomplish the aims of OPPERA, a group of internationally
recognized scientists, with expertise in epidemiology, pain mechanisms, TMD diagnostics,
functional genomics, statistical genetics, bioinformatics, and biostatistics, in collaboration
with a highly recognized Data Coordinating Center (Battelle Memorial Institute) and the
National Institutes of Dental and Crainiofacial Research initiated a 7-year prospective cohort
study titled: Orofacial Pain Prospective Risk Evaluation and Assessment Study (see
www.OPPERA.org; Cooperative Agreement U01 DE017018). The primary goal of the
OPPERA study is to identify the psychological and physiological risk factors, clinical
characteristics and associated genetic mechanisms that influence the development of TMD
(i.e., factors that lead to the onset of TMD). Additionally, this study seeks to characterize the
biological pathways through which these genetic variations causally influence TMD risk.

The stated methodological goals of OPPERA were to:

a. Undertake a prospective cohort study of 3,200 initially TMD-free individuals
recruited from major ethnic and racial strata at four study sites, identifying an
anticipated 204 incident cases of first-onset-TMD during a 5-year follow-up period.

b. Undertake a case-control study by recruiting 192 people with chronically
symptomatic TMD identified during cohort recruitment whose history of TMD
precludes them from enrolment in the prospective study.

c. Measure in both groups predictors of TMD risk, including both non-causal
predictors (Aim 1) and etiological factors (Aims 2–4), analyzing their individual-
and joint-effects using a conceptual, causal model for TMD that we have developed
based our own studies and other published research.

These epidemiological data will be used to address four specific scientific aims to determine
if:

1. Socio-demographic characteristics thought to be predictive of TMD (e.g., younger
age, female sex, white race) are associated with elevated risk of first-onset TMD
and increased odds of chronic TMD;

2. Heightened responsiveness to noxious stimuli, delivered using standardized pain
measurement procedures, together with biological processes associated with this
heightened responsiveness (e.g. resting arterial blood pressure) contribute to the
risk of first-onset TMD;

3. Pre-existing psychosocial profiles commonly observed with chronic pain
conditions (e.g., depression, somatic awareness, anxiety, perceived life stress and
stressful life events) are associated with elevated risk of first-onset TMD; and

4. Genetic variations in candidate genes that influence pain amplification and
psychological profiles are associated with elevated risk of first-onset and chronic
TMD; and if so, to identify the biological, psychological and clinical pathways
through which these genetic variations causally influence TMD risk.

In this first set of manuscripts we describe study designs and data collection methods for the
four studies that comprise OPPERA. Data from the OPPERA baseline case-control study of
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chronic TMD are used to investigate associations between occurrence of TMD and five
domains of putative risk factors: sociodemographics, clinical characteristics, responses to
standardized noxious stimuli measuring pain amplification, measures of cardiovascular
function, psychological characteristics, and a selected panel of over 300 genes thought to be
involved in pain perception. The primary analyses in this first set of papers seek to identify
putative risk factors that are associated with chronic TMD in the OPPERA case-control
study. Other analyses evaluate variations in putative risk factors according to sex, race/
ethnicity, and age. For the measures of pain amplification, cardiovascular function and
psychological characteristics, we present findings from initial principal components analyses
that explore dimensions that might underlie the numerous measures within each domain.
After completion of follow-up data collection from people in the OPPERA prospective
cohort study, we will publish other manuscripts that focus on the identification of
biopsychosocial and genetic risk factors for TMD onset and persistence.
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Appendix Materials

Figure.
Organizational, Management, Oversight Structure:
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Figure 1.
This model displays two principal intermediate phenotypes (psychological distress and pain
amplification) that contribute to onset and persistence of TMD. Each intermediate
phenotypes represents a constellation of more specific risk factors, all of which are subject
to genetic regulation. Interactions between intermediate phenotypes take place in the
presence of environmental contributions that further contribute to onset and persistence of
painful TMD. Time is not shown in the model, because its effects occur implicitly on a third
dimension that is not readily shown in the diagram.
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