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Aims: To investigate whether TMD-related characteristics are indeed specific 
to TMD or whether they are also associated with other chronic overlapping pain 
conditions (COPCs). Methods: In this cross-sectional study, 22 characteristics 
related broadly to TMD (eg, jaw kinesiophobia, overuse behaviors, and functional 
limitation) were measured in 178 painful TMD cases who were also classified 
according to four COPCs: headache, low back pain, irritable bowel syndrome, and 
fibromyalgia. Differences in mean subscale scores were compared according to 
individual chronic pain conditions and according to number of COPCs. Results: 
Headache, low back pain, irritable bowel syndrome, and fibromyalgia were each 
associated (P < .05) with higher values of at least one TMD-relevant characteristic. 
In the multivariable analysis, TMD was independently associated with 20 of the 
22 characteristics (P < .01), and other COPCs were associated variably. A critical 
threshold existed between the number of COPCs and TMD characteristics: all 
characteristics were elevated for subjects with ≥ 3 COPCs (P ≤ .01). Conclusion: 
The overlap between COPCs and characteristics typically regarded as specific 
to painful TMD has implications for treatment targeted at both the local TMD 
condition and the broader pain disorder underlying the COPC(s). In TMD patients, 
the overall burden of pain from COPCs may create a shift in the pain-processing 
systems that underlie these TMD-relevant characteristics. J Oral Facial Pain 
Headache 2020;34(suppl):s57–s72. doi: 10.11607/ofph.2582

Keywords:  chronic overlapping pain conditions, comorbidity, pain, measurement, 
TMD

It is useful to distinguish between generic and condition-specific 
measures when studying characteristics associated with chronic pain 
conditions, such as temporomandibular disorder (TMD), headache, 

irritable bowel syndrome (IBS), low back pain (LBP), and fibromyalgia. 
Alternative terms for disorders with these characteristics include idio-
pathic pain conditions,1 chronic overlapping pain conditions (COPCs),2 

central sensitivity syndromes,3 and functional pain syndromes.4 Each 
term is useful for certain contexts; for example, the term “idiopathic pain 
conditions” emphasizes that the assessment criteria selected for each 
disorder intentionally sidestep considerations of etiology or mechanism. 
To illustrate, etiology is not part of the criteria for primary headache.5 
Hereafter, the collective term “chronic overlapping pain conditions” is 
used, consistent with the current terminology favored by the National 
Institutes of Health.6

Generic measures are used because they are applicable to multiple 
COPCs, regardless of the anatomical location and clinical character-
istics of the COPC. For example, the Perceived Stress Scale (PSS) 
asks about an individual’s appraisal and coping with everyday stressful 
events, but is not tied to any particular stressor, such as a specific pain 
condition. Likewise, quantitative sensory testing (QST) is conducted at 
standardized locations whether or not they coincide with the location of 
the COPC—for example, heat pain thresholds are often measured on 
the forearm in TMD studies. Generic measures are informative because 
they might signify dysregulation in mechanisms that underpin multiple 
COPCs and might point to interventions that could be effective for pain 
regardless of its anatomical location. 
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In contrast, condition-specific measures assess 
attributes of a specific COPC (eg, TMD) or a sys-
tem underlying that COPC (eg, the masticatory sys-
tem). In some instances, condition- specific measures 
form part of the diagnostic criteria for the respective 
disorder. For example, possible hyperalgesia of the 
temporomandibular joints (TMJs) is evaluated with 
palpation when diagnosing TMD arthralgia. In other 
instances, condition-specific measures have treat-
ment implications. For example, pain-free opening 
may be informative when jaw-stretching exercises 
are considered in TMD patients who have limited jaw 
opening. 

Implicitly, the term “specific” signifies that a 
condition- specific measure is applicable to one pain 
condition but not to others. While it seems self-evident 
that a measure such as range of jaw opening is appli-
cable to TMD but not to, say, LBP or headache, re-
searchers seldom test that assumption. Certainly, other 
explanations are plausible—for example, if a patient 
with multiple COPCs has an underlying functional 
pain syndrome,4 it follows that an assumed condition- 
specific measure of one index pain condition might 
also be a marker of that underlying syndrome. This 
creates a clinical conundrum. To use the example of 
limited jaw opening in a TMD patient: Should jaw ex-
ercises be part of the treatment plan for TMD on the 
assumption that TMD is the only pain condition appli-
cable to range of jaw motion? Or, is limited jaw open-
ing a manifestation of a functional pain syndrome, 
requiring treatment targeting other COPCs that are 
part of that syndrome?

This paper investigates whether the putative mea-
sures germane to TMD are indeed specific to TMD or 
whether they are also associated with other COPCs. 
The other COPCs of interest were headache, IBS, 
LBP, and fibromyalgia. These conditions were select-
ed because they are often cited as components of 
more generic dysregulation of pain processing, as 
described for functional pain syndromes and the re-
lated concept of central sensitization. TMD represents 
an excellent index pain condition for investigating 
the general question regarding the presumed spec-
ificity of measures developed for an index condition 
because TMD classification is based on multiple 
well-validated examination criteria. In addition, each 
of the TMD-specific measures have validated mea-
surement scales that have face validity for TMD and 
that are seemingly not applicable to other COPCs.

Materials and Methods

Ethical Considerations
Reporting of this observational study conforms with 
the STROBE (Strengthening the Reporting of Obser-

vational Studies) guidelines.7 The primary data collec-
tion was from the National Institute of Dental and 
Cranio facial Research (NIDCR) Study Protocol 
12-0520-E, conducted in the second phase of the 
OPPERA project. The Office of Human Research 
Ethics at each participating institution reviewed and 
approved the study. 

Study Design, Setting, and Participants 
This cross-sectional design used data from adults 
originally recruited into the first phase of OPPERA 
(OPPERA-1) between May 2006 and May 2013. At 
that time, subjects aged 18 to 44 years were select-
ed for a community-based, case-control study of 
chronic TMD. 

The baseline case-control study (OPPERA-1) of 
chronic TMD enrolled 1,008 cases with examiner- 
verified painful TMD and 3,258 adults with examiner- 
verified absence of TMD to serve as controls. All 
subjects were recruited at the US academic health 
centers located at: University at Buffalo, Buffalo, New 
York; University of Florida, Gainesville, Florida; University 
of Maryland, Baltimore, Maryland; and University of 
North Carolina, Chapel Hill, North Carolina. Previous 
papers have described the details of recruitment and 
baseline data collection, as well as the methods used 
for a subsequent prospective cohort study of the 
TMD-free individuals who were followed up for up to 
5 years to investigate the incidence of first-onset 
TMD.8,9 This cross-sectional analysis reports find-
ings from the most recent wave of data collection in 
OPPERA-2. Between December 2014 and May 2016, 
attempts were made to contact all original enrollees 
in the OPPERA-1 case-control study. For those who 
consented and attended research clinics, data were 
then collected using clinical examinations, QST, car-
diovascular measures of autonomic function, blood 
samples, and self-report questionnaires. Further de-
tails of recruitment and data collection methods are 
provided elsewhere in this volume (see Slade et al, 
current issue).

Classification of COPCs 
The presence or absence of five COPCs was clas-
sified as described in detail elsewhere in this volume 
(see Ohrbach et al, current issue), and is summarized 
below. 

Painful TMD was classified by examiners accord-
ing to the Diagnostic Criteria for TMD (DC/TMD).10 
While additional diagnoses of TMD can be made 
using the DC/TMD, this study only classified painful 
TMD. In summary, to be classified as a painful TMD 
case, subjects had to have all four of the following 
characteristics: (1) history of orofacial pain in exam-
iner-verified locations of the masseter, temporalis, 
subman dibular, or TMJ area(s) that had occurred on 
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5 or more of the 30 days preceding the examination; 
(2) evoked pain in the same muscles and/or TMJ(s) 
following either palpation of those structures or jaw 
maneuvers; (3) reported familiarity of evoked pain, as 
judged by a positive response to the question: “Was 
the pain you felt [during palpation or jaw maneuver] 
familiar to the pain [or temporal headache] that you 
reported during the last 30 days?”; and (4) pain that 
was modified by jaw function, as judged by a positive 
response to the question: “During the last 30 days, 
was any of the pain modified by chewing hard food, 
opening the mouth, jaw habits such as clenching, or 
other jaw activities?”

Headache was classified using responses to 
a questionnaire designed for OPPERA that asked 
about symptoms of tension-type headache (TTH) and 
migraine during the preceding 12 months. Subjects 
who experienced more than one type of headache 
recorded responses separately for up to three differ-
ent types of headache. Questions about TTH were 
from the International Classification of Headache 
Disorders (ICHD), third edition.5 Symptoms of mi-
graine were based on questions used in the ID-
Migraine questionnaire.11 Migraine was classified when 
subjects reported headache(s) on 1 or more days per 
month and at least two of three symptoms accom-
panying the headache: nausea, sensitivity to light, or 
being kept from everyday activities. More informa-
tion is available elsewhere regarding this approach 
for headache classification (see Slade et al, current 
issue). For this analysis, headache was classified 
for any subject who reported symptoms consistent 
with TTH or migraine and who had experienced such 
headache(s) in the preceding 3 months. Overall, 
about 25% of the headache group had only TTH, 
while the remainder had either migraine alone or mi-
graine in combination with TTH.

Irritable bowel syndrome (IBS) was classified 
using responses to four questions about abdominal 
pain from the Rome III diagnostic criteria.12 Subjects 
were classified with IBS if they met both of the follow-
ing criteria: (1) abdominal pain on at least 1 day in the 
preceding 3 months that was not related to menstru-
al periods; (2) pain that was associated with at least 
two symptoms of bowel function (ie, pain altered by 
bowel movements; greater frequency of bowel move-
ments; less frequency of bowel movements; looser 
stools; harder stools).

Low back pain (LBP) was classified using re-
sponses to screening questions recommended for 
studies of back pain prevalence.13 Subjects were 
classified with LBP if they reported pain that occurred 
in the lower back (as illustrated to the participant with 
a shaded manikin drawing) during the preceding 3 
months that was not related to fever or menstruation 
and that restricted usual activities for at least 1 day.

Fibromyalgia was classified based on findings 
from an examination and questionnaire, consistent 
with the 1990 American College of Rheumatology 
(ACR) criteria.14 Subjects were classified with fibro-
myalgia when ≥ 11 of 18 body sites were tender to 
algometer-delivered pressure of up to 4.0 kg/cm2 
and when the tenderness occurred in both the axial 
skeleton and in at least one set of opposing diagonal 
quadrants of the body. Also, fibromyalgia cases had 
to report a history of pain lasting for at least 1 day per 
month in the preceding 3 months.

Overall, these classifications represent chron-
ic disorders. In another paper in this series (see 
Ohrbach et al, current issue), it was reported that 
pain had persisted for at least 6 months at the time 
of evaluation in nearly 100% of the participants for 
TMD, headache, and fibromyalgia each; in 88% for 
IBS; and in 93% for LBP. 

Demographic Characteristics
The following variables were collected and coded 
as follows: age (in years), sex (male, female), and 
race/ethnicity (white, non-Hispanic, Black/African 
American, Hispanic, other).

Assessment of Attributes Germane to TMD
This paper focuses on the attributes likely to be con-
sidered when clinicians make a thorough assess-
ment of patients with TMD myalgia or arthralgia. In 
principle, such attributes might be germane to TMD 
because they are a contributor to TMD (ie, as risk 
factors for onset, persistence, or aggravation of the 
condition), a consequence of TMD, or both. This 
study used validated measures of eight sets of attri-
butes that are germane to TMD:

1. Kinesiophobia related to the jaw is defined as 
fear of movement of the jaw. It was measured 
using the Tampa Scale for Kinesiophobia for 
TMD (TSK-TMD) questionnaire.15 The TSK-TMD 
has two subscales, activity avoidance and 
somatic focus, each representing the degree of 
agreement with the items within each subscale. 
The TSK-TMD follows the structure of the TSK16 
and equally represents a measure relevant to the 
fear-avoidance construct.17 The two-factor model 
via confirmatory factor analysis (comparative fit 
index [CFI] = 0.95, root mean square error of 
approximation [RMSEA] = 0.078) supports both 
subscales. Internal reliability of the subscales 
is 0.82 and 0.66 (Cronbach’s α), and temporal 
stability at 4 weeks for activity avoidance and 
somatic focus is 0.67 and 0.71 (intraclass 
correlation coefficient [ICC]), respectively.18  
Jaw-related kinesiophobia was conceived as 
both a contributor to and consequence of TMD.
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2. Parafunctional behaviors are defined as 
behaviors different from those required for, 
or associated with, expected jaw functional 
demands, such as mastication, swallowing, 
communication, or breathing.19 They were 
measured using the Oral Behaviors Checklist 
(OBC). The OBC presently yields a single score 
representing the frequency of 21 activities such 
as clenching, chewing gum, and holding objects 
between the teeth.20,21 Total score test-retest 
reliability at 2 weeks (ICC) is 0.88.22 It was 
reasoned that parafunctional behaviors could 
contribute to and be a consequence of TMD.

3. Limitations in using the jaw are defined as 
perceived limitation in using the jaw.23 They were 
measured using the Jaw Functional Limitation 
Scale (JFLS).24 The JFLS yields three limitation 
subscales: mastication, vertical jaw mobility, and 
verbal and emotional expression.25,26 Internal 
reliability of these subscales is 0.88, 0.84, and 
0.92 (Cronbach's α), respectively, and temporal 
stability at 1 to 2 weeks is 0.87, 0.94, and 0.56 
(concordance correlation coefficient [CCC] ρ), 
respectively. Validity, as assessed via known-
groups comparison, is excellent. A total score 
was also computed from the three subscales 
when all three component scores were available 
(Cronbach's α = 0.87 and temporal stability = 
0.87). Jaw limitation was considered primarily to 
be a consequence of TMD.

4. Nonspecific jaw symptoms that may represent 
subthreshold pain experience were evaluated in 
relation to the TMJ and/or masticatory muscle 
area using a checklist that asked about six 
symptoms in the preceding month: jaw stiffness, 
cramping, fatigue, pressure, soreness, and ache. 
These nonspecific symptoms might be markers 
of early behavioral and pathologic changes that 
undoubtedly represent a risk factor for TMD,27 
but may also be a consequence of TMD.

5. Jaw mobility was measured by examiners 
who instructed participants to perform three 
jaw maneuvers: pain-free opening, maximum 
unassisted opening, and maximum assisted 
opening. Examiners then measured the vertical 
distance in millimeters between the maxillary 
and mandibular incisors.28 These measures have 
excellent interexaminer reliability.29 The prevailing 
view in the literature is that jaw mobility limitation 
is a consequence of TMD, although in people 
without the condition, painful limitation might 
be a marker of early changes that contribute to 
TMD.27

6. Masticatory pain was assessed by examiners 
who asked participants if pain was evoked 
by jaw mobility (described previously) and/

or by palpation. Examiners also inquired 
whether evoked pain was familiar to the pain 
or the location-specific headache they had 
experienced in the past 1 month. For palpation 
pain via fingertip, a load of 1.0 kg was applied 
to defined sites in each of the masseter and 
temporalis muscles and around the lateral 
condylar pole of the TMJ, and a load of 0.5 kg 
was applied to each of the posterior mandibular 
and submandibular areas, the lateral TMJ pole, 
and the dorsal aspect of the TMJ pole. All areas 
were assessed bilaterally.28 Masticatory pain 
represents one of four criteria required for case 
classification; however, in people without the 
condition, it might be a marker of early changes 
that contribute to TMD.27

7. For mechanical status of the TMJ, a symptom 
questionnaire containing 14 items assessing 
TMJ clicking, locking, and functional TMJ pain 
was completed by all participants. The items 
were previously administered in OPPERA-1, and 
the results of item reduction via factor analysis 
were previously reported.30 That same factor 
model was used here for these items because 
it is simple, the present findings can be linked 
to prior published findings, and a new factor 
analysis in this sample did not produce any 
improvement in the factor model. This approach 
yields a 1-factor solution labeled “TMJ function 
by history” based on equal weighting of each 
of the 7 items retained by the factor model. 
The mechanical status of the TMJ might be a 
marker of anatomical and functional changes 
contributing to painful TMD and could represent 
a consequence of painful TMD.

8. Neck and below-the-neck pain from palpation 
were assessed by examiners at nine defined 
sites on each side of the body, as based on 
the 1990 ACR criteria for fibromyalgia.31 A 
load of up to 4 kg/cm2 was applied at a rate 
of 1 kg/cm2/second using a Wagner FPK 10 
algometer at each site. For each palpation site, a 
positive or negative report of pain was recorded. 
Three bilateral neck sites (occiput, low cervical, 
and trapezius) comprised the neck scale, and six 
bilateral body sites (second rib, supraspinatus, 
lateral epicondyle, gluteal, greater trochanter, 
and knee) comprised the below-the-neck scale. 
The measure is seen here primarily as a marker 
for comparison to the results of associations with 
the measures specific to TMD.

Hereafter, three labels are used for the above 
measures: (1) “measures germane to TMD” for all 
22 measures combined; (2) “DC/TMD–specific 
measures” for the 10 measures that are part of the 
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DC/TMD examination procedures (pain-free jaw 
opening, maximum assisted and unassisted jaw 
opening, familiar and nonfamiliar masticatory pain 
by motion and by palpation, and TMJ function by 
history); and (3) “TMD-relevant measures” for the re-
maining 12 of the 22 measures.

Statistical Methods
Raw values of each TMD measure were used to 
generate descriptive statistics for cases and controls 
of each COPC and according to number of COPCs. 
All other analyses of continuous variables used 
z-transformed values of the measure, and the data 
were weighted during analysis. The goal of data trans-
formation was to produce measures of association 
(eg, odds ratios [ORs], regression estimates) that 
could be readily compared between measures that 
use different scales of measurement. The goal of 
weighting was to adjust for the way in which study 
participants were selected in OPPERA-2. Weighting 
took into consideration the original sampling design 
for the OPPERA-1 case-control study (in which TMD 
cases were oversampled relative to their prevalence 
in the population) and to adjust for differential loss to 
follow-up of subjects between enrollment in OPPERA-1 
and participation in OPPERA-2. Such weighting is 
important for this analysis in order to make valid esti-
mates of association between any two variables (eg, 
TMD-related measures and headache) in a sample 
that was originally stratified according to a third vari-
able (the presence or absence of chronic TMD in 
OPPERA-1).32 The analytic weights for OPPERA-2 
were computed as the inverse of the sampling prob-
ability for OPPERA-1, multiplied by the inverse of the 
loss-to-follow-up probability between OPPERA-1 and 
OPPERA-2. With the exception of univariate statis-
tics describing the distribution of explanatory variables, 
all means, percentages, and measures of association 
were calculated using generalized estimating equa-
tions with the GENMOD procedure in SAS version 
9.4 (IBM), with analytic weights and robust error vari-
ance calculation.33 

The analysis first assessed associations between 
each measure and the presence or absence of each 
COPC using statistical methods for case-control 
analysis of cross-sectional data. Adjusted ORs were 
estimated in separate binary logistic regression mod-
els, one for each COPC, where the main explanatory 
variable was the standardized (using z-score trans-
formation) value of a single measure. The models ad-
justed for study site (four categories) and subjects’ 
demographic characteristics: age (years), gender (two 
categories), and race/ethnicity (five categories: white, 
black/African American, Asian, Hispanic, or other). 

A second set of analyses examined associations 
with the participant’s number of COPCs. For these 

analyses, the TMD measures were the dependent 
variables, and adjusted means of the measure were 
plotted according to the presence of 0, 1, 2, 3, 4, or 5 
COPCs. Covariates used when calculating adjusted 
means were study site and demographics (coded as 
described above). 

Across models, COPCs were modeled using 
three approaches in order to evaluate patterns of as-
sociation: (1) The number of COPCs was modeled 
as a categorical variable in order to evaluate potential 
nonlinear relationships with the explanatory variable, 
and pairwise comparions were tested for differenc-
es between subjects with no COPCs (the reference 
group) vs the other five possibilities (1, 2, 3, 4, or 5 
COPCs); (2) The number of COPCs was modeled 
as a continuous variable in order to reveal a potential 
linear relationship with the dependent variable, with 
a test of the null hypothesis of no linear relationship 
(β = 0); and (3) All five COPCs were modeled as 
separate binary predictor variables, and parameter 
estimates were tested for independent associations 
of each pain condition with the TMD measure. 

It was recognized that because painful TMD had 
a major influence on all measures germane to TMD, 
the adjusted means of the measures according to the 
presence of non-TMD COPCs (ie, 0 to 4 COPCs) 
were plotted and assessed for nonlinear and linear 
relationships, as described above.

Random forest modeling explored the multivari-
able associations of all measures with each binary 
COPC case classification. As described in detail in a 
previous OPPERA paper,34 random forest model 
methodology uses all potential explanatory variables 
(in this paper, measures germane to TMD) to create 
decision trees predicting the dependent variable 
(each pain condition). The goals were to identify indi-
vidual measures germane to TMD that make the 
greatest contribution, statistically, to the occurrence 
of each pain condition and to quantify the collective 
accuracy of all explanatory variables in predicting 
each pain condition. Random forests are nonpara-
metric statistical models that can handle interactions 
and nonlinear associations without the need to 
pre-specify the interactions or the form of the nonlin-
ear relationships. Due to this flexibility, random for-
ests demonstrate excellent classification performance 
across a broad range of tasks. For this paper, a sep-
arate random forest model was created for each pain 
condition, and predictor variables for each model 
were all 22 of the measures germane to TMD. Five 
steps are used to create each model34: (1) A random 
sample of study participants is selected with replace-
ment; (2) A random sample of predictor variables is 
selected, and each one is used to partition the data 
and create a decision tree; (3, 4) Steps 1 and 2 are 
repeated 1,000 times each; and (5) The estimated 
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probability of the dependent variable is then calculat-
ed as the average of all 1,000 probabilities. 

Missing values of explanatory variables were im-
puted using on-the-fly imputation, which is the decision- 
tree analog of multiple imputation.35 Through a 
combination of the bootstrap aggregating and ran-
dom subspace methods used in the construction of 
random forests, this classification performance is 
achieved without overfitting to the training dataset, 
thus maintaining good out-of-sample performance.36 
Associations of individual variables in the random for-
est models were quantified using variable importance 
scores, which estimate the relative contribution of 
each predictor to the model’s classification of true 
positives and true negatives. Overall classification 
performance of the models was quantified with area 
under the receiver operating characteristic curve 
(AUROC) and area under the precision recall curve 
(AUPR). In datasets with unequal numbers of cases 
and controls, AUPR is a better measure of classifi-
cation performance than AUROC, though no single 
metric can adequately capture classification perfor-
mance.37 However, both measures accord equal weight 
to false positives and false negatives, whereas the 
relative importance of those errors may vary accord-
ing to the pain condition. Therefore, the Brier score,38 
which provides an analog to mean squared error, was 
also computed, as well as proportion of variance ex-
plained for the binary prediction models. Mutual in-

formation provides sensible rankings of classifiers in 
scenarios (such as class imbalance) that can break 
ties prone to occur with more commonly used mea-
sures such as precision, recall, and AUROC.39 

Results

Demographic Characteristics and Descriptive 
Statistics
Sample counts and weighted estimates for demo-
graphic characteristics according to presence or ab-
sence of each COPC and the number of COPCs are 
presented in Table 1. Mean age was generally similar 
for both cases and controls of all COPCs and for the 
different numbers of COPCs. For TMD, headache, 
and fibromyalgia, a greater percentage of cases than 
controls were women, whereas for IBS and LBP, the 
controls were more likely women. In general, the per-
centage of women increased according to number 
of COPCs. The proportions of white and non-white 
individuals were generally similar for each COPC 
and for number of COPCs (Table 1). Appendix 1 (see 
all appendices in the online version of this article at 
www.quintpub.com/journals) presents descriptive 
statistics for the 22 TMD measures germane to TMD, 
reported separately for cases and controls of each 
COPC. Appendix 2 presents descriptive statistics 
according to number of COPCs.

Table 1   Descriptive Univariate Analysis for Demographic Characteristics of OPPERA Study 
Participants

Classification Group Weighted n Mean (SE) age, y % (SE) female % (SE) white

TMD Case 108 33.0 (0.6) 61.2 (3.6) 50.7 (3.7)

Control 547 35.4 (0.4) 57.0 (2.3) 52.2 (2.3)

Headache Case 201 34.6 (0.5) 71.1 (2.8) 55.5 (3.0)

Control 454 35.3 (0.4) 51.7 (2.6) 50.4 (2.6)

IBS Case 134 34.6 (0.7) 53.7 (4.0) 60.1 (3.9)

Control 521 35.2 (0.3) 58.7 (2.2) 49.8 (2.2)

LBP Case 99 37.6 (0.7) 56.7 (4.2) 62.9 (4.1)

Control 556 34.6 (0.3) 57.9 (2.2) 50.0 (2.2)

Fibromyalgia Case 24 34.3 (1.1) 77.2 (5.9) 52.7 (7.0)

Control 631 35.1 (0.3) 56.9 (2.0) 51.9 (2.0)

No. of COPCs 0 307 35.6 (0.5) 54.0 (3.1) 46.5 (3.1)

1 209 34.4 (0.5) 60.0 (3.7) 55.5 (3.7)

2 83 33.6 (0.8) 57.5 (4.8) 58.7 (4.7)

3 33 36.5 (1.1) 63.6 (5.8) 68.4 (5.6)

4 15 38.7 (1.4) 92.2 (4.7) 39.7 (8.6)

5 6 30.9 (1.7) 48.8 (15.1) 52.8 (15.1)

SE = standard error.
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Univariate Associations Between Individual 
COPCs and Measures Germane to TMD 
In the univariate analysis, each COPC was associ-
ated with most or all of the 22 measures germane to 
TMD, based on the nominal threshold of P < .05 for 
statistical significance. For painful TMD, there were 
21 significant associations; for fibromyalgia, 22; for 
low back pain, 18; for headache, 16; and for IBS, 
12. Because all measures were standardized as z 
scores, it is meaningful to compare the odds ratios 
(ORs) as measures of association with each COPC. 

With regard to the 10 DC/TMD–specific mea-
sures, 9 were associated with painful TMD, 6 with 
headache, 7 with IBS, 8 with LBP, and all 10 with fi-
bromyalgia. For pain-free jaw opening, the 5 signifi-
cant associations ranged from OR = 1.35 (IBS) to 
3.20 (fibromyalgia). However, there were fewer sig-
nificant associations for the two other measures of 
jaw mobility, and the associated ORs were no greater 
than 2.38. ORs were generally much larger for the six 
examiner- assessed measures of masticatory muscle 
pain, ranging up to 11.95 for the association between 
painful TMD and masticatory familiar pain. Fewer as-
sociations for TMJ function by history were signifi-
cant, and the largest OR was not greater than 3.17 
(for painful TMD).

As for the remaining 12 TMD-relevant measures, 
all 12 were associated with painful TMD, 10 with 
headache, 5 with IBS, 11 with LBP, and 12 with fi-
bromyalgia. Most associations were significant for 
the four examiner-assessed measures of neck and 
body pain, ranging from OR = 1.37 to 5.61; how ever, 
the strongest association was between neck pain 
and fibromyalgia, at OR = 24.52. Associations be-
tween nonspecific jaw symptoms and each of the five 
COPCs were all significant and ranged up to OR = 
8.78 for painful TMD. Similarly, the four measures of 
jaw functional limitation were associated mostly with 
painful TMD, headache, LBP, and fibromyalgia, but 
not with IBS. The same pattern was seen for the 
two measures for kinesiophobia. The largest ORs 
were for the associations between painful TMD and 
global score (OR = 3.12), JFLS opening (OR = 2.99), 
and somatic focus (OR = 2.46). The OBC measure 
of oral parafunctional behaviors was likewise signifi-
cantly associated with each COPC, although the OR 
did not exceed 3.08. A graphical depiction as a heat 
map showing strength of association is presented in 
an orange panel in Fig 1 and shows the standardized 
ORs reported in Table 2 that quantify the strength of 
association between measures germane to TMD and 
each individual COPC. 

Fig 1 Beta coefficient and standard error (SE) for the linear relationship of each measure with the number of COPCs. The orange panel 
is a heat map depicting standardized odds ratios (SORs) (reported in Table 2) that quantify the strength of association between mea-
sures germane to TMD and each individual COPC. The blue panel is a heat map depicting TMD measure z-score differences according 
to each COPC (data presented in Appendix 3). For example, the top row depicts the mean pain-free jaw opening z-score difference be-
tween cases and controls for each COPC. HA = headache; FM = fibromyalgia; (r) = reverse scoring (negative z scores used for SORs 
represent increase in odds of being a case associated with reduction of 1 SD in the value of the variable); MM = masticatory muscle; 
TMQ = Temporomandibular Questionnaire; JFLS = Jaw Functional Limitation Scale; V&E = verbal and emotional expression subscale; 
TSK = Tampa Scale for Kinesiophobia (activity and somatic subscales); OBC = Oral Behaviors Checklist. 

TMD measure

Pain-free opening (r)
Maximum opening (r)
Maximum assisted opening
MM pain: Motion
MM pain: Palpation
MM pain: Evoked
MM familiar pain: Motion
MM familiar pain: Palpation
MM familiar pain: Evoked
Neck pain: Palpation
Body pain: Palpation
Neck familiar pain: Palpation
Body familiar pain: Palpation
TMQ symptoms
TMJ function by history
JFLS: Chewing
JFLS: Opening
JFLS: V&E
JFLS: Global
TSK: Activity
TSK: Somatic
OBC: Total

Linear relationship be-
tween no. of COPCs and 
TMD measure, β (SE), P”

Univariate association of  
COPC with TMD measure

Independent association of  
COPC with TMD measure

0                0.5              1.0 
         z-score difference

2          4          6           8         10
                     SOR

TMD     HA      IBS     LBP     FM TMD     HA      IBS    LBP     FM

0.26 (0.04), < .01
0.14 (0.05), < .01
0.09 (0.05), .06
0.22 (0.04), < .01
0.40 (0.03), < .01
0.38 (0.03), < .01
0.29 (0.04), < .01
0.38 (0.04), < .01
0.39 (0.04), < .01
0.22 (0.04), < .01
0.24 (0.05), < .01
0.31 (0.04), < .01
0.30 (0.05), < .01
0.39 (0.04), < .01
0.27 (0.04), < .01
0.27 (0.04), < .01
0.25 (0.04), < .01
0.13 (0.04), < .01
0.26 (0.04), < .01
0.24 (0.04), < .01
0.24 (0.05), < .01
0.31 (0.04), < .01
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Table 2   Standardized Odds Ratios (SORs) of Measures Germane to TMD with 95% Confidence 
Limits (CL) for Individual COPCs, Adjusted for Study Site and Demographic Characteristics

TMD Headache

Measure SOR (95% CL) P SOR (95% CL) P

Pain-free jaw opening (r) 2.43 (1.73, 3.42) < .001 1.38 (1.08, 1.77) .010

Maximum unassisted jaw opening (r) 1.61 (1.16, 2.23) .005 1.11 (0.86, 1.43) .409

Maximum assisted jaw opening (r) 1.29 (0.95, 1.75) .099 1.08 (0.84, 1.39) .541

MM pain: Motion 3.01 (2.00, 4.52) < .001 1.25 (0.96, 1.64) .103

MM pain: Palpation 7.68 (5.39, 0.95) < .001 1.69 (1.30, 2.18) < .001

MM pain: Motion + palpation 8.74 (5.52, 3.85) < .001 1.56 (1.20, 2.02) .001

MM familiar pain: Motion 7.09 (3.47, 4.50) < .001 1.68 (1.23, 2.31) .001

MM familiar pain: Palpation 11.43 (6.60, 19.82) < .001 1.94 (1.44, 2.63) < .001

MM familiar pain: Motion + palpation 11.95 (7.12, 20.05) < .001 1.88 (1.41, 2.51) < .001

Neck pain: Palpation 2.74 (1.89, 3.97) < .001 1.23 (0.96, 1.57) .105

Body pain: Palpation 2.92 (1.92, 4.45) < .001 1.27 (0.98, 1.65) .072

Neck familiar pain: Palpation 4.21 (2.86, 6.20) < .001 1.69 (1.30, 2.20) <. 001

Body familiar pain: Palpation 3.82 (2.30, 6.33) < .001 1.41 (1.05, 1.90) .023

Nonspecific jaw symptoms 8.78 (5.33, 14.46) < .001 2.29 (1.68, 3.13) < .001

TMJ function by history 3.17 (2.37, 4.23) < .001 1.79 (1.33, 2.42) < .001

JFLS: Chewing 2.77 (1.83, 4.20) < .001 1.65 (1.27, 2.16) < .001

JFLS : Opening 2.99 (1.96, 4.56) < .001 1.43 (1.06, 1.94) .020

JFLS: Expressiveness 1.77 (1.29, 2.45) < .001 1.22 (0.97, 1.54) .091

JFLS: Global 3.12 (2.05, 4.76) < .001 1.58 (1.18, 2.11) .002

TSK-TMD: Activity avoidance 2.18 (1.53, 3.11) < .001 1.47 (1.12, 1.92) .005

TSK-TMD: Somatic focus 2.46 (1.79, 3.40) < .001 1.44 (1.08, 1.93) .014

OBC: Total 3.08 (2.10, 4.54) < .001 1.74 (1.30, 2.33) < .001

IBS LBP Fibromyalgia

Measure SOR (95% CL) P SOR (95% CL) P SOR (95% CL) P
Pain-free jaw opening (r) 1.35 (1.02, 1.77) .033 1.94 (1.37, 2.73) < .001 3.20 (1.98, 5.16) < .001

Maximum unassisted jaw 
opening (r)

1.08 (0.83, 1.41) .564 1.40 (0.98, 2.01) .062 2.38 (1.34, 4.25) .003

Maximum assisted jaw  
opening (r)

1.02 (0.80, 1.31) .873 1.27 (0.90, 1.79) .166 1.67 (1.00, 2.78) .049

MM pain: Motion 1.37 (1.07, 1.76) .014 1.38 (1.08, 1.76) .011 2.34 (1.58, 3.46) < .001

MM pain: Palpation 1.93 (1.45, 2.58) < .001 1.66 (1.20, 2.30) .002 6.02 (2.46, 14.74) < .001

MM pain: Motion + palpation 1.84 (1.39, 2.45) < .001 1.61 (1.18, 2.21) .003 5.38 (2.15, 13.48) < .001

MM familiar pain: Motion 1.44 (1.09, 1.91) .012 1.67 (1.26, 2.22) < .001 2.89 (2.05, 4.08) < .001

MM familiar pain: Palpation 1.72 (1.29, 2.29) < .001 1.68 (1.23, 2.31) .001 4.08 (2.53, 6.58) < .001

MM familiar pain: Motion + 
palpation

1.70 (1.28, 2.26) < .001 1.74 (1.28, 2.38) < .001 4.21 (2.59, 6.85) < .001

Neck pain: Palpation 1.60 (1.17, 2.19) .003 1.69 (1.18, 2.43) .004 24.52 (4.96, 121.14) < .001

Body pain: Palpation 1.48 (1.09, 2.01) .012 1.83 (1.26, 2.65) .001 5.61 (3.50, 8.98) < .001

Neck familiar pain: Palpation 1.37 (1.01, 1.87) .044 1.62 (1.18, 2.22) .003 4.05 (2.58, 6.36) < .001

Body familiar pain: Palpation 1.33 (0.94, 1.87) .105 2.16 (1.58, 2.95) < .001 3.94 (2.58, 6.00) < .001

Nonspecific jaw symptoms 1.55 (1.15, 2.10) .004 1.96 (1.46, 2.62) < .001 3.30 (2.23, 4.88) < .001

TMJ function by history 1.32 (0.95, 1.82) .097 2.11 (1.48, 3.01) < .001 2.20 (1.35, 3.59) .002

JFLS: Chewing 1.18 (0.92, 1.52) .184 1.50 (1.14, 1.99) .004 2.28 (1.70, 3.06) < .001

JFLS : Opening 1.30 (0.99, 1.72) .060 1.46 (1.09, 1.95) .010 1.95 (1.39, 2.73) < .001

JFLS: Expressiveness 1.13 (0.91, 1.39) .266 1.22 (0.94, 1.58) .126 1.50 (1.10, 2.04) .010

JFLS: Global 1.25 (0.98, 1.59) .069 1.49 (1.12, 1.99) .006 2.06 (1.48, 2.86) < .001

TSK-TMD: Activity avoidance 1.19 (0.91, 1.55) .198 1.29 (0.97, 1.71) .080 1.80 (1.20, 2.72) .005

TSK-TMD: Somatic focus 1.21 (0.91, 1.62) .192 1.43 (1.05, 1.95) .024 2.00 (1.31, 3.06) .001

OBC: Total 1.42 (1.11, 1.82) .005 1.56 (1.18, 2.06) .002 2.13 (1.47, 3.08) < .001

(r) = reverse scoring; MM = masticatory muscle; JFLS = Jaw Functional Limitation Scale; TSK-TMD = Tampa Scale for Kinesiophobia;  
OBC = Oral Behaviors Checklist. 
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Univariate Associations Between Number of 
COPCs and Measures Germane to TMD
Appendix 3 summarizes associations according to 
number of COPCs. Virtually all 22 measures ger-
mane to TMD increased significantly according to 
the number of COPCs (ie, positive beta coefficients 
for the linear association), and in many instances, the 
increase was monotonic (ie, successively greater 
differences in the contrasts between each COPC 
group and the reference group with no COPCs). 

Of the 10 DC/TMD–specific measures, the one 
notable exception was maximum assisted jaw open-
ing, where none of the contrasts differed significantly 
from the group with 0 COPCs. The most pronounced 
positive relationships with number of COPCs were 
seen for the six examiner-assessed measures of 
masticatory muscle pain and for TMJ function by 
history. Each additional increase in COPC was as-
sociated with an approximate 0.4-SD increase for 
each of the familiar and nonfamiliar masticatory mus-
cle pain provocation reports from palpation alone and 
from both palpation and motion. 

Of the 12 TMD-relevant measures, the OBC mea -
sure of parafunctional behaviors increased monotoni-
cally according to the number of COPCs. Other 
monotonic increases were two of the four examiner- 
assessed measures of neck and body. Other notable 
associations with number of COPCs were seen for 
measures of jaw functional limitation, jaw mobility, 
and kinesiophobia (Fig 1 and Appendix 3).

Figure 2 shows plots for the linear association 
between the number of COPCs, modeled as a con-
tinuous predictor, and six selected measures ger-
mane to TMD. A critical threshold of ≥ 3 comorbid 
conditions was apparent between the number of 
COPCs and each outcome measure. Appendix 4 
summarizes associations according to the presence 
of the non-TMD COPCs (that is, for a count of 0 to 4 
COPCs). Virtually all 22 measures germane to TMD 
increased significantly according to the number of 
COPCs (ie, positive beta coefficients for the linear 
association), and, in many instances, the increase 
was monotonic (ie, successively greater differences 
in the comparisons between each COPC group and 
the reference group with no COPCs).

Multivariable Associations Between 
Independent COPCs and Measures Germane 
to TMD 
Independent associations of COPCs with the vari-
ables germane to TMD are presented in Table 3 and 
summarized graphically in Fig 1 (blue panel). Of the 
22 measures, painful TMD was independently asso-
ciated with 20 variables, headache with 2, IBS with 
2, LBP with 2, and fibromyalgia with 13.

There were significant independent associations 
with painful TMD for all DC/TMD–specific measures 
except for maximum assisted and unassisted opening. 
Similarly, after adjusting for the other four COPCs, fi-
bromyalgia was also associated with 8 out of the 10 
DC/TMD–specific measures, but not with maximum 
assisted opening or masticatory pain from motion. 
With regard to the other COPCs, very few to none of 
the DC/TMD–specific measures were significantly 
associated with IBS, LBP, or headache, while IBS was 
associated with two measures (masticatory pain on 
palpation and with motion), and LBP was significantly 
associated with only one measure (TMJ function by 
history). Headache was not significantly associated 
with any of the 10 DC/TMD–specific measures.

For the 12 TMD-relevant measures, all were signifi-
cantly associated with painful TMD. Fibromyalgia was 
independently associated with 5 TMD-relevant mea-
sures, including neck and body pain and jaw function-
al limitation associated with chewing. As for the other 
COPCs, headache was independently associated 
with nonspecific jaw symptoms and oral parafunctional 
behaviors, LBP was associated with familiar body pain 
evoked by palpation, and IBS was not independently 
associated with any of the 12 TMD-related measures. 

Results from Fig 2 show the independent asso-
ciations of each COPC, modeled as binary dummy 
predictors, with each of the six standardized TMD 
measures, adjusted for study site and demographics, 
using regression models. In the multivariable analy-
sis, TMD, headache, and fibromyalgia were each sig-
nificantly (P < .05) associated with higher values of 
at least one of the six outcome measures of nonspe-
cific jaw symptoms, jaw overuse behavior, jaw func-
tional limitation, jaw mobility, and pain on palpation 
of masticatory or neck muscles. Among the COPCs, 
TMD was the only comorbid COPC independently 
associated with all six outcome measures. 

Overall, the results as depicted in Fig 1 indi-
cate high variability across the COPCs regarding 
the magnitude of the associations between the 
measures germane to TMD and the COPCs. For 
example, when COPCs are assessed collectively 
as depicted on the left panel, the positive beta co-
efficients suggest that all 22 measures germane to 
TMD increased significantly according to the num-
ber of COPCs. When each individual COPC was 
assessed in univariate models, the orange heat map 
in the middle panel depicts that a majority of the 
measures germane to TMD were associated, with an 
OR of at least 2, with each COPC. As indicated by 
the orange color gradient, measures of masticatory 
muscle pain evoked by palpation, by motion, and of 
nonspecific jaw symptoms had the strongest magni-
tudes of association with TMD and fibromyalgia each.  
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Fig 2 Relationships between number of pain conditions and measures germane to TMD in the OPPERA-2 study (n = 655 partici-
pants). (a) Pain-free opening. (b) Jaw muscle pain on palpation. (c) Neck muscle pain on palpation. (d) Nonspecific jaw symptoms. (e) 
Jaw Functional Limitation Scale global score. (f) Oral Behaviors Checklist. Each TMD measure was the dependent variable in separate 
linear regression models that used weighted estimates from generalized estimating equations with robust error variance calculation and 
adjustments for study site, age, gender, and race. Each plot summarizes three separate regression models for the same dependent vari-
able. (1) The number of COPCs was modeled as a dummy predictor. Vertical axis plots estimated the mean value of the selected TMD 
variable (transformed to a z-score) as the dependent variable and the dummy variable for the number of COPCs (5 degrees of freedom) 
as a categorical predictor. The model was adjusted for study site, age, gender, and race. Whiskers signify ± 1 standard error (SE). (2) 
Beta (β) estimate (SE) represents the amount of change in the same dependent variable as in (1) for each increase in the number of 
COPCs, modeled as a continuous variable. The model was adjusted for study site, age, gender, and race. aP < .05 for the test of the 
null hypothesis that β = 0. (3) Each COPC was modeled as an independent binary predictor to show independent associations of each 
COPC. The numbers in the tables are parameter estimates for the corresponding dummy variables for the COPCs, denoted as T = 
temporomandibular disorder, H = headache, I = IBS, B = low back pain, and F = fibromyalgia. The model adjusted for study site, age, 
gender, and race. bP < .05 for the null hypothesis that the parameter estimate for the dummy variable = 0.
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Similarly, when the COPCs were assessed inde-
pendently in the multivariable models, the blue heat 
map in the right panel readily depicts that, aside 
from TMD and fibromyalgia, COPCs were strong-
ly associated with only a few of the TMD-relevant 
measures. Yet, the blue heat map does indicate a 
general hypothesis-relevant pattern that, besides 
painful TMD, the COPCs had independent associa-
tions with measures germane to TMD.

Random Forest Plots Using Measures 
Germane to TMD to Predict Each COPC
When all 22 TMD-specific measures were assessed 
for their multivariable associations with TMD using a 
random forest model, the most important predictors 
were familiar and nonfamiliar masticatory evoked 
pain and nonspecific jaw symptoms, as indicated by 

variable importance scores of 0.1 or more (plotted in 
Fig 3 with blue triangles). Using that same threshold, 
8 TMD-specific measures differentiated fibromyal-
gia cases from controls, while oral parafunctional 
behaviors did not (Fig 3, red circles). For headache, 
nonspecific jaw symptoms and masticatory familiar 
pain were the most important predictors. In con-
trast, for LBP and IBS, none of the TMD-specific 
measures were important predictors. Variables with 
low importance in discriminating cases from controls 
included masticatory evoked familiar pain (for IBS 
and LBP), nonspecific jaw symptoms (IBS), famil-
iar body pain evoked by palpation (LBP, TMD, and 
headache), neck pain evoked by palpation (TMD), 
pain-free opening (headache and IBS), and oral be-
haviors (headache). Indices of model fit are provided 
in Appendix 5. 

Table 3   Independent Associations of Each COPC with Standardized Mean Measures Germane to 
TMD Adjusted for Other COPCs, Study Site, and Demographics

Measure TMD Headache IBS LBP Fibromyalgia

Pain-free jaw opening (r) 0.49 (0.14), < .01 0.13 (0.10), .19 0.03 (0.10), .76 0.26 (0.18), .15 0.75 (0.25), < .01

Maximum unassisted jaw 
opening (r)

0.27 (0.15), .08 0.01 (0.11), .91 –0.03 (0.11), .77 0.23 (0.19), .21 0.58 (0.27), .03

Maximum assisted jaw 
opening (r)

0.13 (0.14), .36 0.03 (0.11), .77 –0.05 (0.11), .64 0.21 (0.19), .26 0.49 (0.27), .07

MM pain: Motion 0.86 (0.17), < .01 0.00 (0.11), .98 0.08 (0.12), .47 0.03 (0.11), .81 0.40 (0.20), .05

MM pain: Palpation 1.17 (0.13), < .01 0.16 (0.10), .13 0.30 (0.13), .03 0.00 (0.10), 1.00 0.54 (0.16), < .01

MM pain: Motion + palpation 1.19 (0.11), < .01 0.12 (0.11), .28 0.28 (0.13), .03 0.03 (0.10), .74 0.41 (0.17), .01

MM familiar pain: Motion 1.08 (0.18), < .01 0.09 (0.09), .29 0.02 (0.11), .85 0.02 (0.10), .83 0.53 (0.21), .01

MM familiar pain: Palpation 1.32 (0.16), < .01 0.15 (0.08), .06 0.12 (0.11), .27 –0.09 (0.08), .29 0.62 (0.23), < .01

MM familiar pain: Motion + 
palpation

1.35 (0.14), < .01 0.14 (0.08), .08 0.12 (0.11), .28 –0.03 (0.09), .72 0.54 (0.22), .01

Neck pain: Palpation 0.48 (0.12), < .01 0.02 (0.11), .86 0.22 (0.12), .06 0.14 (0.15), .38 0.54 (0.15), < .01

Body pain: Palpation 0.58 (0.16), < .01 0.00 (0.09), .99 0.11 (0.10), .28 0.13 (0.14), .35 0.81 (0.16), < .01

Neck familiar pain: Palpation 0.97 (0.18), < .01 0.18 (0.10), .06 0.00 (0.10), .99 0.00 (0.11), .97 0.75 (0.19), < .01

Body familiar pain: Palpation 0.80 (0.20), < .01 –0.01 (0.10), .94 –0.04 (0.10), .70 0.25 (0.11), .03 1.05 (0.22), < .01

Nonspecific jaw symptoms 1.18 (0.12), < .01 0.30 (0.07), < .01 0.03 (0.09), .73 0.05 (0.08), .58 0.41 (0.22), .07

TMJ function by history 0.67 (0.14), < .01 0.18 (0.09), .05 –0.01 (0.09), .95 0.31 (0.13), .02 0.15 (0.21), .49

JFLS: Chewing 0.71 (0.13), < .01 0.20 (0.10), .05 –0.06 (0.08), .44 0.06 (0.10), .57 0.53 (0.22), .01

JFLS: Opening 0.75 (0.14), < .01 0.05 (0.09), .60 0.05 (0.09), .55 0.09 (0.09), .32 0.32 (0.24), .17

JFLS: Expressiveness 0.38 (0.11), < .01 0.03 (0.06), .68 0.00 (0.06), .98 0.03 (0.08), .73 0.34 (0.22), .13

JFLS: Global 0.72 (0.13), < .01 0.11 (0.08), .18 0.00 (0.07), 1.00 0.07 (0.09), .42 0.45 (0.23), .05

TSK-TMD: Activity avoidance 0.72 (0.20), < .01 0.21 (0.13), .10 –0.01 (0.13), .95 –0.09 (0.14), .52 0.20 (0.28), .48

TSK-TMD: Somatic focus 0.72 (0.14), < .01 0.15 (0.10), .16 –0.03 (0.10), .75 –0.05 (0.13), .72 0.38 (0.29), .20

OBC: Total 0.81 (0.19), < .01 0.31 (0.12), < .01 0.12 (0.10), .21 0.05 (0.11), .65 0.18 (0.19), .34

Data are reported as estimated mean difference (standard error), P. (r) = reverse scoring; MM = masticatory muscle; JFLS = Jaw Functional Limitation 
Scale; TSK-TMD = Tampa Scale for Kinesiophobia; OBC = Oral Behaviors Checklist. 
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Discussion

This study investigated 22 measures germane to 
TMD, including measures from the DC/TMD exam-
ination procedures as well as other TMD-relevant 
measures because they represent domains with high 
face validity: jaw function, pain in masticatory tissues, 
nonspecific jaw symptoms, jaw kinesiophobia, and 
oral behaviors. As expected, virtually all were sig-
nificantly associated with the odds of having painful 
TMD, with ORs signifying moderate to strong effect 
estimates. Unexpectedly, there were significant as-
sociations with the other four COPCs, although the 
effect estimates were less pronounced. Furthermore, 
in multivariable models that adjusted for the effect 
of painful TMD and the other COPCs, fibromyalgia 
was associated independently with most of the 22 
measures germane to TMD. The multivariable models 
also revealed independent associations of headache, 
IBS, and LBP with a few of the 22 TMD measures. 
When the measures were separated into the two sets 
of DC/TMD–specific and TMD-relevant measures, 
both univariate and multivariable analyses showed 
that most measures from both sets were associated 
with painful TMD and fibromyalgia. When the other 
COPCs were considered agnostically as a count 
of the total number of COPCs, there was a posi-

tive monotonic association with each of the 22 TMD 
measures. After excluding painful TMD, the associ-
ation between the other 1 to 4 COPCs and the 22 
TMD measures showed a similar linear association, 
as when painful TMD was included in the count of 
COPCs. In summary, most of the 22 TMD measures 
displayed patterns of association with other COPCs. 
Moreover, the analyses of each index COPC and 
of the number of COPCs (with and without painful 
TMD) indicate that the 22 TMD measures are not as 
condition-specific, as often assumed irrespective of 
whether they are separated into DC/TMD–specific 
and TMD-relevant measures.

Findings from this study reject the assumption 
that attributes germane to TMD are elevated only 
in painful TMD cases relative to non-TMD subjects. 
Nevertheless, the magnitude of association was 
higher in those with painful TMD. The multivariable 
analyses highlight that, independent from the as-
sociations demonstrated by painful TMD, the as-
sociation of fibromyalgia with measures germane 
to TMD was nearly twice the magnitude of that for 
painful TMD alone for 4 of the 22 measures germane 
to TMD: pain-free opening (painful TMD = 0.49; fi-
bromyalgia = 0.75), maximum unassisted opening 
(painful TMD = 0.27; fibromyalgia = 0.58), maximum 
assisted opening (painful TMD = 0.13; fibromyalgia 

Fig 3 Multivariable associations of TMD measures 
with pain conditions in OPPERA-2 (n = 655 partic-
ipants). Random forest modeling explored the multi-
variable associations of all TMD measures with each 
binary COPC case classification, with study site, age, 
gender, and race also included as covariates. Associ-
ations of individual variables in the random forest mod-
els were quantified using variable importance scores, 
which estimate the relative association of each pre-
dictor to the model’s classification of true positives 
and true negatives. Other measures germane to TMD 
were included in the models but are excluded from the 
figure due to negligible variable importance scores. 
The threshold for exclusion from the figure was set 
to 0.0004 in order to ensure a clear, concise plot. A 
variable importance score < 0.0004 means that in the 
presence of all of the other measures included in the 
random forest model, these TMD measures improved 
the misclassification error rate by less than 0.04 per-
centage points. Filled symbols = COPC cases; open 
symbols = controls; JFLS = Jaw Functional Limitation 
Scale; OBC = Oral Behaviors Checklist. 

Familiar masticatory 
evoked pain

Body pain on palpation

Nonspecific jaw  
symptoms

Familiar body pain on 
palpation

Masticatory evoked pain

Neck pain on palpation

JFLS: Global

Pain-free jaw opening

OBC: Total
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= 0.49), and body pain on palpation (painful TMD = 
0.58; fibromyalgia = 0.81). Not only are the 22 mea-
sures germane to TMD not specific to a painful TMD 
diagnosis, but these 22 TMD measures may repre-
sent markers of a functional pain syndrome beyond 
their seeming relevance to only painful TMD.

The implications of these findings are of clinical 
relevance when diagnosing and classifying painful 
TMD. For painful TMD characteristics that are used 
as criteria in validated diagnostic systems, the impli-
cations are troubling. For example, palpation-evoked 
pain in masticatory muscles represents one criterion 
for classifying TMD myalgia in the DC/TMD system, 
yet the current findings reveal that fibromyalgia and 
IBS are both associated with the extent of palpation- 
evoked masticatory muscle pain, independently of 
TMD itself. While palpation-evoked pain in masticatory 
muscles is generally assumed to be TMD-specific, 
this finding is especially troubling because it sug-
gests that the DC/TMD’s criterion for masticatory 
pain from clinical provocation could be fulfilled in the 
presence of fibromyalgia or IBS, and not necessarily 
by TMD. However, any such concern is mitigated by 
the fact that palpation-evoked masticatory muscle 
pain is a necessary, though not sufficient, criterion for 
classification of painful TMD. Specifically, the DC/
TMD criteria also require that the evoked pain be fa-
miliar to previously experienced painful TMD symp-
toms and that the pain be changed by jaw function. 
Furthermore, the masticatory muscle pain criterion 
can be fulfilled by pain evoked either by palpation or 
by jaw maneuvers. Nonetheless, the observed asso-
ciations of fibromyalgia and IBS with palpation- 
evoked masticatory muscle pain draw attention to the 
importance of a thorough examination of all regional 
pain systems when diagnosing painful TMD. Indeed, 
the current results endorse the value of a rigorous 
and holistic examination when classifying painful 
TMD. Equally important, the results refute the prem-
ise that diagnostic devices measuring characteristics 
of painful TMD (eg, joint vibration analysis, precision 
jaw tracking) might be sufficient for classifying pain-
ful TMD. Indeed, the current findings may be part of 
the reason that diagnostic devices perform poorly in 
classifying clinical painful TMD.40,41 

Another noteworthy finding concerns mastica-
tory muscle pain evoked by palpation. Compared to 
pain evoked by motion, the magnitude of association 
of masticatory muscle pain evoked by palpation with 
each COPC and the number of COPCs was stron-
ger. Similar results were found by Ohrbach et al42 with 
chronic TMD cases compared to TMD controls, but 
not for predicting first-onset TMD.27 Pain evoked by 
palpation vs motion vis-à-vis other COPCs raises a 
question as to why stronger associations of palpation 
scores are seen with TMD and other COPCs than 

with pain evoked by motion. Weaker associations 
with mobility may either reflect the absence of struc-
tural damage (no variance to be explained; that is, 
muscles are normal from a structural perspective, and 
so pain evoked by movement is less likely) or reflect 
increased adaptability of the jaw despite pain; that is, 
motivation to function (to eat and talk). An implica-
tion is that the impact of motivation to function with 
the system must not be underestimated. Alternatively, 
pain evoked by motion may be a region-specific mea-
sure, whereas pain evoked by palpation may be a 
more global measure of hyperalgesia; that is, an in-
creased response to a suprathreshold stimulus that 
normally evokes pain and is not limited to the specific 
tissue. It is also possible that pain from palpation is 
much more local, focused, and nociceptive than pain 
from motion, which may be modulated by controlled 
movement once an aversive signal is felt. 

In addition, and most notably, the extent of over-
lapping pain conditions is not only associated with 
pain and function, but extends its influence beyond 
the boundaries of physical symptoms: COPCs also 
influence attitudes, beliefs, and behaviors ostensi-
bly specific to painful TMD or the masticatory sys-
tem. The diagnostic and behavioral overlap between 
headache and painful TMD is considerable,43–45 and 
among comorbid pain conditions, headache has the 
strongest association with chronic painful TMD (OR 
= 8.8).42 It seems self-evident that headache should 
reliably and substantially influence measures ger-
mane to TMD, including the DC/TMD–specific mea-
sures; however, among COPCs, headache exerted 
the least influence on any of the measures germane 
to TMD, despite 75% of this group having some type 
of migraine headache, which has a strong relation-
ship with TMD itself.46 However, given these results, 
as well as the concurrent findings from Slade et al 
(current issue) that show 49% of headache cases 
occurred in isolation (that is, with no overlap with the 
other pain conditions), it appears that headache and 
painful TMD appear to be more independent despite 
being proximal pain conditions. It may be that a sim-
ple headache-TMD relationship is transcended by 
painful TMD being part of a functional pain condition 
(see Slade et al, current issue), consistent with the 
strong associations between each measure germane 
to TMD and fibromyalgia, which is currently regard-
ed as the exemplar for functional pain disorders and 
was associated with 16 of the 22 measures germane 
to TMD. While these findings may not be a surprise 
given that 75% of patients with fibromyalgia will have 
TMD, only 18% of patients with TMD will have fibro-
myalgia,47 such that the number of associations with 
fibromyalgia is surprising. This may help explain the 
difference between the 75% when considering fibro-
myalgia vs 18% when considering TMD.
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The 22 TMD measures represent a range of do-
mains: physical examination measures, limitations, 
beliefs, and behaviors, each germane to the charac-
ter of TMD as a localized condition. Yet, 21 of these 
22 measures were associated with at least one other 
COPC in addition to TMD. The findings regarding 
pain-free jaw opening are particularly noteworthy 
because it is measured reliably29 and is generally 
considered to be a relatively pure measure of jaw 
functional status. Because pain-free jaw opening, 
measured as “open as wide as you can without any 
pain,” is considered to be a pain-dependent measure 
and because fear of inducing pain may lead the pa-
tient to not open as far as they could without pain, 
any factors that affect pain processing (eg, pain- 
related fear, anxiety)48 would be expected to affect a 
pain-free opening measure. Yet, the overlap of other 
COPCs with the jaw mobility measures signifies the 
ubiquity of pain processing and the impact of the 
multiple central nervous system influences on poten-
tially all aspects of pain measures. The association of 
fibromyalgia, for example, with the measured extent 
of simple jaw opening (estimated as β = 0.75) high-
lights that pain-free extent of opening only partially 
reflects jaw status. For example, in an experimental 
trial of intraoral appliances for TMD myofascial pain, 
the presence of fibromyalgia significantly affected 
treatment response to the appliance, with the con-
clusion that comorbidities matter.49 These findings 
suggest an additional interpretation: Measured out-
comes of TMD pain and function may have been 
equally affected by the presence of fibromyalgia, rais-
ing the question of whether the comorbid condition 
(fibromyalgia) affected the outcome, the measure-
ment of the outcome (for, say, chewing), or both. Both 
effects would occur in the same direction.

Among other noteworthy findings is the measure 
of nonspecific jaw symptoms. Univariate results re-
veal associations of all COPCs with nonspecific jaw 
symptoms, random forest plots show that nonspecif-
ic jaw symptoms predict painful TMD and headache 
cases from their respective controls, and multivariable 
analyses confirm independent influences of painful 
TMD and headache on this measure. The above find-
ings on nonspecific jaw symptoms parallel findings 
that pain conditions and their overlaps were associ-
ated with greater somatic symptom burden (ie, the 
Pennebaker Inventory of Limbic Languidness [PILL] 
and Symptom Checklist (SCL)-90 Somatization 
Scale), as concurrently shown in Fillingim et al (cur-
rent issue). Consequently, nonspecific jaw symp-
toms, a regional measure, appear to respond in the 

same way as measures not tied to any single part of 
the body. This suggests that nonspecific jaw symp-
toms tap into a more global level of pain processing, 
as well as dimensions beyond pain.

As in all cross-sectional studies, the current study 
was unable to determine whether TMD-specific 
characteristics were present before or after the on-
set of COPCs. While prior OPPERA publications 
have shown associations between TMD measures 
and first-onset TMD,27,42 in this study, the TMD mea-
sures are a reflection of underlying pain processing/
burden, which in turn could affect the threshold by 
which an individual will meet the diagnostic crite-
ria for a given disorder. However, future studies still 
need to explain the natural history and evolution of 
TMD symptoms in individuals with multiple overlap-
ping pain conditions. Furthermore, external validity of 
these findings is compromised, as the individuals re-
cruited for the study were a convenience sample that 
may not be representative of the general population. 
There was limited statistical power for comparing in-
dividuals with fibromyalgia or with five COPCs due 
to the small sample sizes in these respective groups.

Conclusions

In this study, COPCs were associated with many 
attributes generally assumed to be germane to only 
painful TMD. Yet, both univariate and multivariable 
analyses demonstrated that measures of pain-free 
opening, masticatory muscle palpation, and non-
specific jaw symptoms were the TMD measures 
most strongly associated with COPCs other than 
painful TMD. The implications of these findings are 
considerable for making a “simple localized” clinical 
pain diagnosis vs a “complex multisystem” pain diag-
nosis. Painful TMD is seldom an isolated condition, 
and these findings further highlight the importance of 
considering assessment of other chronic pain condi-
tions, which will help better understand the function-
al syndromic nature of painful TMD. Management of 
painful TMD should be approached from an integrat-
ed pain-processing model, which in turn determines 
selection of specific interventions and treatments 
for specific pain conditions. Thus, these findings 
reinforce the value of a rigorous and holistic clinical 
examination. If any of the other pain conditions were 
present, the patient could then benefit from specific 
interventions for the overall pain disorder as well as 
for painful TMD, which would be well-reflected in the 
measures germane to TMD.
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Appendices

Appendix 1   Unadjusted, Unweighted Estimates for Measures Germane to TMD for Cases of the  
Five COPCs and Controls

TMD Headache
Measure Case Control Case Control
Pain-free jaw opening 35.52 (0.84), 182 45.13 (0.39), 472 39.32 (0.67), 269 44.64 (0.46), 385

Maximum unassisted jaw opening 47.33 (0.67), 182 50.73 (0.33), 472 48.51 (0.50), 269 50.68 (0.39), 385

Maximum assisted jaw opening 51.38 (0.61), 182 53.25 (0.34), 471 51.79 (0.46), 269 53.39 (0.39), 384

MM pain: Motion 3.11 (0.14), 182 1.00 (0.06), 473 2.19 (0.12), 270 1.16 (0.08), 385

MM pain: Palpation 6.04 (0.15), 182 1.92 (0.11), 473 4.20 (0.18), 270 2.27 (0.13), 385

MM pain: Motion + palpation 6.40 (0.12), 182 2.43 (0.11), 473 4.60 (0.18), 270 2.78 (0.13), 385

MM familiar pain: Motion 2.87 (0.14), 182 0.30 (0.04), 473 1.77 (0.13), 270 0.48 (0.06), 385

MM familiar pain: Palpation 5.16 (0.18), 182 0.61 (0.06), 473 3.22 (0.19), 270 0.93 (0.10), 385

MM familiar pain: Motion + palpation 5.55 (0.16), 182 0.73 (0.07), 473 3.49 (0.19), 270 1.07 (0.10), 385

Neck pain: Palpation 5.02 (0.10), 182 3.60 (0.09), 473 4.36 (0.11), 270 3.74 (0.10), 385

Body pain: Palpation 6.80 (0.26), 182 3.37 (0.15), 473 5.30 (0.24), 270 3.63 (0.18), 385

Neck familiar pain: Palpation 3.38 (0.17), 182 0.83 (0.07), 473 2.41 (0.14), 270 0.92 (0.09), 385

Body familiar pain: Palpation 3.90 (0.27), 182 0.72 (0.07), 473 2.49 (0.20), 270 0.98 (0.10), 385

Nonspecific jaw symptoms 3.51 (0.13), 178 0.59 (0.05), 446 2.42 (0.13), 262 0.70 (0.07), 362

TMJ function by history 2.89 (0.14), 166 0.82 (0.06), 427 2.09 (0.12), 251 0.89 (0.07), 342

JFLS: Chewing 1.83 (0.13), 178 0.47 (0.05), 454 1.29 (0.10), 265 0.54 (0.06), 367

JFLS: Opening 1.89 (0.16), 178 0.33 (0.05), 454 1.23 (0.12), 265 0.43 (0.06), 367

JFLS: Expressiveness 0.72 (0.10), 178 0.17 (0.04), 454 0.48 (0.07), 265 0.21 (0.05), 367

JFLS: Global 1.48 (0.11), 178 0.32 (0.04), 454 1.00 (0.08), 265 0.39 (0.05), 367

TSK-TMD: Activity avoidance 13.14 (0.36), 178 9.18 (0.15), 466 11.61 (0.29), 268 9.32 (0.18), 376

TSK-TMD: Somatic focus 9.19 (0.27), 178 5.98 (0.10), 466 7.92 (0.22), 268 6.11 (0.12), 376

OBC: Total 31.88 (0.82), 180 19.74 (0.46), 457 27.60 (0.71), 267 19.96 (0.54), 370

IBS LBP Fibromyalgia

Measure Case Control Case Control Case Control
Pain-free jaw opening 39.85 (0.88), 157 43.27 (0.44), 497 38.40 (1.00), 139 43.55 (0.42), 515 30.08 (1.55), 52 43.52 (0.38), 602

Maximum unassisted jaw 
opening

49.22 (0.68), 157 49.96 (0.35), 497 48.20 (0.73), 139 50.21 (0.34), 515 45.23 (1.33), 52 50.18 (0.31), 602

Maximum assisted jaw 
opening

52.64 (0.61), 157 52.76 (0.34), 496 51.66 (0.65), 139 53.02 (0.34), 514 49.63 (1.24), 52 53.00 (0.30), 601

MM pain: Motion 2.09 (0.15), 158 1.42 (0.08), 497 2.45 (0.18), 139 1.35 (0.07), 516 3.63 (0.33), 52 1.41 (0.07), 603

MM pain: Palpation 4.28 (0.23), 158 2.68 (0.13), 497 4.62 (0.25), 139 2.65 (0.12), 516 6.79 (0.27), 52 2.74 (0.11), 603

MM pain: Motion + palpation 4.70 (0.22), 158 3.16 (0.13), 497 4.98 (0.24), 139 3.14 (0.12), 516 6.88 (0.26), 52 3.24 (0.11), 603

MM familiar pain: Motion 1.54 (0.15),158 0.85 (0.07), 497 1.99 (0.19), 139 0.75 (0.06), 516 3.46 (0.32), 52 0.80 (0.06), 603

MM familiar pain: Palpation 2.95 (0.24), 158 1.54 (0.11), 497 3.33 (0.26), 139 1.48 (0.11), 516 5.71 (0.37), 52 1.55 (0.10), 603

MM familiar pain: Motion + 
palpation

3.21 (0.24), 158 1.71 (0.12), 497 3.62 (0.27), 139 1.65 (0.11), 516 5.98 (0.34), 52 1.73 (0.10), 603

Neck pain: Palpation 4.52 (0.13), 158 3.82 (0.09), 497 4.54 (0.15), 139 3.84 (0.08), 516 5.81 (0.08), 52 3.84 (0.08), 603

Body pain: Palpation 5.27 (0.30), 158 4.02 (0.16), 497 5.76 (0.33), 139 3.93 (0.16), 516 9.10 (0.33), 52 3.91 (0.14), 603

Neck familiar pain:  
Palpation

2.26 (0.19), 158 1.31 (0.09), 497 2.59 (0.20), 139 1.26 (0.09), 516 4.37 (0.29), 52 1.30 (0.08), 603

Body familiar pain:  
Palpation

2.48 (0.26), 158 1.33 (0.11), 497 3.17 (0.29), 139 1.18 (0.10), 516 6.08 (0.49), 52 1.22 (0.09), 603

Nonspecific jaw symptoms 2.00 (0.16),152 1.24 (0.08), 472 2.36 (0.19), 134 1.17 (0.08), 490 3.90 (0.26), 52 1.20 (0.07), 572

TMJ function by history 1.85 (0.15), 140 1.26 (0.08), 453 2.05 (0.17), 126 1.22 (0.07), 467 2.92 (0.27), 50 1.26 (0.07), 543

JFLS: Chewing 1.04 (0.12), 152 0.80 (0.06), 480 1.50 (0.15), 134 0.68 (0.06), 498 2.24 (0.23), 52 0.73 (0.05), 580

JFLS: Opening 1.12 (0.15), 152 0.66 (0.07), 480 1.43 (0.18), 134 0.59 (0.06), 498 2.26 (0.32), 52 0.63 (0.06), 580

JFLS: Expressiveness 0.42 (0.09), 152 0.29 (0.04), 480 0.64 (0.11), 134 0.24 (0.04), 498 0.88 (0.19), 52 0.27 (0.04), 580

JFLS: Global 0.86 (0.11), 152 0.58 (0.05), 480 1.19 (0.13), 134 0.50 (0.05), 498 1.79 (0.21), 52 0.55 (0.04), 580

TSK-TMD: Activity avoidance 11.03 (0.35), 156 10.03 (0.18), 488 11.71 (0.42), 137 9.89 (0.17), 507 13.94 (0.70), 52 9.95 (0.16), 592

TSK-TMD: Somatic focus 7.56 (0.28), 156 6.65 (0.13), 488 8.00 (0.31), 137 6.56 (0.12), 507 9.35 (0.50), 52 6.65 (0.12), 592

OBC: Total 26.64 (0.95), 156 22.04 (0.51), 481 27.06 (1.10), 136 22.11 (0.49), 501 31.84 (1.69), 52 22.40 (0.46), 585

Data are reported as mean (standard error), number of participants. MM = masticatory muscle; JFLS = Jaw Functional Limitation Scale; TSK-TMD = Tampa Scale for 
Kinesiophobia; OBC = Oral Behaviors Checklist. 
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Appendix 2  Unadjusted, Unweighted Estimates According to Number of COPCs
 No. of COPCs

0 1 2 3 4 5

Pain-free jaw opening 45.85 (0.52),
252

44.24 (0.67),
178

40.09 (0.91),
108

37.32 (1.41),
71

31.85 (1.81),
33

25.17 (3.02),
12

Maximum unassisted jaw opening 51.00 (0.47),
252

50.36 (0.55),
178

49.05 (0.73),
108

48.24 (1.06),
71

45.48 (1.46),
33

43.42 (3.73),
12

Maximum assisted jaw opening 53.43 (0.50),
251

53.12 (0.52),
178

52.38 (0.67),
108

52.13 (0.97),
71

48.61 (1.42),
33

50.33 (2.96),
12

MM pain: Motion 0.85 (0.08),
252

1.29 (0.12),
178

2.00 (0.15),
109

2.85 (0.24),
71

3.79 (0.37),
33

4.08 (0.69),
12

MM pain: Palpation 1.60 (0.14),
252

2.40 (0.20),
178

4.30 (0.26),
109

5.44 (0.28),
71

6.97 (0.24),
33

7.67 (0.22),
12

MM pain: Motion + palpation 2.13 (0.15),
252

2.94 (0.20),
178

4.65 (0.25),
109

5.92 (0.26),
71

7.09 (0.21),
33

7.75 (0.18),
12

MM familiar pain: Motion 0.17 (0.05),
252

0.57 (0.10),
178

1.59 (0.16),
109

2.54 (0.24),
71

3.58 (0.38),
33

4.00 (0.70),
12

MM familiar pain: Palpation 0.33 (0.06),
252

1.22 (0.15),
178

3.03 (0.27),
109

4.49 (0.32),
71

5.85 (0.40),
33

7.17 (0.37),
12

MM familiar pain: Motion + 
palpation

0.42 (0.07),
252

1.35 (0.16),
178

3.39 (0.27),
109

4.97 (0.31),
71

6.06 (0.38),
33

7.25 (0.33),
12

Neck pain: Palpation 3.41 (0.12),
252

3.82 (0.14),
178

4.49 (0.16),
109

4.76 (0.17),
71

5.45 (0.16),
33

5.75 (0.18),
12

Body pain: Palpation 3.06 (0.21),
252

3.56 (0.25),
178

5.74 (0.35),
109

5.97 (0.46),
71

7.85 (0.52),
33

9.67 (0.58),
12

Neck familiar pain: palpation 0.53 (0.08),
252

1.11 (0.13),
178

2.45 (0.22),
109

3.08 (0.28),
71

3.85 (0.33),
33

5.25 (0.30),
12

Body familiar pain: palpation 0.48 (0.08),
252

0.92 (0.12),
178

2.61 (0.30),
109

3.18 (0.43),
71

4.76 (0.59),
33

8.17 (0.89),
12

Nonspecific jaw symptoms 0.36 (0.06),
232

0.92 (0.10),
174

2.42 (0.18),
106

3.00 (0.25),
68

4.09 (0.33),
32

4.58 (0.38),
12

TMJ function by history 0.63 (0.07),
225

1.04 (0.11),
164

2.33 (0.18),
97

2.53 (0.23),
65

2.89 (0.36),
30

3.43 (0.54),
12

JFLS: Chewing 0.42 (0.07),
238

0.64 (0.09),
174

0.96 (0.13),
108

1.66 (0.21), 
69

2.51 (0.30),
31

2.81 (0.53)
n = 12

JFLS: Opening 0.31 (0.07),
238

0.43 (0.08),
174

0.86 (0.14),
108

1.94 (0.26),
69

2.23 (0.40),
31

3.38 (0.76),
12

JFLS: Expressiveness 0.22 (0.07),
238

0.15 (0.04),
174

0.26 (0.06),
108

0.59 (0.16),
69

1.10 (0.29),
31

1.80 (0.54),
12

JFLS: Global 0.32 (0.06),
238

0.40 (0.06),
174

0.70 (0.10),
108

1.39 (0.18),
69

1.95 (0.28),
31

2.66 (0.47),
12

TSK-TMD: Activity avoidance 8.92 (0.20),
246

9.57 (0.28),
175

11.50 (0.42),
109

11.93 (0.53),
70

14.97 (0.93),
32

14.92 (1.42),
12

TSK-TMD: Somatic focus 5.89 (0.13),
246

6.18 (0.18), 
175

7.62 (0.31),
109

8.76 (0.45),
70

9.59 (0.64),
32

11.83 (1.05),
12

OBC: Total 17.97 (0.60),
238

22.00 (0.80),
177

27.34 (0.96),
108

30.79 (1.40),
70

33.09 (2.06),
32

34.95 (4.26),
12

Data are reported as mean (standard error), number of participants. MM = masticatory muscle; TSK-TMD = Tampa Scale for Kinesiophobia;  
OBC = Oral Behaviors Checklist.
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Appendix 3   Estimates of Linear Association and Pairwise Comparisons Between Extent of  
COPC Overlap and z Scores of Measures Germane to TMD Adjusted for  
Study Site and Demographic Characteristics

Linear association Est (SE), P 

Measure β (SE), P
1 vs 0 

COPCs
2 vs 0 

COPCs
3 vs 0 

COPCs
4 vs 0 

COPCs
5 vs 0 

COPCs

Pain-free jaw opening (r)  0.26 (0.04), < .01 0.17 (0.10), 
.08

0.52 (0.11), 
< .01

0.52 (0.22), 
.01

0.89 (0.22), 
< .01

2.35 (0.38), 
< .01

Maximum unassisted jaw 
opening (r)

0.14 (0.05), < .01 0.18 (0.12), .12 0.24 (0.12), .04 0.16 (0.20), 
.41

0.47 (0.28), 
.08

1.53 (0.63), 
.01

Maximum assisted jaw 
opening (r)

0.09 (0.05), .06 0.15 (0.12), .21 0.15 (0.12), .21 –0.00 (0.19), 
.99

0.48 (0.28), 
.08

1.13 (0.70), 
.10

MM pain: Motion 0.22 (0.04), < .01 0.24 (0.11), 
.03

0.43 (0.12), 
< .01

0.55 (0.17), 
< .01

0.69 (0.32), 
.03

1.79 (0.31), 
< .01

MM pain: Palpation 0.40 (0.03), < .01 0.43 (0.11), 
< .01

0.86 (0.13), 
< .01

1.03 (0.17), 
< .01

1.70 (0.17), 
< .01

2.17 (0.10), 
< .01

MM pain: Motion + 
palpation

0.38 (0.03), < .01 0.43 (0.12), 
< .01

0.79 (0.14), 
< .01

1.03 (0.19), 
< .01

1.59 (0.17), 
< .01

2.00 (0.09), 
< .01

MM familiar pain: Motion 0.29 (0.04), < .01 0.22 (0.09), 
.01

0.60 (0.12), 
< .01

0.76 (0.21), 
< .01

1.01 (0.35), 
< .01

2.08 (0.40), 
< .01

MM familiar pain: Palpa-
tion

0.38 (0.04), < .01 0.32 (0.09), 
< .01

0.78 (0.13), 
< .01

1.12 (0.18), 
< .01

1.39 (0.38), 
< .01

2.29 (0.24), 
< .01

MM familiar pain: Motion + 
palpation

0.39 (0.04), < .01 0.29 (0.10), 
< .01

0.81 (0.13), 
< .01

1.19 (0.19), 
< .01

1.36 (0.37), 
< .01

2.16 (0.28), 
< .01

Neck pain: Palpation 0.22 (0.04), < .01 0.40 (0.12), 
< .01

0.51 (0.13), 
< .01

0.53 (0.17), 
< .01

0.78 (0.20), 
< .01

1.32 (0.15), 
< .01

Body pain: Palpation 0.24 (0.05), < .01 0.26 (0.10), 
< .01

0.62 (0.13), 
< .01

0.48 (0.19), 
.01

0.76 (0.44), 
.08

1.75 (0.25), 
< .01

Neck familiar pain: 
Palpation

0.31 (0.04) , < .01 0.19 (0.10), 
.04

0.66 (0.14), 
< .01

0.82 (0.18), 
< .01

1.00 (0.34), 
< .01

2.18 (0.16), 
< .01

Body familiar pain: 
Palpation

0.30 (0.05), < .01 0.15 (0.09), 
.08

0.55 (0.15), 
< .01

0.67 (0.19), 
< .01

1.11 (0.42), 
< .01

2.55 (0.25), 
< .01

Nonspecific jaw symptoms 0.39 (0.04), < .01 0.21 (0.06), 
< .01

0.96 (0.14), 
< .01

1.03 (0.17), 
< .01

1.20 (0.28), 
< .01

2.53 (0.21), 
< .01

TMJ function by history 0.27 (0.04), < .01 0.06 (0.09), 
.53

0.72 (0.14), 
< .01

0.70 (0.14), 
< .01

0.74 (0.19), 
< .01

1.78 (0.30), 
< .01

JFLS: Chewing 0.27 (0.04), < .01 0.11 (0.10), 
.23

0.36 (0.11), 
< .01

0.65 (0.17), 
< .01

1.34 (0.32), 
< .01

2.20 (0.31), 
< .01

JFLS: Opening 0.25 (0.04), < .01 0.07 (0.08), 
.37

0.30 (0.11), 
< .01

0.87 (0.22), 
< .01

0.60 (0.27), 
.02

2.49 (0.29), 
< .01

JFLS: Expressiveness 0.13 (0.04), < .01 –0.01 (0.07), 
0.87

0.09 (0.10), .34 0.26 (0.15), 
.07

0.45 (0.20), 
.02

1.84 (0.40), 
< .01

JFLS: Global 0.26 (0.04), < .01 0.07 (0.08), 
.35

0.30 (0.10), 
< .01

0.72 (0.18), 
< .01

0.93 (0.23), 
< .01

2.50 (0.21), 
< .01

TSK-TMD: Activity 
avoidance

0.24 (0.04), < .01 0.28 (0.12), 
.01

0.44 (0.14), 
< .01

0.62 (0.16), 
< .01

0.75 (0.32), 
.02

1.83 (0.44), 
< .01

TSK-TMD: Somatic focus 0.24 (0.05), < .01 0.13 (0.09), 
.14

0.50 (0.13), 
< .01

0.62 (0.15), 
< .01

0.50 (0.32), 
.11

2.34 (0.47), 
< .01

OBC: Total 0.31 (0.04), < .01 0.27 (0.11), 
.01

0.67 (0.14), 
< .01

0.87 (0.19), 
< .01

1.24 (0.17), 
< .01

1.66 (0.39), 
< .01

Est = estimated mean difference; SE = standard error; (r) = reverse scoring; MM = masticatory muscle; JFLS = Jaw Functional Limitation Scale;  
TSK-TMD = Tampa Scale for Kinesiophobia; OBC = Oral Behaviors Checklist.
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Appendix 4   Estimates of Linear Association and Pairwise Comparisons Between Extent of  
Non-TMD COPC and z Scores of Measures Germane to TMD Adjusted for  
Study Site and Demographic Characteristics

Linear association Est (SE), P 

Measure β (SE), P
1 vs 0 

COPCs
2 vs 0 

COPCs
3 vs 0 

COPCs
4 vs 0 

COPCs

Pain-free jaw opening (r) 0.26 (0.05), < .01 0.24 (0.10), .01 0.42 (0.13), < .01 0.43 (0.19), .02 1.88 (0.43), 
< .01

Maximum unassisted jaw 
opening (r)

0.13 (0.06), .05 0.18 (0.11), .11 0.09 (0.14), .52 –0.02 (0.17), .88 1.47 (0.45), 
< .01

Maximum assisted jaw 
opening (r)

0.09 (0.07), .15 0.16 (0.12), .16 0.00 (0.13), .97 –0.06 (0.18), .73 1.27 (0.49), 
< .01

MM pain: Motion 0.17 (0.05), < .01 0.13 (0.11), .23 0.27 (0.14), .04 0.30 (0.25), .23 1.25 (0.33), 
< .01

MM pain: Palpation 0.36 (0.05), < .01 0.38 (0.11), < .01 0.58 (0.14), < .01 0.91 (0.26), 
< .01

2.04 (0.08), 
< .01

MM pain: Motion + palpation 0.33 (0.05), < .01 0.34 (0.12), < .01 0.57 (0.14), < .01 0.77 (0.27), 
< .01

1.89 (0.08), 
< .01

MM familiar pain: Motion 0.23 (0.05), < .01 0.15 (0.09), .07 0.36 (0.14), .01 0.58 (0.27), .03 1.52 (0.36), 
< .01

MM familiar pain: Palpation 0.31 (0.05), < .01 0.24 (0.09), 
< .01

0.54 (0.13), < .01 0.64 (0.26), .01 2.14 (0.18), 
< .01

MM familiar pain: Motion + 
palpation

0.31 (0.05), < .01 0.22 (0.09), .01 0.60 (0.14), < .01 0.61 (0.26), .01 2.02 (0.21), 
< .01

Neck pain: Palpation 0.22 (0.05), < .01 0.34 (0.11), < .01 0.41 (0.14), < .01 0.34 (0.21, .09 1.24 (0.11), 
< .01

Body pain: Palpation 0.23 (0.06), < .01 0.23 (0.09), .01 0.49 (0.12), < .01 0.20 (0.32), .52 1.64 (0.18), 
< .01

Neck familiar pain: Palpation 0.26 (0.05), < .01 0.17 (0.09), .07 0.45 (0.13), < .01 0.60 (0.27), .02 1.77 (0.27), 
< .01

Body familiar pain: Palpation 0.27 (0.06), < .01 0.15 (0.09), .10 0.39 (0.13), < .01 0.52 (0.29), .07 2.26 (0.25), 
< .01

Nonspecific jaw symptoms 0.34 (0.05) , < .01 0.29 (0.08), 
< .01

0.66 (0.12), < .01 0.86 (0.23), 
< .01

1.73 (0.55), 
< .01

TMJ function by history 0.26 (0.04), < .01 0.12 (0.10), .22 0.58 (0.10), < .01 0.67 (0.17), < .01 1.28 (0.39), .01

JFLS: Chewing 0.24 (0.05), < .01 0.08 (0.09), .35 0.34 (0.12), < .01 0.78 (0.28), 
< .01

1.58 (0.47), 
< .01

JFLS: Opening 0.21 (0.06), < .01 0.02 (0.08), .80 0.39 (0.14), < .01 0.35 (0.20), .07 1.63 (0.58), 
< .01

JFLS: Expressiveness 0.11 (0.05), .03 –0.03 (0.07), .63 0.07 (0.09), .39 0.18 (0.14), .20 1.28 (0.46), 
< .01

JFLS: Global 0.22 (0.05), < .01 0.03 (0.08), .68 0.33 (0.11), < .01 0.52 (0.19), < .01 1.72 (0.53), 
< .01

TSK-TMD: Activity avoidance 0.21 (0.05), < .01 0.19 (0.12), .09 0.38 (0.12), < .01 0.40 (0.23), .07 1.30 (0.47), 
< .01

TSK-TMD: Somatic focus 0.21 (0.06), < .01 0.17 (0.09), .06 0.39 (0.12), < .01 0.32 (0.21), .12 1.48 (0.70), .03

OBC: Total 0.30 (0.05), < .01 0.30 (0.11), < .01 0.60 (0.14), < .01 0.78 (0.23), 
< .01

1.40 (0.30), 
< .01

Est = estimated mean difference; SE = standard error; (r) = reverse scoring; MM = masticatory muscle; TSK-TMD = Tampa Scale for Kinesiophobia; 
OBC = Oral Behaviors Checklist. 
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Appendix 5  Summary Measures of Model Fit for Random Forest Models

Model fit for prediction of:

Metric TMD Headache IBS LBP Fibromyalgia

Observed cases, % 0.278 0.412 0.241 0.212 0.079

Area under precision-recall curve 0.883 0.690 0.290 0.426 0.438

Area under receiver operator characteristic 
curve

0.957 0.743 0.598 0.745 0.928

Brier score 0.078 0.201 0.219 0.179 0.093

Mutual information index 0.302 0.064 0.008 0.042 0.084

Proportion of variance explained 0.642 0.204 0.083 0.152 0.405

Maximum variable importance factor:  
Predicting cases

0.557 0.213 0.048 0.087 0.457

Maximum variable importance factor:  
Predicting controls

0.002 0.046 0.021 0.027 0.001

Maximum variable importance factor: All 0.032 0.033 0.005 0.010 0.001
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