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Abstract
Background: Chronic facial pain often overlaps with pain experienced elsewhere in the body, although previous studies have
focused on a few, selected pain conditions when assessing the degree of overlap.
Aim: To quantify the degree of overlap between facial pain and pain reported at multiple locations throughout the body.
Methods: Data were from a case–control study of US adults participating in the Orofacial Pain: Prospective Evaluation and Risk
Assessment (OPPERA) project. Theywere interviewed todetermine thepresenceof chronic facial pain (n5424cases) or its absence (n5
912 controls). A mailed questionnaire with a body drawing asked about pain at other locations. Odds ratios (ORs) and 95% confidence
limits (95%CLs) quantified the degree of overlap between facial pain andpain at other locations. For replication, cross-sectional datawere
analyzed from the UK Biobank study (n5 459,604 participants) and the US National Health Interview Survey (n5 27,731 participants).
Results: In univariate analysis, facial pain had greatest overlap with headache (OR5 14.2, 95% CL5 9.7–20.8) followed by neck
pain (OR5 8.5, 95% CL5 6.5–11.0), whereas overlap decreased substantially (ORs of 4.4 or less) for pain at successively remote
locations below the neck. The same anatomically based ranking of ORs persisted in multivariable analysis that adjusted for
demographics and risk factors for facial pain. Findingswere replicated in the UKBiobank study and the USNational Health Interview
Survey. The observed anatomical selectivity in the degree of overlap could be a consequence of neurosensory and/or affective
processes that differentially amplify pain according to its location.
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1. Introduction

Painful temporomandibular disorder (TMD) is themost frequent form
of chronic orofacial pain, affecting an estimated 11.5 million US
adultswith annual incidenceof 3.5%.23Aswith several other typesof

chronic, musculoskeletal pain, the symptoms are not sufficiently
explained by clinical findings such as injury, inflammation, or other

proximate cause. Moreover, studies consistently report that TMD
symptoms exhibit significant statistical overlap with other chronic

pain conditions,25 suggesting the existence of common etiologic

pathways.1 Most studies of overlap with orofacial pain have focused
on selected pain conditions, classified according to clinical criteria

(eg, headaches, cervical spine dysfunction, and fibromyalgia5),
location of self-reported pain (eg, back, chest, stomach, and head2),

or the number of comorbid pain conditions.11 Although there is
a long tradition of depicting overlap between pain conditions

qualitatively using Venn diagrams,28 we know of few studies that
have quantified the degree of overlap between TMD and pain at

multiple locations throughout the body.24

Overlap of pain symptoms can occur when there are common
etiologic factors contributing to each of the overlapping pain
conditions.1 One example is diabetes that contributes, etiolog-

ically, to neuropathy in the feet and retinopathy in the eye, thereby
creating overlap, statistically, of diseases at opposite ends of the
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body. The etiologic factormost widely cited to account for overlap of
pain conditions is central sensitization, defined as “amplification of
neural signaling within the central nervous system (CNS) that elicits
pain hypersensitivity.”27 The amplification means that otherwise
innocuous sensations are perceived as painful (ie, allodynia) and that
formerly mildly painful stimuli now evoke severe pain (ie, hyper-
algesia). However, somatosensory afferent inputs into the CNS are
segmentally organized, making it plausible that sensitization is not
uniform throughout the neuraxis.17 Jensen10 coined the term
“segmental central sensitization” to explain heightened thermal
sensitivity and palpation tenderness specific to cranial sites during
episodes of tension-type headache. Segmental sensitization is now
recognized as an important component of many chronic pain
conditions.3

Regardless of pain location, overlap creates serious problems
for patients, adding to the suffering and disability caused by
a single pain condition, and potentially complicating diagnosis
and treatment for one or all of the overlapping conditions. This has
broader implications for patients with multiple chronic illnesses
who have poorer health outcomes and generate significantly
greater health care costs than patients with a single illness.18

Thus, the aim of this epidemiological study was to quantify the
degree of overlap between facial pain and pain reported
elsewhere in the body.

2. Methods

We first quantified overlap between facial pain and pain at other
locations using data from a community-based case–control
study that was part of the OPPERA project (Orofacial Pain:
Prospective Evaluation and Risk Assessment). We then repli-
cated the associations in 2 large population-based surveys that
asked about pain at multiple anatomical locations. This article
follows STROBE guidelines.26 The study was reviewed and
approved by the UNC Office of Human Research Ethics (study
13-2232).

2.1. Primary data collection: theOPPERAcase–control study
of chronic temporomandibular disorder

The primary data collection was a case–control study of chronic
TMD conducted in the second phase of the OPPERA project
(NIDCR Study Protocol 12-052-E). Enrollment began in Novem-
ber 2013 and ended in May 2016. The target population was
adults, aged 18 to 74 years, living in counties near 4 US study
sites: Baltimore, MD, Buffalo, NY, Chapel Hill, NC, and Gaines-
ville, FL. Other inclusion criteria were living or working in sampled
counties; and fluency in written and spoken English. Exclusion
criteria were any of 7 self-reported health conditions: kidney
failure or dialysis; heart disease not controlled with medication;
chronic respiratory disease not controlled with medication;
hypertension not controlled with medication; epilepsy or medi-
cation to control grand mal seizures; diabetes not controlled with
medication or diet; and psychiatric disorders or conditions that
required hospitalization in the preceding 6 months.

A sampling frame of listed telephone numbers in counties near
each study site was purchased and used for “cold-calling”
recruitment that was managed by the Data Coordinating Center.
Study sites also used flyers, advertisements, and email solic-
itations, asking potential study participants to phone the call
center. Trained interviewers at the call center used a computer-
assisted telephone interview system to explain the nature of the
study, seek verbal consent for an interview, determine eligibility,
assess demographic characteristics, and ask screening

questions that were used to classify the presence or absence
of facial pain (see Supplementary Material: Telephone Screening
Interview, http://links.lww.com/PR9/A43).

2.2. Telephone interview to determine facial pain case-
classification

Interviewers asked about pain in each of 6 craniofacial locations:
face, jaw, ear, front of the ear, headaches in temples, and pain in
your temples other than headaches (Supplementary Material:
Telephone Screening Interview, Q9, available at http://link-
s.lww.com/PR9/A43). A separate question asked about tooth-
ache and ear infection. Subjects were classified as chronic facial
pain cases if they reported pain in one or more craniofacial
locations that occurred for 5 days or more per month for at least 6
of the preceding 12 months. However, toothache or ear infection
was exclusionary, consistent with similar exclusionary criteria
applied for clinical classification of TMD.20 Controls reported no
such facial pain in the preceding 6 months, were not wearing
a night guard occlusal splint, and had never been diagnosed
with TMD.

2.3. Self-completed questionnaire

Subjects selected as cases or controls during the telephone
interview were mailed a consent form and a self-completed
questionnaire (see Supplementary Material: Subject-Completed
Questionnaire, available at http://links.lww.com/PR9/A43). The
3-page questionnaire included anterior and posterior views of
a line drawing, depicting a body manikin labelled with 41 check
boxes naming specific anatomical locations. A lead-in question
asked “During the past 3 months, have you had any aches or
pains anywhere in the body that have lasted for one day or
longer?” Those responding affirmatively were asked to endorse
one or more check boxes signifying the location of pain. Another
question asked “In the past 30 days, howmany headaches of any
type have you had?” and the response was recorded in days.

Other questions asking about the presence or absence of 6
jaw symptoms in the preceding 30 days (eg, stiffness and
cramping) were used to create a count of nonspecific jaw
symptoms. Likewise, the presence or absence of 8 common
health conditions (eg, arthritis and acid reflux) was used to create
a count of comorbid conditions. Extent of distress from non-
painful somatic symptoms in the preceding 7 days was assessed
using a 7-question subscale (eg, faintness, hot or cold spells)
from the somatization scale of the SCL90-R questionnaire.6,15

Questions about cigarette smoking was also included in the
questionnaire because smoking is a risk factor for TMD.19

2.4. Replication data sets: the UK Biobank study and the US
National Health Interview Survey

Corroborating evidence was sought using publicly available data
from 2 studies. The UK Biobank study enrolled volunteers aged
40 to 69 years who were patients registered with the UK National
Health Service living within an approximate 25-mile radius of 22
assessment centers in England, Scotland, and Wales. Of the 9.2
million people invited, 503,325 enrolled between 2007 and
201012 and 459,604 participants answered questions about
pain. The first was a screening question that asked “In the past
month, have you experienced any of the following that interfered
with your usual activities?” Response options were one or more
of: Headache; Facial pain; Neck or shoulder pain; Back pain;
Stomach or abdominal pain; Hip pain; Knee pain; or Pain all over
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the body. For each affirmative response, a second question
asked “Have you had [type of pain] for more than 3 months?,”
with response options of yes or no. For the purpose of
comparison with the OPPERA study, this analysis was limited
to 6 types of pain (stomach and widespread pain were excluded).
The UK Biobank variable codes for those 6 types of pain were
4067 (facial pain), 3799 (headache), 3404 (neck/shoulder pain),
3571 (back pain), 3414 (hip pain), and 3773 (knee pain). For each
type of pain, cases were subjects who responded positively to
both questions (eg, facial pain that interfered with usual activities
AND facial pain that had lasted for more than 3months), whereas
controls were subjects who responded negatively to the first
question (ie, did not report facial pain that interfered with usual
activities). Subjects were excluded from the analysis if they
reported any specific type of pain that had lasted for less than 3
months.

The second replication data set was from the US National
Health Interview Survey (NHIS) conducted annually by the
National Center for Health Statistics. It selects a nationally
representative sample of the civilian, noninstitutionalized pop-
ulation of the United States. Sampled subjects complete face-to-
face interviews conducted by trained interviewers from the US
Census Bureau. Tomatch the age range studied in OPPERA, this
analysis of data from the 2009 survey was restricted to the 27,731
participants aged 18 to 74 years who answered 4 questions
about pain experienced in the preceding 3 months: “Facial ache
or pain in the jaw muscles or the joint in front of the ear,” “Severe
headache or migraine,” “Neck pain,” and “Lower back pain,”
each reported as “Yes” or “No.” (“Don’t know” responses were
coded as missing). Other questions asked about joint pain
experienced during the preceding 12 months, and those
responding affirmatively were asked to list one or more affected
joints from a list of 16 joints below the neck (shoulders, elbows,
fingers, hips, wrist, knee, ankle, and toes, each listed bilaterally).

2.5. Statistical analysis

By definition, the concept of overlap begins with an “index”
condition,7 which, in this OPPERA study, was the case–control
classification of chronic facial pain determined during the
telephone screening interview. Other potential overlapping pain
conditions were derived from responses to the self-completed
questionnaire, whichwere used to create a binary indicator for the
presence or absence of headache (zero vs one or more days of
headache) and for the presence or absence of pain at each of 6
body locations, aggregated from the 35 noncranial checkbox
locations depicted in the manikin: neck, shoulders, trunk, hips,
arms, and legs. To quantify overlap between facial pain and each
of the other pain locations, odds ratios (ORs) and their 95%
confidence limits (95% CLs) were computed using contingency
tables.

Recognizing that the degree of overlap could be confounded
by risk factors for facial pain that are likewise associated with
other pain conditions, we used multivariable logistic regression
models to estimate unconfounded associations. Three groups of
potential risk factors were used in the multivariable models:
demographics, health-related behavior, and biopsychosocial risk
profile. Demographic variables were age (in years, modeled as
a continuous variable), sex (2 categories: male and female), self-
reported race (4 categories: White, African American, Asian, and
other/mixed), and self-reported ethnicity (2 categories: Hispanic
and non-Hispanic). The single health-related behavior variable
was history of cigarette smoking (3 categories: current, former, or
never).

Among themany relevant biopsychosocial risk factors for facial
pain,8 the available risk factor variables were limited to responses
from one self-completed questionnaire, which were used to
assign subjects to a “pain symptom cluster,” hence serving as
a maker of a subject’s overall biopsychosocial risk profile. The
clustering method was developed and validated in a previous
OPPERA study using hundreds of pain-related phenotypic
characteristics.4 For this analysis, cluster membership was
classified with a statistical prediction model based on 3 predictor
variables used in both the current study and the previous
OPPERA study: the nonpain somatization subscale of the
SCL90-R, the count of nonspecific jaw symptoms, and the count
of comorbid conditions. The first step in developing the prediction
model used data from n 5 2,118 subjects in the previous
OPPERA study.4 The data set was randomly partitioned into
a training set and a test set (with equal numbers of participants in
both partitions). The training data set was used to fit a nearest
centroid model to predict membership in the global symptoms
cluster based on the 3 summary variables. After validating the
model, it was applied to the data collected in this study to assign
participants to either the global symptoms cluster or the
combined adaptive- and pain-sensitive clusters.

For descriptive purposes, heat maps were created to
graphically depict the percentage of subjects in the OPPERA
case–control studywho reported pain in each bodily location. The
heat maps were generated separately according to facial pain
case-classification and the dichotomized pain symptom clusters.
To quantify overlap between facial pain and each other pain
locations, univariate ORs and their 95% CLs were computed
using contingency tables. Multivariable binary logistic regression
was then used to estimate adjusted ORs that accounted for
demographics, cigarette smoking, and pain symptom cluster.

The UK Biobank data were analyzed using binary logistic
regression models, with each model estimating the univariate
association between facial pain and one other pain condition:
headache, neck/shoulder pain, back pain, hip pain, or knee pain.
Each model additionally controlled for age (in years), sex (2
categories: male and female), and 5 racial eigenvectors derived
from principal component analysis of ancestry-informative
genetic markers. The NHIS data were analyzed with SAS survey
estimation procedures that used survey design variables and
sampling weights to generate estimates that were generalizable
to the US adult population. Odds ratios and 95% CLs were
estimated using binary logistic regression models to quantify the
association between facial pain and each of 4 other pains:
headache, neck pain, back pain, and 2 or more below-neck
joints. The models adjusted for age (in years, modeled as
a continuous variable), sex (2 categories: male and female), self-
reported race (4 categories: White, African American, Asian, and
other/mixed), and self-reported ethnicity (2 categories: Hispanic
and non-Hispanic). There was no additional multivariable
modeling of data from the UKBiobank andNHIS studies because
they did not collect the same set of covariates used in multivari-
able analysis of the OPPERA study. Instead, judgments about
replication were based on comparisons across the 3 studies of
the univariate ORs.

3. Results

3.1. Primary data collection: theOPPERAcase–control study
of chronic temporomandibular disorder

During the 30-month recruitment period, 783,739 attempts were
made to call 166,062 phone numbers in the OPPERA case–
control study. Many yielded no response after 6 attempts and
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others were excluded, yielding 2,430 subjects who completed
the screening interview and were eligible for the case–control
study: 725 subjects were facial pain cases and 1,705 were
controls (Appendix Fig. 1, http://links.lww.com/PR9/A43). Fifty-
five percent of them (n 5 1,336 subjects; 424 cases and 912
controls) completed mailed questionnaires and hence were
included in this analysis. The percentage of eligible subjects
who completed mailed questionnaires varied according to study
site, age, race/ethnicity, and screening case-classification,
although not according to sex (Appendix Table 1, http://
links.lww.com/PR9/A43). Compared to the reference standard
for cluster classification in our previous study,4 the predictive
accuracy of the model used to classify pain symptom cluster was
found to be very good: sensitivity was 69.5%, specificity was
89.7%, and percent agreement was 86.1%.

Relative to controls, chronic facial pain cases had a younger
age distribution, greater percentages of cases were females and
non-whites, and a greater percentage of cases were smokers.
Cases were much more likely than controls to be in the global
symptoms cluster and, conversely, less likely to be in the
adaptive/pain-sensitive cluster (all P value ,0.05; Table 1).

Pain was endorsed on the body manikin most frequently in the
head and least frequently in the forearms, a pattern that was
consistent for each cluster within each case–control group (Fig.
1). For a given anatomical location, there was an expected pattern
of variation in pain frequency according to facial pain classification
and symptom cluster: for example, controls with nonglobal
symptoms had the lowest frequency, whereas cases with global
symptoms had the greatest frequency. The other 2 groups had
intermediate pain frequency, although the second- and third-
ranking varied according to pain location. That is, facial pain
cases with nonglobal symptoms were more likely to endorse

headache than controls with global symptoms, whereas for
virtually all anatomical locations below the neck, the order was
reversed: facial pain cases with nonglobal symptoms were less
likely to endorse pain than controls with global symptoms. Neck
pain was reported with similar frequency in the 2 groups: 36.8%
and 40.9%, respectively (Appendix Table 2, http://links.lww.com/
PR9/A43).

In univariate analysis, facial pain was most strongly associated
with headache (OR 5 14.2, 95% CL 5 9.7–20.8) followed by
neck pain (OR5 8.5, 95%CL5 6.5–11.0; Table 2). Pain at other
locations was also significantly associated with facial pain,
although ORs were 4.6 or less. The same anatomical ranking of
ORs was seen in multivariable analysis that aggregated the data
to 3 types of pain: headache, neck pain, and any below-neck pain
(Table 3, Model 1). The corresponding ORs for association with
facial pain were again ranked anatomically in models that
additionally adjusted for demographics and smoking (Table 3,
Model 2) and also for pain symptom cluster (Table 3, Model 3). In
each instance, ORs were attenuated somewhat after adjustment
for other variables, although the OR for headache was
approximately twice that of neck pain and 3 times that of
below-neck pain.

3.2. Replication data sets: the UK Biobank study and the US
National Health Interview Survey

In the UK Biobank study (n 5 459,604 participants), 0.9% of
subjects reported chronic facial pain (95% CL 5 0.8–0.9),
whereas the percentage reporting other types of chronic pain
varied from 9% for headache to 18% for back pain. The univariate
association with facial pain was greatest for headache (OR 5
10.9, 95%CL5 10.2–11.6) and smallest for knee pain (OR5 2.6,

Table 1

Distribution of demographic characteristics and covariates: the OPPERA case–control study of facial pain.

Characteristics Column % (n) distribution of groups in: P*

Facial pain–free controls (n 5 912) Facial pain cases (n 5 424)

Group
Study site
NY 28.5 (260) 33.7 (143) ,0.0001
NC 39.7 (362) 25.5 (108)
FL 18.3 (167) 21.2 (90)
MD 13.5 (123) 19.6 (83)

Age group
18–24 y 7.7 (70) 13.0 (55) ,0.0001
25–34 y 9.0 (82) 16.8 (71)
35–44 y 14.7 (134) 15.6 (66)
45–54 y 29.3 (267) 26.9 (114)
55–64 y 19.1 (174) 16.8 (71)
65–74 y 20.3 (185) 11.1 (47)

Gender
Male 38.4 (350) 25.7 (109) ,0.0001
Female 61.6 (562) 74.3 (315)

Race/ethnicity
White 82.1 (749) 76.4 (324) 0.027
Black/African American 10.0 (91) 14.6 (62)
Asian 2.9 (26) 1.7 (7)
Hispanic 2.0 (18) 3.1 (13)
Other/not stated 3.1 (28) 4.3 (18)

Cigarette smoking
Never 62.4 (569) 54.7 (232) ,0.0001
Former 26.3 (240) 25.0 (106)
Current 11.3 (103) 20.3 (86)

Pain risk cluster
Adaptive/pain sensitive 81.0 (739) 33.0 (140) ,0.0001
Global symptoms 13.6 (124) 61.8 (262)
Not classified 5.4 (49) 5.2 (22)

* P value from the x2 test of null hypothesis that cases and control have equivalent distributions of characteristic.
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95% CL 5 2.4–2.7), with intermediate values for neck/shoulder,
back, and hip pain (Table 4).

In the NHIS study (n 5 27,731 participants), the population-
weighted estimate of prevalence of facial pain among US adults
was 5.2% (95% CL 5 4.9–5.5) and prevalence of other pain
conditions varied from 16% for neck pain to 28% for back pain.
Univariate associations with facial pain were more pronounced
for neck pain (OR 5 8.0, 95% CL 5 6.9–9.4; Table 4) and
headache (OR5 6.4, 95% CL5 5.5–7.4) than for back pain (OR
5 4.8, 95% CL 5 4.1–5.6) or joint pain (OR 5 4.1, 95% CL 5
3.6–4.8).

4. Discussion

In this community-based sample of adults in theOPPERAproject,
there was, as expected, considerable overlap between facial pain
and pain elsewhere in the body. The noteworthy finding was that
the degree of overlap wasmuch greater for craniocervical pain (ie,
headache or neck pain) than for pain in anatomical locations
below the neck. Odds ratios signifying the magnitude of overlap
between craniocervical pain and facial pain were about twice the
value observed for below-neck pain and facial pain, a pattern that
was independent of pain symptom cluster and other potential
confounding characteristics. A similarly distinctive anatomical
pattern of univariate associations was seen in 2 large replication
cohorts, suggesting that this phenomenon of anatomical
selectivity in the degree of overlap with facial pain was generaliz-
able to diverse population samples.

Overlap of orofacial pain and headache may appear un-
surprising, given the trigeminal nerve’s innervation of the head
and face. However, the underlying mechanism cited most
frequently to account for overlap of the pain symptoms studied
here is central sensitization.27 In this instance, segmental
sensitization provides a more nuanced explanation that might
account for anatomical variation in the degree of overlap
observed here. Early evidence of segmental sensitization came
from a study of patients with tension-type headache who were

assessed for palpation tenderness in muscles and tendons of the
head and neck and thermal pain sensitivity in the head and
hand.10 Compared to periods without headache, both palpation
tenderness and cranial thermal pain sensitivity increased during
episodes of headache, but thermal pain sensitivity in the hand did
not change. The authors concluded that headache contributes
selectively to sensitization in the pericranial region, not remotely,
a pattern that is consistent with segmental sensitization. Likely,
neurologic mechanisms underlying segmental sensitization were
suggested in a rodent study demonstrating that nociceptive
neurons in the first cervical dorsal horn receive an extensive
afferent input from multiple tissues in the craniocervical region,
but little input from afferents caudal to C2 innervation.13 The
authors concluded that afferent convergence in first cervical
dorsal horn nociceptive neurons was a plausible explanation for
pain referral in clinical conditions such as TMDs, whiplash, and
headache.

By definition, pain is an unpleasant sensation, and it is also
possible that the affective component of pain is influenced by
anatomical location of the symptoms. For example, one study
used a rodent model to show how craniofacial pain activates an

Figure 1. Anatomical distribution of pain in 4 study groups: OPPERA case–control study of facial pain. Color coding signifies location and proportion of subjects
reporting $1 headache during the preceding 30 days or reporting pain at any of 35 noncraniofacial locations that had lasted $1 day during the preceding 3
months. Subjects are stratified according to the presence or absence of facial pain (classified as$5 days permonth for$6 of the preceding 12months) and type of
pain symptom cluster: global symptoms or nonglobal symptoms. (A) Nonfacial pain controls, nonglobal symptoms (n 5 739); (B) nonfacial pain controls, global
symptoms (n 5 124); (C) facial pain cases, nonglobal symptoms (n 5 140); and (D) facial pain cases, global symptoms (n 5 262).

Table 2

Univariate associationswith facial pain: theOPPERAcase–control
study of facial pain (n 5 1,336 subjects).

Pain location Odds ratio (95% confidence limits)

Craniocervical
Headache 14.2 (9.7–20.8)
Neck 8.5 (6.5–11.0)

Below-neck location
Shoulders 4.6 (3.6–5.9)
Trunk 4.4 (3.4–5.6)
Hips 3.6 (2.8–4.7)
Arms 3.9 (3.0–5.0)
Legs 3.1 (2.4–3.9)

Any below-neck 5.2 (3.9–7.0)
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“affective pain circuit” that amplified pain aversiveness.17

However, other cells and biological systems in the CNS also
regulate pain, including Schwann cells and satellite cells in dorsal
root ganglia and microglia and astrocytes in the spinal cord.21

Although those pathways probably influence pain symptoms
reported here, it is not likely that they could fully account for
anatomical variation in the degree of overlap.

Although spinal/trigeminal segmental sensitization seems
a plausible explanation for these findings, this study did not
conduct any quantitative sensory testing that would be needed
help to confirm the explanation. It is also conceivable that
prolonged nociceptive input from a particular anatomical location
could promote cerebral reorganization, such that increased
somatosensory or attentional resources are allocated to that
region of the body. Indeed, cortical reorganization has been
documented in multiple chronic pain conditions, particularly in
somatosensory and motor regions.9,14,22

Another noteworthy finding in the OPPERA study was the
independent contribution of pain symptom cluster classification
to the distribution of pain symptoms. As indicated by the pain
location heat maps, subjects in the global symptoms cluster
reported pain more widely than subjects who were not in that
cluster (ie, either “adaptive” or “pain sensitive”). The difference
was likewise observed within facial pain cases, indicating that the
condition of “facial pain” itself reflects a heterogeneous set of

underlying and coexisting pain disorders. As expected, facial pain
cases in the global symptoms cluster were more likely to have
pain outside the orofacial region than facial pain cases who were
not in that cluster. However, the effects were independent: the
global symptoms cluster did not account for the distinctive
anatomical ranking of ORs between each pain location and facial
pain seen in the multivariable model.

One methodological limitation of this study was the extent of
nonparticipation by people invited to participate in the OPPERA
Protocol 12-052-E. While every effort was made to obtain
a sample representative of the populations living near each study
site, the low response ratemeans that the participants studied are
effectively a convenience sample of people in those communities
who were willing to complete study procedures. In principle, the
UK Biobank sample is intended to represent the 95% of the
United Kingdom that is registered with the National Health
Service, although that study, like OPPERA, enrolled only a small
fraction of people invited to participate. By contrast, however, the
NHIS uses a rigorous sampling method to select a nationally
representative sample, and participation rates have exceeded
85% in recent decades. Replication of the OPPERA findings in
those cohorts suggests that biases due to uncertain represen-
tativeness were not a serious problem for this study of pain
overlap. Another limitation arises from reliance upon self-reported
history and symptoms of pain. For example, our classification of

Table 3

Unadjusted and adjusted associations with facial pain: the OPPERA case–control study of facial pain (n 5 1,265 subjects).

Predictor variable Odds ratio (95% confidence limits) for association with facial pain

Univariate Multivariable

Model 1: Pain location Model 2: model 1 1 demographics Model 3: model 2 1 risk cluster

Headache 14.2 (9.7–20.8) 9.9 (6.7–14.8) 8.3 (5.5–12.6) 6.3 (4.1–9.8)

Neck 8.5 (6.5–11.0) 4.5 (3.3–6.1) 4.5 (3.3–6.1) 3.1 (2.2–4.4)

Any below-neck 5.2 (3.9–7.0) 2.7 (1.9–3.8) 3.0 (2.1–4.3) 2.1 (1.4–3.1)

Gender (ref 5 male)
Female 1.4 (1.0–1.9) 1.3 (0.9–1.9)

Race (ref 5 White)
Black/African American 1.7 (1.1–2.5) 1.7 (1.1–2.7)
Other 0.9 (0.5–1.7) 0.8 (0.4–1.5)

Smoking (ref 5 never)
Current 2.0 (1.3–3.1) 1.4 (0.8–2.2)
Former 1.3 (0.9–1.9) 1.2 (0.8–1.7)

Age (per decade) 0.8 (0.7–0.9) 0.7 (0.6–0.8)

Cluster (ref 5 adaptive/pain sensitive)
Global symptoms 6.3 (4.4–9.1)

Table 4

Associations with facial pain in 2 replication cohorts of UK and US adults.

UK Biobank study (n 5 459,604) US National Health Interview Survey (n 5 27,731)

Type of pain OR (95% CL) Type of pain OR (95% CL)

Headache 10.9 (10.2–11.6) Severe headache or migraine 6.4 (5.5–7.4)

Neck/shoulder 5.6 (5.2–5.9) Neck pain 8.0 (6.9–9.4)

Back pain 3.4 (3.2–3.6) Back pain 4.8 (4.1–5.6)

Hip pain 3.2 (2.9–3.4) Joint pain ($2 joints) 4.1 (3.6–4.8)

Knee pain 2.6 (2.4–2.7)

Odds ratios represent the association between each type of pain and facial pain adjusted for age (in years, modeled as a continuous variable), sex (2 categories: male and female), and race (in the UK Biobank, 5 racial

eigenvectors derived from principal component analysis of ancestry-informative genetic markers; in the NHIS, 4 self-reported categories of race were White, African American, Asian, and other/mixed, and 2 self-reported

ethnicities were Hispanic and non-Hispanic).

CL, confidence limit; NHIS, National Health Interview Survey; OR, odds ratio.
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facial pain excluded toothache, which is sometimes the label
used by people who actually have TMD. When examiners
diagnose TMD using established criteria,20 they likewise exclude
toothache, although the clinical evaluation permits greater
accuracy making that exclusion than was possible in this study.

Aside from casting light on anatomical selectivity in overlap of
bodily pain and facial pain, the presence and nature of pain
comorbidities may have implications for TMD therapy. For
example, a randomized controlled trial that evaluated efficacy of
oral splints in treating TMDmyalgia found significant improvement
over controls for TMD cases having only regionally restricted
myalgia, whereas TMD patients with more widespread pain did
not benefit from the oral splints.16 Another practical implication of
this study was the value of comorbid conditions assessed using
simple methods that are practical to use in clinical care or clinical
studies. Specifically, the brief set of questions about somatic
symptoms, a checklist of health conditions, and nonspecific jaw
symptoms proved adequate to classify subjects into pain
symptom clusters that appear to be a good proxy for central
sensitization. Likewise, the body manikin proved to be a simple
method to capture widespread pain symptoms.
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