
Use of a Structural Equation Model for Prediction of
Pain Symptoms in Patients with Orofacial Pain and
Temporomandibular Disorders 

Temporomandibular disorders (TMD) and orofacial pains
are often complex multifactorial problems with prevalence
rates of 5 to 7%1 and predominantly affect women.2 These

disorders often are associated with many comorbidities, neuroen-
docrine-autonomic imbalances, significant pain, psychological
stress, and disrupted mood systems.3 Masticatory muscle pain
(MMP) involves pain in the muscles of chewing4 and is the pre-
dominant symptom in about 50% of orofacial pain cases.1

Comorbid pain, such as cervical pain, headache, chronic fatigue,
and fibromyalgia, are also common among persons with
MMP.5–10
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Aims: To develop and test a biopsychosocial model using struc-
tural equation modeling for predicting orofacial pain symptoms in
a sample of patients with masticatory muscle pain (MMP).
Methods: Data were collected from clinic records of 251 adult
patients who presented for initial evaluation to the Orofacial Pain
Center at the University of Kentucky College of Dentistry and
were subsequently diagnosed with MMP. Data were used to fit a
model relating stressors, psychological distress, arousal, sleep
problems, oral parafunction, and pain symptoms. Items from the
Multidimensional Pain Inventory (MPI) and the IMPATH:TMJ, 
a comprehensive biopsychosocial assessment of patients with tem-
poromandibular disorders (TMD), were used to construct a 
measurement model of five latent variables. Results: Estimation of
the model indicated a good fit to the data and significant associa-
tions between stressors, psychological distress, arousal, sleep 
problems, and pain symptoms. Sleep problems partially mediated
the relation between arousal and pain symptoms. Contrary to
hypotheses, no association occurred between oral parafunction
and pain symptoms, possibly indicating that any relationship
between oral parafunction and pain symptoms may not exist.
Conclusion: Results from the model tested in the present study are
an additional step toward developing a more comprehensive
biopsychosocial model explaining the nature and etiology of MMP
in orofacial pain and TMD. With additional development and
testing, it may also serve as an aid to planning interventions, espe-
cially psychosocial interventions targeting stress management, 
psychophysiological regulation, psychological distress, and sleep
problems. J OROFAC PAIN 2010;24:89–100.

Key words: biopsychosocial factors, chronic orofacial pain, 
masticatory muscle pain, structural equation model,
temporomandibular disorders 
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A review of TMD etiology emphasized the
importance of integrating multiple physical and
psychosocial factors in models of pain and disabil-
ity.11 One example of such integration of multi-
level systems for chronic pain conditions was pre-
sented by Lackner et al12 who tested a structural
equation model (SEM) in chronic irritable bowel
syndrome, relating pain sensation and affect to
stages of pain processing. In patients with chronic
low back pain, other researchers used a SEM to
model coping and somatization,13 and also pain
catastrophizing, neuroticism, and pain-related vigi-
lance and fear.14 Of interest may be mediational
models examining linkages between chronic stress
and pathophysiology.15

The complexity of factors suggests that a SEM
relating important biopsychosocial constructs to
pain could improve theoretical understanding. The
literature on associations between various biopsy-
chosocial factors and orofacial pain has revealed
many potentially important parameters such as
oral parafunction, stress, arousal, autonomic and
neuroendocrine changes, emotions, sleep distur-
bance, social, cognitive, and behavioral fac-
tors.3,11,16

Patients with MMP have demonstrated symp-
toms of psychological distress, higher arousal,
heart rate and blood pressure under stress, along
with more anxiety, depression, muscle tension,
greater fatigue, and disturbed sleep than matched
controls.17,18 Patients with MMP also reported
poorer sleep quality on the Pittsburgh Sleep
Quality Index (PSQI) than headache patients.19 In
TMD patients, sleep problems have also been asso-
ciated with increased pain, psychological distress,

poorer coping, and lower perceived control.20–22 In
addition, external stressors, stressful life events,
and posttraumatic stress disorder may lead to the
development, exacerbation, or maintenance of
chronic orofacial pain.23–26 Patients also have
shown higher masticatory muscle tension, oral
parafunction, negative emotional states, financial
strain, depression, stress, work strain, overload,
lower social support, and lower work and life
enjoyment and satisfaction.6,10,24

In summary, patients diagnosed with MMP
evince numerous psychosocial symptoms that
could predict or explain pain symptoms and suf-
fering. In the present study, an initial explanatory
biopsychosocial model was proposed that linked
stressors, psychological distress, arousal, sleep
problems, and oral parafunction to the develop-
ment and maintenance of pain symptoms. This
proposed model is consistent with the theory that
arousal and autonomic and neuroendocrine activa-
tions to environmental challenges or stressors can
produce exhaustion and damage to biological sys-
tems.27,28 This model is also consistent with recent
theories about the origins of orofacial pain and
pain-stress response systems that involve the sym-
pathetic nervous system, hypothalamic-pituitary-
adrenal axis, and antinociceptive networks.3 The
specific aim of the present study was to develop
and test the biopsychosocial model using structural
equation modeling for predicting orofacial pain
symptoms in a sample of patients with MMP. The
study used SEM to test these hypothesized rela-
tionships in a large sample of clinic patients with a
primary MMP diagnosis by using archival data
from clinic records (Fig 1). 

Psychological
distress

Arousal
Pain 

symptomsStressors

Sleep
problems

Oral 
parafunction

Fig 1 Hypothesized structural model predicting pain symptoms.
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Materials and Methods

Sample

Archival data were collected and analyzed on 251
adult patients with a primary diagnosis of MMP
who presented for initial evaluation at the
Orofacial Pain Center at the University of
Kentucky College of Dentistry over a 2-year
period. The patients had previously consented to
clinical and questionnaire data being used in
research under an approved protocol of the
University of Kentucky Medical Institutional
Review Board. This clinical sample consisted of
225 (90%) female patients and 26 (10%) male
patients. The average age of these patients was
35.3 years (range 12.9 to 81.3 years) and the aver-
age age was not different by gender t = 0.84, 
P = .78. Marital status of the patients was as fol-
lows: 47% married; 32% single; 12% divorced;
3% separated; 3% widow/widower; and 3% did
not report. The ethnicity of the patients was 91%
white, 1% black, and the remaining 8% included
Asian, Native Americans, Hispanics, and other.
Thirty-five percent of the patients reported work-
ing full-time, 10% part-time, 8% disabled, 5%
unemployed, 4% retired, 10% homemaker, 16%
student, and the remaining 12% gave no answer.
The average patient reported having one to two
children. The mean (± SD) pain duration was 1.6 ±
1.6 years. In addition to a primary diagnoses of
muscle pain, 158 (62.9%) had a disc or temporo-
mandibular joint (TMJ) problem, 64 (25.5%) had
tension-type headache, 57 (22.7%) had cervical
pain, 22 (8.8%) had migraine headache, 15
(6.0%) had neuropathic pain, and 11 (4.4%) had
fibromyalgia (these numbers add to more than
100% because some patients received more than
one secondary diagnosis). 

Assessment

Clinical and standardized assessment information
was collected from patient records, including
information from a history and background ques-
tionnaire, the clinical chart, based on interview
and physical exam from which diagnoses were
obtained, and questionnaires completed by the
patients, including the Multidimensional Pain
Inventory (MPI)29 and the Integrated Multi -
dimensional Patient Assessment Tool for Health:
Temporomandibular Joint (IMPATH:TMJ).30

Instruments

The data collected included scores from scales on
the MPI, a 52-item questionnaire designed to
examine the impact of chronic pain on patients’
lives, response of others to pain, and participation
in activities.29 The MPI yields 12 subscales, includ-
ing pain and affective distress scales used in the
present model, and has demonstrated reliability
and validity. The MPI scales have stability coeffi-
cients ranging from 0.62 to 0.91 and internal con-
sistency ranging from 0.70 to 0.90. Also used,
were scales from the IMPATH:TMJ.30 The
IMPATH:TMJ is designed to be used for general,
integrated biopsychosocial assessment of TMD. It
has stability of indices ranging from 0.69 to 0.93
and internal consistency from 0.74 to 0.87. The
individual scales range from 1 to 28 with five
anchor points, at the endpoints and at three inter-
mediate points, with frequency or severity labels,
such as “Never” = 1, “Sometimes,” “Half the
Time,” “Usually,” and “Always” = 28.

Creation of Model Variables

Six model variables (ie, five latent constructs and
one directly measured variable) were created to
test the proposed model and the specific study
hypotheses. The five latent variables included:
stressors, psychological distress, arousal, sleep
problems, and pain symptoms. Each of the latent
variables consisted of multiple indicators (or
directly measured variables) which were selected
from the assessments on the basis of content valid-
ity related to the latent variable of interest (Fig 2).
The internal consistency of the five latent variables
constructed was evaluated and each was greater
than 0.90. Specific subscales and items used as
latent variable indicators are described below. The
construction of the model variables is described in
detail in the following sections.
Stressors. This latent variable has three indica-

tors and was formed from three item scales from
the IMPATH:TMJ related to number of financial
problems, amount of emotional support, and
enjoyment of work or usual activities, in the past
month. Thus, the stressor variable is a combination
of indicators that potentially produce stress directly
(eg, financial problems) and those that may buffer
or moderate stress (support, enjoyment).
Psychological distress. This latent variable con-

sisted of four indicators: the affective distress scale
of the MPI, and five item scales from the IMPATH:
TMJ, three of which were combined because they
were highly correlated (average r = 0.54), had high
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internal consistency (Cronbach’s � = 0.8), and
improved measurement model fit and estimation.
The IMPATH:TMJ depression and anxiety scales
were used as separate indicators. The three scales
combined by summing scores into a single indicator
were ratings of anger frequency, feeling bad about
yourself or low self esteem, and confusion about
life (all rated in the past month). 
Arousal. This latent variable has three indicators.

One was formed by summing nine dichotomous (1
or 0), checklist items on the IMPATH:TMJ con-
cerning physical problems related to high levels of
arousal (ie, unusual sweating, general weakness,
shaking or trembling, shortness of breath, racing
heart, fatigue, cold hands, dizziness, and fainting).
The other two indicators were two scales from the
IMPATH:TMJ related to level of tension (How
often are you tense in a typical day?) and level of
energy (How is your energy level?).
Sleep Problems. This latent variable has two

indicators and was formed from one interview
question about overall sleep quality in the past

month, and the other from the IMPATH:TMJ
sleep scale rating sleep in the past month (What
has your usual sleep been like in the past month?).
Pain symptoms. The pain symptoms latent vari-

able included three indicators: (1) the pain severity
scale of the MPI, (2) a visual analog scale (VAS)
rating of current pain, and (3) the sum of five
other ratings scales on the IMPATH:TMJ. The
VAS ranged from 0 to 10, where 0 = “no pain”
and 10 = “worst possible pain.” The five scales
from the IMPATH (which were combined as a
third indicator variable by summing their scores)
measured problem frequency (How often does the
main problem occur?), duration (How long does it
last?), intensity (How intense are symptoms?),
unpleasantness (How unpleasant are symptoms?),
and the difficulty of enduring pain. The pain
symptom latent variable serves as the dependent,
or criterion variable, in the model.
Oral parafunction. This variable was formed

from a composite of 16 different dichotomous (ie,
coded 1 or 0), self-reported checklist items on the

Fig 2 Measurement model with standardized factor loadings (in parentheses) and fit indices. All loadings are signifi-
cant P < .001. Measurement error was included in the estimation, but is not shown in this figure. Fit indices: �2 =
183.3, df = 78, n = 251, P < .001; CFI = 0.94; TLI = 0.92; RMSEA = 0.073 (90% CI: 0.06–0.09); SRMR = 0.068;
ECVI = 1.07. *IMPATH symptoms are unusual sweating, weakness, shaking, short breath, racing heart rate, fatigue,
cold hands, dizziness, fainting. **IMPATH pain items are pain frequency, duration, intensity, unpleasantness, difficulty
to endure. The oral parafunction variable (not shown) was comprised of 16 IMPATH checklist items: grinding, clench-
ing teeth, chewing gum, biting nails, holding or pressing tongue against teeth, biting lips, biting tongue, biting objects,
touching or holding teeth together, holding jaw forward, rigid, or tense, waking with sore jaws, and being prevented
from chewing—by pain or joint problem. SE = self esteem.
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IMPATH:TMJ that are related to the presence of
oral parafunctional behaviors and bruxism, oral
habits or side effects of bruxism (ie, grinding,
clenching teeth, chewing gum, biting nails, holding
or pressing tongue against teeth, biting lips, biting
tongue, biting objects, touching or holding teeth
together, holding jaw forward, rigid, or tense,
waking with sore jaws, and being prevented from
chewing—by pain or jaw joint problem that you
or others have noticed yourself doing). Scores on
these items were combined into a single composite
measured variable in the model by summing their
values.

Statistical Analysis

The bivariate correlations between measured vari-
ables and the means and standard deviations (SDs)
for these variables were calculated. The hypotheses
were evaluated in the context of a SEM with maxi-
mum likelihood estimation using Amos 7.0.31 The
measurement and structural models were estimated
and are described separately. The measurement
model (see Fig 2) consisted of the evaluation of the
15 measured variables (not including oral para-
function) on each of the five latent variables which
in turn were allowed to co-vary freely (covariance
between all the latent variables). Measurement
error for each of the measured variables was
included in the model, although this is not shown
in Figure 2 due to space limitations. This estima-
tion procedure constitutes a confirmatory factor
analysis (CFA) of the measurement model and has
been recommended as the first step before evalua-
tion of the structural model.32 Goodness-of-fit
indices were calculated for the measurement model
and the factor loadings evaluated. These factor
loadings are precisely the same as would be
obtained in a traditional factor analysis.

Next, the hypothesized structural model was
tested as shown in Figure 1. This model consists of
hypothesized relationships among latent constructs.
In the model, psychological distress and stressors
are proposed to be precursors to the development
of pain symptoms, mediated by the effects of
arousal, sleep problems, and oral parafunction.
Sleep problems and oral parafunction are hypothe-
sized to partially mediate the effect of arousal on
pain and symptoms. The path coefficients between
the structural model elements, or latent variables,
were evaluated along with model fit by using the
selected fit indices described in the following para-
graph. These path coefficients are the same as
regression coefficients that would be obtained in a
traditional multiple regression analysis.

The extent to which a proposed model corre-
sponds to the observed relations is evaluated by
various goodness-of-fit indices. Because of inter-
pretational problems associated with exclusive use
of the �2 approximation, various adjunctive indices
of fit typically are consulted as well. Among the
most common are the comparative fit index
(CFI),33 the Tucker-Lewis non-normed fit index
(TLI),34 and the root mean square error of approx-
imation (RMSEA),35 which were computed for the
models estimated in the present study. The stan-
dardized root mean squared residual (SRMR),
which is based on the difference in observed and
implied covariance matrices,36 and the expected
cross-validation index (ECVI), which may be used
to predict the appropriateness of a model for cross-
validation37 were also calculated. The CFI and TLI
index the proportionate improvement in fit of a
hypothesized model over a baseline model in which
the covariances among the measured variables are
constrained to zero. A value of 0.90 or greater for
the CFI and TLI is considered sufficient justifica-
tion for concluding that a model is consistent with
the observed data.38 The RMSEA is an index of the
amount of misspecification of the model per degree
of freedom, where values less than 0.05 indicate a
good fit, values of 0.05 to 0.08 indicate a marginal
fit, and values greater than 0.1 indicate an unac-
ceptable fit.39 The RMSEA is typically given as a
90% confidence interval (CI).

Similar to the strategy that underlies multiple
regression, the goal of SEM is to account for vari-
ability in one or more outcomes—in the present
case, muscle pain symptoms. The virtue of SEM is
the ability to evaluate direct and indirect relations
between predictors and outcomes (latent variables)
and to separate measurement error from these latent
variables. For instance, it was hypothesized that any
relation between psychological distress and pain
symptoms can be partially mediated by arousal,
sleep problems, and oral parafunction, a relation
between latent variables that cannot be tested using
multiple regression. Additionally, biases due to mea-
surement error in mediators may be reduced in the
estimation of both indirect and direct effects through
the use of SEM.40 Other post-hoc tests can also be
performed with the same SEM, for instance the
direct effect of psychological distress on pain symp-
toms can be tested in the same model.

Another goal of SEM is to test a hypothesized
pattern of relations believed to underlie the
observed relations in a sample. The effect sizes of
path coefficients between latent variables in the
SEM in addition to their statistical significance can
be examined.
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Results

The Pearson product-moment bivariate correlation
matrix of the 16 measured variables, including oral
parafunction, is given in Table 1 and descriptive
statistics for these variables are given in Table 2.

From the correlation matrix, it can be observed
that nearly all the bivariate correlations between
measured variables were significant. The magni-
tude of  the significant correlations generally fell in
the moderate to large effect size range,41 especially
for the measured variables making up psychologi-
cal distress and pain symptoms, between the psy-
chological distress and arousal variables, and also
between the sleep problems and pain symptoms
variables. Other correlations were in the small to
moderate effect size range, including the correla-
tions between measured variables on sleep prob-
lems, with the exception of correlations between
pain symptom variables. Associations between
other measured variables and oral parafunction
were mostly small. Within each latent variable
construct, the individual measured variables all
correlated significantly (at the P < .01 level) for
each latent construct which can be observed in the
triangular submatrix portions of the correlation
matrix. Between constructs, the correlations were
also significant at the P < .05 or P < .01 levels,
which can be observed in the rectangular subma-
trix portions of the overall correlation matrix. The
only variable with nonsignificant correlations with
other variables was the composite oral parafunc-
tion variable. These non-significant correlations
were especially apparent between oral parafunc-
tion and the other measured variables indicating
the pain symptom latent variable.

In checking the distributional characteristics of
the data, the skewness and kurtosis of each of the
measured variables were computed along with the
multivariate kurtosis. Critical ratios for skewness
ranged from 0.292 to –8.58. These skewness val-
ues were not considered to be a problem for model
estimation.42 For kurtosis, the critical ratios ranged
from 0.34 to 6.65. The multivariate kurtosis
(Mardia’s coefficient) critical ratio was 10.46. It is
generally recognized that normalized kurtosis coef-
ficients, even in the 20s, cause no particular diffi-
culty when using maximum likelihood estimation,
so these values were considered to be well-within
acceptable limits for valid model estimation.43

A pictorial diagram of the measurement model
that was constructed and analyzed is shown in
Figure 2. The standardized factor loadings are
shown labeled in Figure 2. All of the factor load-
ings in the measurement model were significant.

The estimated fit indices for the measurement
model are also shown in Figure 2. The calculated
adjunctive fit indices were a CFI of 0.94 and a TLI
of 0.92 indicating a good fit, and a RMSEA of
0.074 (90% CI 0.06 to 0.09), indicating a marginal
fit, as the upper bound of the CI exceeds 0.08.

The structural model with standardized statisti-
cal path estimates and fit indices is shown in Fig 3.
The number of measured variables in the model
was 16 resulting in a total of 136 elements in the
observed matrix. The number of parameters to be
estimated was 40, resulting in 136-40, or 96
degrees of freedom for the model estimated. The
estimated model allowed measurement errors for
MPI affective distress and MPI pain to covary (r =
0.39), and also the composite IMPATH:TMJ
(anger, feeling bad, confusion) and IMPATH:TMJ
depression variables were allowed to covary (r =
0.31). The post-hoc addition of these covariances
improved model fit and is justified on the basis of
these variables both being scales on the same
instruments (the MPI and IMPATH) that contain
common method variance that can be accounted
for in the SEM.44

Table 2  Descriptive Statistics for Measured Variables

Latent/
measured variables Minimum Maximum Mean SD

Psychological distress
MPI affective distress 3.0 93.0 46.9 11.1
IMPATH anger, feeling bad, 
confusion 3.0 84.0 61.7 17.3

IMPATH anxiety 1.0 28.0 15.6 8.2
IMPATH depression 1.0 28.0 18.9 7.2

Stressors
IMPATH financial problems 1.0 28.0 17.2 9.4
IMPATH lack of support 28.0 84.0 66.6 13.3
IMPATH lack of enjoyment 1.0 28.0 16.6 8.0

Arousal
IMPATH symptoms 0.0 9.0 1.9 2.0
IMPATH level of energy 1.0 28.0 14.8 8.4
IMPATH tension 1.0 28.0 13.2 8.0

Sleep problems
Interview sleep rating 0.0 7.3 3.3 2.1
IMPATH sleep 1.0 28.0 15.7 7.1

Pain symptoms
MPI pain 6.0 70.2 13.5 14.0
Pain (VAS) 0.0 6.0 3.2 1.7
IMPATH pain severity 30.0 140.0 103.4 24.0

Oral parafunction 0.0 12.0 4.5 3.1
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For the structural model shown in Fig 3 the esti-
mated fit indices are also shown. The adjunctive fit
indices were a CFI of 0.93 and a TLI of 0.92 indi-
cating a good fit, and a RMSEA of 0.074 (with
90% CI of .06 to .09) indicating a marginal fit, as
the upper bound of the CI exceeds 0.08. The
hypothesized paths were significant in the model,
with the exception of the path from oral parafunc-
tion to pain symptoms. Large effects were observed
between stressors, psychological distress, and
arousal (0.92, 0.95). A small effect was observed
between arousal and pain symptoms (0.28), and a
medium effect between arousal and sleep problems
(0.56), and between sleep problems and pain symp-
toms (0.58). Also a small effect was observed
between arousal and oral parafunction (0.38). 

Self-perceived arousal was found to be a media-
tor of the effects of stressors and psychological dis-
tress on sleep problems and pain symptoms. The
total effect of arousal on pain symptoms was 0.53
SD units (moderate effect size), which includes a
direct effect of 0.25 and the indirect effect (medi-
ated by sleep problems) of 0.28.

As an exploratory post-hoc analysis, an alterna-
tive structural path direct from psychological dis-
tress to pain symptoms was tested to evaluate the
hypothesis that arousal, sleep problems, and oral
parafunction could only partially mediate the rela-
tionship between psychological distress and pain
symptoms; however, the path between psychologi-
cal distress and pain symptoms was found to be
nonsignificant (0.08, P = .83). In addition, the
post-hoc hypothesis that a direct link exists
between psychological distress and sleep problems

was evaluated, but also found to be nonsignificant
(–4.6, P = .62), as was the path between psycho-
logical distress and oral parafunction (–0.51, P =
.45). Also note from the structural path coeffi-
cients, that while a positive and significant associa-
tion existed between arousal and oral parafunc-
tion, no association was found between oral
parafunction and pain symptoms.

Discussion

There has been considerable research exploring
variables associated with pain symptoms in the
facial region.17,18,20,22,24,25,45,46 To consolidate this
research, integrated multifactorial biopsychosocial
models are an important step leading to better the-
ory and treatment.11 The plausible model tested in
the present study was based on previous research
on patients with MMP and TMD, which demon-
strated relationships among stressors, psychological
distress, arousal, sleep problems, oral parafunction,
and pain symptoms. A case was made for the devel-
opment of pain symptoms arising from the other
variables, although the model could also apply to
the exacerbation or maintenance of chronic MMP.
In fact, for the clinical sample studied, patients had
experienced pain for an average of 1.6 years and
patients typically had more than one chronic pain
condition. Also, in Table 2 the mean levels of vari-
ables comprising psychological distress, stressors,
arousal, sleep problems, and pain symptoms are
comparable to those of other patients with chronic
pain in general and TMD specifically.29,30

Psychological
distress

Arousal
Pain 

symptomsStressors

Sleep
problems

Oral 
parafunction

Fig 3 Structural model standardized statistical estimates and fit indices. All paths are significant (P < .001) except
Oral parafunction to pain symptoms (ns = not significant). Fit indices: �2 = 228.2, df = 96, n = 251, P < .001; CFI =
0.93; TLI = 0.92; RMSEA = 0.074 (90% CI: 0.06–0.09); SRMR = 0.052; ECVI = 1.09.

0.92 0.95

0.56 0.58

0.28

0.38 –0.23, ns
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In the present study, self-perceived arousal was
found to be a mediator of the effects of stressors
and psychological distress on sleep problems and
pain symptoms. This particular finding may have
several clinical and theoretical implications. The
present model supports the importance of arousal
as playing a central role in relation to pain symp-
toms. Treatments designed to reduce arousal, such
as those reducing symptoms assessed in the present
study (ie, unusual sweating, weakness, shaking,
shortness of breath, racing heart rate, fatigue, cold
hands, dizziness, fainting, tension, and level of
energy), might lead to reduced pain symptoms. In
fact, a recent randomized treatment study showed
reductions in pain symptoms in TMD patients
with the use of a combination of behavioral and
cognitive techniques that deal directly with reduc-
tion of arousal and physical self-regulation, includ-
ing training in diaphragmatic breathing and relax-
ation.47

As a further exploration of the role of arousal in
mediating the relationship between psychological
distress and pain symptoms, the study evaluated
(post hoc) separately each direct path between psy-
chological distress and pain symptoms, sleep prob-
lems, and oral parafunction. In each case, these
path coefficients were nonsignificant with arousal
in the model. In other words, arousal fully medi-
ated the relationship between psychological dis-
tress and pain symptoms, extending support for
the conclusion that arousal mediates the effect of
psychological distress on pain symptoms.

While based solely on self-report data in the
pres ent study, arousal may be better assessed using
physiological recording and may be associated
with the development and maintenance of facial
and other chronic pain disorders.48 In previous
work, MMP patients showed higher heart rate and
blood pressure responses to laboratory stress than
matched controls17 and MMP patients had lower
end-tidal CO2 levels at rest.18 Patients with
myofascial pain also showed higher plasma corti-
sol, adrenaline, and noradrenaline responses in
response to psychological stress and slower recov-
ery of baseline levels than controls.49 A SEM that
included evoked potentials, pupil dilation, and
skin conductance in pain-free volunteers in
response to increasing levels of painful stimulation,
showed that a combination of physiological vari-
ables related to pain threshold and the gradient of
the pain response was the best-fitting and most
parsimonious model.50 Also self-reported physio-
logical reactivity to pain predicted later increases
in pain in patients with rheumatoid arthritis.51

Additionally, since a large and significant associ-
ation was found between psychological distress and
arousal, concurrent psychological therapies such as
cognitive-behavioral therapy52 or treatments
designed to improve coping and develop stress
management skills may also reduce arousal. Also as
expected, stressors were strongly associated with
psychological distress, supporting the hypothesis
that the presence of stressors may be associated
with psychological distress in these patients. The
impact of stressors could be affected by interven-
tions specifically designed to enhance coping skills,
promote lifestyle changes, and increase social sup-
ports. Ultimately, such changes would be expected
to lead to symptom relief. Psychological-based
interventions to address the somatic symptoms of
anxiety related to arousal are also a reasonable
clinical course to pursue with facial pain patients.
Progressive relaxation training53–55 and indeed,
cognitive-behavioral and electromyographic bio -
feed back interventions have been shown to be
effective for a variety of muscle pain disor-
ders.52,56,57 Combined modality, individual patient-
tailored treatments may be optimum.58,59

Stress, anger, and lack of enjoyment or satisfac-
tion of life and work have been associated with
chronic pain in previous studies.6,10,60,61 However,
one limitation of the present study was the lack of
conventional indicators of stress, such as major life
event or daily hassles scales. Further work could
explore whether the current model would be sup-
ported with the inclusion of such information. 

The present results clarify the roles played by
sleep problems in association with pain symptoms
and are consistent with studies linking poor sleep
with chronic pain.62,63 The total (direct) effect of
sleep problems on pain symptoms was 0.58 (mod-
erate effect size). In the model, sleep problems par-
tially mediated the relationship between arousal
and pain symptoms. One interpretation is that
sleep problems appear as a result of arousal, but
once they occur, they themselves lead to pain
symptoms. It can be asserted that part of any inter-
vention should focus on assessing and treating
sleep problems. This conclusion is consistent with
clinical reports and recommendations in the litera-
ture on TMD and orofacial pain.64,65 Recent stud-
ies have shown that sleep problems are important
factors influencing the onset and course of pain
and TMD symptoms.22,66,67 However, in a previ-
ous longitudinal study of orofacial pain patients,
pain led to negative affect, which then led to prob-
lems with sleep.22 Moreover, previous research has
postulated a reciprocal relationship between sleep
problems and pain, with sleep problems leading to
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pain and pain problems further exacerbating prob-
lems with sleep.68 Further research is warranted to
understand more fully the role of sleep. 

The positive association between arousal and
self-reported oral parafunction was expected as
part of the hypothesized mediational role that oral
parafunction may play between arousal and pain
symptoms. However, the association between oral
parafunction and pain symptoms was nonsignifi-
cant in the tested model. Perhaps oral parafunction
does not relate directly to pain symptoms or the
patients did not accurately report their level of oral
parafunction. A recent study demonstrated that
masticatory muscle tension was significantly
related to pain in patients with TMD24; however,
muscle tension and oral parafunction may be dis-
tinct. Further research should explore where the
oral parafunction variable best fits in the model.

Overall, the SEM provided necessary informa-
tion on the likely and plausible relationships
between stressors, psychological distress, arousal,
sleep problems, and oral parafunction, as these
variables are associated with pain symptoms in a
large clinical sample of patients with MMP. There
are limitations to the present study, especially
related to the correlational nature of the data and
the reliance on self-report, so the present results
are not sufficient to confirm this particular model.
Equally well-fitting, alternative models could be
proposed which would hypothesize, for example,
that pain symptoms originate due to factors not
included in the current model, and then lead to
sleep problems, arousal, and psychological dis-
tress. A SEM of this sort could be mathematically
equivalent in terms of the estimation of path and
fit coefficients; however, it would have different
theoretical implications.69 Further studies using
longitudinal or experimental designs are needed to
resolve these questions as this limitation is based
upon the correlational research design, rather than
limitations of a statistical approach, such as SEM,
and would also apply had the present study used a
different analysis such as multiple regression. The
present model may demonstrate how the associa-
tions between psychosocial variables and pain tend
to maintain one another in these MMP patients.
An understanding of fundamental neurobiological
mechanisms causing pain and leading to psycho-
logical distress could also be used to demonstrate
causality. As yet unidentified factors could be
hypothesized that would lead to increases in psy-
chological distress, arousal, sleep problems, and
pain symptoms. Ongoing research into the mecha-
nisms associated with chronic orofacial pain may
add other elaborations to the present model. 

The current results also emphasize the value of a
SEM for clarifying potentially fruitful areas of clin-
ical investigation. Given the difficulty and expense
of conducting epidemiologic studies and random-
ized clinical trials, the present SEM enables use of
existing clinical data to establish directions for
experimental clinical research. It provides an eco-
nomical and parsimonious means to develop plans
for formal clinical trials and longitudinal studies
that have a reasonable probability for success. 
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