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INTRODUCTION

Painful temporomandibular disorders (TMDs) are characterized by localized pain in the jaw
joint/s and/or masticatory muscles in conjunction with limited jaw function. According to
the National Health and Interview Survey (NHIS) TMD affects 4.6% of the U.S. adult
population, with prevalence higher among women than men[36]. The experience of ongoing
jaw pain can evoke psychological distress as pain imposes restrictions on work and social
activity[8; 21; 38]. Moreover, impairment is often compounded by the presence of other pain
disorders that occur comorbidly with TMD. For example, people with TMD-like pain
commonly reported comorbid headache/migraine, neck, or lower back pain; and more than
half reported at least two more areas of severe pain[36].
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Disability associated with TMD has been studied using a variety of related constructs: oral
health related quality of life, interference in daily activities, functional limitation, and
activities of daily living. We focus on the subjective experience of disability, defined by
Nagi[32] (1965) as “a pattern of behavior that evolves in situations of long-term or
continued impairments that are associated with functional limitations”. Nagi’s model
distinguishes disability from functional limitation, pathology, and impairment while
acknowledging the interrelationships between the concepts. Our conceptual model reflects
concepts of disability and functional limitation that directly corresponding to Nagi’s
concepts. To address pathology and impairment, we explored the role of psychological
unease and experimental pain sensitivity, the latter of which has been suggested as an
indicator of dysfunction in the regulatory pain pathways among people with TMD[30; 40].

We selected the most widely used measure of pain-related disability that is well validated
and reliable: the Graded Chronic Pain Scale (GCPS). Two factors influenced the decision to
use this measure: the generalizability and use of this scale in chronic pain populations other
than TMD and the recommendation of the National Pain Strategy to use screening
instruments that assess chronic pain severity and interference[44].

Among people with orofacial pain, high pain-related disability is associated with increased
healthcare spending[14], underscoring the importance of understanding pain-related
disability. Previous research has identified associations between psychological functioning
and pain-related disability among people with TMD. Specifically, pain catastrophizing[4;
43], depression[1; 3; 15], and somatic symptoms [25; 26] were associated with increased
pain-related disability in cross-sectional studies. In a longitudinal cohort, catastrophizing
was predictive of higher GCPS while depression was not [46]. These studies have addressed
pain-related disability in smaller populations compared to this study, definitions of pain-
related disability have been varied, and the complex relationship between factors
representing psychological and physical variables has not been assessed presumably due to
sample size or an absence of data on a variety of participant characteristics.

This study had two aims to explore the relationship between several factors that we believe
have an effect on pain-related disability: 1) to assess the importance of a measure of
presenteeism (typically defined as working while ill[22]) incorporated into the existing
framework of pain-related disability using the GCPS, and 2) to explore the effect of
psychological unease, experimental pain features, and jaw limitation on the outcome of pain-
related disability.

MATERIALS AND METHODS

Study design

This secondary analysis was performed on cross-sectional data from 1088 adults with
painful chronic TMD enrolled in the parent study, The Orofacial Pain: Prospective
Evaluation and Risk Assessment (OPPERA) study. Details of the OPPERA study protocol
and procedures have been published elsewhere[41].
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Between May 2006 and October 2013, community-dwelling adults with chronic TMD
responded to study recruitment advertisements at one of four study sites — (University at
Buffalo, NY, University of Florida in Gainesville, FL, University of Maryland in Baltimore,
MD and University of North Carolina at Chapel Hill, NC).

Although OPPERA enrolled cases and controls, the current analysis is restricted to cases.
Participants were aged 18-44 years and fluent in English. Exclusion criteria were: recent
facial surgery or facial injury, pregnancy, orthodontic procedures, and major medical
conditions[41]. Participants completed a telephone interview to assess eligibility prior to
completing a battery of questionnaires and attending a 3-hour clinic visit that included a
clinical examination for verification of TMD and experimental pain testing.

Chronic TMD was defined as self-reported facial pain symptoms persisting at least 6 months
prior to enrollment AND meeting physical examination criteria. The latter required pain
evoked by palpation in at least three masticatory muscle groups or pain in the
temporomandibular joint, consistent with established guidelines of the Research Diagnostic
Criteria for Temporomandibular Disorder (RDC//TMD)[41].

Human Research Ethics Committees at all study sites approved the study protocol. All
participants provided signed informed consent for study participation.

Variables included self-reported questionnaire responses and experimental pain sensitivity
testing results. Demographic data were collected upon entry: age, self-reported sex, self-
identified racial identity, and study site.

disability

The GCPS measures the extent to which pain is perceived as intense and/or interfering and
the degree to which the pain is disabling[46]. The GCPS consists of three domains:
characteristic pain intensity, interference, and disability days. Characteristic pain intensity
(CPI) includes average, current, and worst pain rated using the 0-10 scale. Pain intensity is
measured on a scale ranging from 0 to 10, where 0 represents ‘no pain’ and 10 represents
‘pain as bad as it could be’. Interference is rated from 0 (no interference) to 10 (unable to
carry on any activities) in three areas of life: 1) daily activities, 2) social, family, and
recreation, and 3) work activities. Disability days are calculated using a question about the
number of days in which pain resulted in restriction of daily activities. These three domains
and their subscale scores are combined to represent a “chronic pain grade” from 0 (no pain)
to IV (high disability)[17]. The items from the GCPS are used to create a pain grade from 0
to IV. The GCPS has been shown to predict poorer outcomes among pain patients and higher
pain grades are associated with increased healthcare spending among people with TMD. For
these reasons, we believe the information collected by the GCPS items is key to
understanding pain impact. In order to focus on reducing pain impact, we need to first
identify impact which the GCPS is designed to do well. However, in order to step back to the
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conceptual underpinnings of the GCPS and instead of using the pain grade outcome, we
used the individual items as observed variables contributing to latent constructs and then test
the direct effect of other variables of interest on this construct of pain-related disability.

In addition to asking about the inability to perform usual activities, it is important to assess
limitations in performance, with the acknowledgement that restriction from activities and
limitation in activities measure two distinct but related phenomena. Unlike other conditions
such as acute pain from a broken bone, many people with TMD are able to complete their
normal daily activities, although they do so while experiencing pain. This idea of
presenteeism is becoming more important to understand as it relates to chronic pain in part
because of economic research that has identified presenteeism as a cause of decreased
productivity. The definition of presenteeism is typically showing up to work while sick[22],
which people with TMD do on a daily basis.

In 2004, when planning the OPPERA study, we therefore added a question asking about the
number of days when a person’s efficiency dropped below 50% of what they considered
normal. This allows for an assessment of the amount of time the individual is still
completing their activities but in a limited capacity. At the time, it was a novel concept in
TMD research, having been recognized only a few years earlier in the 2001 WHO
International Classification of Functioning, Disability, and Health as participation
(restriction) [47]. Because it was an untested concept, the OPPERA investigators were
reluctant to add other measures of restriction to the study, and instead focused on established
biopsychosocial measures when selecting the hundreds of other measures used in the study.
However, those other measures are not applicable to the WHO’s rubric, whereas
presenteeism is, and which accounts for our focus on presenteeism in this study.

We tested a modified version of the GCPS with the addition of a question to assess
presenteeism. We created a latent variable called “restriction” which included two items: 1)
the disability days question about number of days prevented from activity (called disability
days in the GCPS framework) and 2) a question asking about reduction in efficiency below
50% of what is normal for the individual. This question comes the closest to addressing
presenteeism, but is inclusive of restriction outside the workplace.

Psychological unease.—Psychological distress was measured using positive and
negative affect scales from the Profile of Mood States-Bipolar (POMS-Bi)[28], somatization
subscale from the Symptoms Checklist 90-Revised (SCL-90R)[13] (referred to here as a
measure of somatic symptoms), and the catastrophizing subscale of the Coping Strategies
Questionnaire (CSQ-R)[39].

Jaw limitation.—The Jaw Functional Limitation Scale (JFLS) measured limitations in
three areas: chewing, opening, and verbal or emotional expression limitation[34].

Experimental pain sensitivity.—Experimental pain sensitivity included measures of
thermal tolerance, pain ratings of a single application of flat-tipped probe using the 0-100
scale, mechanical temporal summation of pain measured as the change in pain rating from

Pain. Author manuscript; available in PMC 2021 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miller et al.

Page 5

the first application of the probe and the pain rating after 10 applications, and pressure pain
threshold (PPT) evaluated at the trapezius muscle. The trapezius PPT was selected because it
is unrelated to the case definition of TMD. Full details of experimental testing procedures
are described in Greenspan 2011[18].

Statistical analysis

Structural equation modeling (SEM) is an ideal method for examining the relationship
between variables such as psychological functioning and pain-related disability for several
reasons. SEM is unique in the ability to create latent constructs, conceptual variables
comprised of observed measures that are highly correlated. SEM allows creation of a latent
variable measuring a construct with at least two observed measures. If each measure of
interest was included in multivariable linear regression, multicollinearity would likely occur.
In contrast, creating a latent variable based on several observed measures permits illustration
of a concept based on the combination of several measures while maintaining a high degree
of granularity. Confirmatory factor analysis (CFA) is used to determine if observed data fit a
defined model.

In testing our SEM, we first constructed measurement models and then regressed the latent
factor of pain-related disability onto the measurement models, as recommended by
Anderson and Gerbing [2]. All analyses were performed using the Mplus software, version
8.0[31]. After generating univariate statistics to summarize the data, we conducted three
separate analyses. First, we constructed our measure of pain-related disability combining
GCPS items with the question asking about decreased efficiency. Second, we performed
confirmatory factor analysis (CFA) to create latent variables representing: 1) psychological
unease, 2) jaw limitation, and 3) experimental pain sensitivity. Supplementary material Table
S.1 shows each measurement and instrument included in measurement model building.
Finally, we built a SEM to explore the relationships between the three latent variables and
the variable representing pain-related disability.

Our hypothetical model is shown in Figure 1. On the left side of this model are indicators of
psychological unease comprised of four self-reports using standardized instruments, jaw
limitation measured by self-reports, and clinical assessments and experimental pain
sensitivity assessed by four quantitative sensory tests. The right side of the model shows our
model of pain-related disability comprised of three latent variables measuring pain intensity,
interference, and restriction from activities. We hypothesized that pain-related disability
would be positively associated with increased psychological unease, functional limitation,
and experimental pain sensitivity. This finding would indicate a strong association between
the variables we created based on Nagi’s model and pain-related disability.

SEM has the benefit of examining multiple relationships simultaneously. Latent variables
are useful tools to capture the information obtained from observed measures and
concurrently account for the different influence each observed variable imparts on the
underlying construct[23].

Structural equation modeling.—Robust maximum likelihood was used to address non-
normality of variable distribution. Models were evaluated first by assessing fit statistics.
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Model fit was evaluated based on published guidelines for goodness of model fit. Absolute
fit indices included the Chi-square test of model fit and root mean square error of
approximation (RMSEA). The RMSEA tells us how well the model, with unknown but
optimally chosen parameter estimates, would fit the population’s covariance matrix.
Incremental fit indices included the comparative fit index (CFI) and Tucker-Lewis Index
(TLI), both of which account for sample size and performance of the model[19]. Criteria for
the model fitness was based on established values for fit indices: CFI/TLI values = 0.95, an
RMSEA <0.07[20].

After verifying the fit of each CFA, we built a SEM and then performed post-hoc
exploratory analysis to improve the fit based on the above criteria for goodness of fit. Model
modifications involved variable deletion and accommodation for correlation of errors
between variables. Code for the SEM analyses is available upon request.

Assessing pain-related disability with presenteeism

In order to determine validity of the observed variable assessing presenteeism, we compared
a model without the presenteeism variable and a model including the measure of
presenteeism. We compared two first-order models: one with the seven traditionally used
GCPS items and a second model including the variable measuring presenteeism. A second-
order CFA is distinguished from a first-order in that the second-order CFA involves creation
of a higher-level latent variable comprised of lower-level latent variables.

Second-order analysis is not possible unless there are at least two variables used to create
each lower level latent variable. ldeally, we would test the latent restriction variable using a
second-order CFA of pain-related disability with first-order variables representing constructs
of pain intensity, interference and restriction. However, this is not possible with the 7-item
model which contained only the single variable, ‘days kept from activity’, to measure
restriction. Based on the first order CFA result, we inspected parameter estimates and
goodness of fit statistics to determine the impact of including the presenteeism variable. If
the fit statistics did not reflect a poorer fitting model with the additional variable, then based
on the theoretical framework and conceptual model, we were justified to proceed using a
second-order CFA of pain-related disability with latent variables for pain intensity,
interference, and restriction.

Measurement models

Jaw limitation.—We started with a model that included the following three observed
variables: the JFLS chewing limitation, opening limitation, expression limitation scores.

Psychological unease.—We began with a model that included the following four
observed variables: 1) the catastrophizing subscale, 2) the somatic symptoms scale, 3)
positive and 4) negative affect scales.

Experimental pain sensitivity.—We built a model using the latent variable experimental
pain sensitivity with the factors of heat pain tolerance, pressure pain threshold, mechanical
pain rating, and mechanical temporal summation.
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Structural Equation Model

RESULTS

Participants

To explore the relationships between the latent constructs of jaw limitation, psychological
distress and catastrophizing, experimental pain sensitivity, and pain-related disability we
built a SEM regressing the measurement models onto the model of pain-related disability.
Sex, age, study site, and race were regressed onto pain-related disability to statistically
control for these variables. Demographic variables were regressed onto pain-related
disability based on previous findings. Study site was included to control for study design.
The model was evaluated based on fit indices and cutoff scores described above.
Modification indices calculated by Mplus were used to guide decisions to improve model fit.
Additionally, tests of the model were performed by restricting by sex and restricting to each
study site. This analysis was performed using the final model to examine potential sex
differences and study site differences in model performance and fit.

The mean age of participants was 29.2 years (7.8 SD) with pain persisting for 6.9 years (6.4
SD). Overall, 70% were white and 76% were female with participants evenly distributed
across study sites. Participants rated their current facial pain at a mean of 3.8 (2.5 SD) using
the 0 to 10 scale, while the mean worst facial pain in the past 6 months was 7.5 (2.0 SD).
The “disability days” variables had a non-normal distribution with 50% of the sample
reporting they did not experience any days when they were kept from their usual activities
because of facial pain. Reduced efficiency was more common with 25% of the sample
reporting 35 or more days during which their efficiency dropped below 50% of what they
considered to be normal. Completeness of data, mean, minimum, and maximum variables
were analyzed and are shown in Table 1.

Pain-related disability CFA model

Results from the measurement models of pain-related disability with and without the
variable measuring presenteeism were compared. Results from the measurement models of
pain-related disability with and without the variable measuring presenteeism were
compared. The first-order seven-variable model had poor fit (RMSEA=0.219, 90% CI for
RMSEA (0.207, 0.234), CFI=0.754, TLI=0.631, SRMR=0.108). The first-order model with
eight variables demonstrated slightly better fit (RMSEA=0.197, 90% CI for RMSEA (0.186,
0.209), CFI =0.751, TL1=0.652, SRMR=0.105) than the model without the presenteeism
variable. Despite fit indices supporting the conclusion that neither model demonstrates good
fit with the data, based on the less desirable RMSEA for the model without presenteeism
compared to the model with presenteeism (0.219 versus 0.197 respectively), the slight
increase in the TLI and the slight decrease in the SRMR, indicates inclusion of presenteeism
in the first-order CFA improves model fit [5].

The standardized parameters show the highest contribution to variance in the pain-related
disability latent variable from the interference latent variable (0.88). The restriction latent
variable had a high loading (0.82) and the pain intensity latent variable was statistically

significant but had a lower standardized value (0.66) compared to the other two variables.
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The high direct effect of the restriction latent variable suggests restriction is relevant to pain-
related disability.

This second order model of pain-related disability demonstrated excellent fit
(RMSEA=0.048, 90% CI for RMSEA (0.035, 0.062), CFI =0.987, TLI1=0.979,
SRMR=0.021). These results support the conclusion that the addition of a restriction latent
variable provides useful information in understanding the construct of pain-related disability.
(Supplementary materials, Figure S.1)

Measurement models

The measurement model based on our hypothesized model assessing jaw limitation
demonstrated a poor fit (Table 2, Model 1). First, the positive affect variable was eliminated
from the model because the negative affect variable was deemed sufficient (Model 2). Next,
correlation between errors was permitted between the following variable pairs: somatic
symptoms and negative affect and chewing and opening limitation (Model 3). The model
building process with parameter estimates and model fit indices is shown in Table 2.

A single factor model with four indicator variables was proposed to measure psychological
unease defined by the following indicators: somatic symptoms, catastrophizing, positive and
negative affect. The fit of this model was improved after the removal of the positive affect
variable.

A single factor model with three indicator variables was proposed to measure jaw limitation
using the following indicators: opening limitation, chewing limitation, expressional
limitation (all from the JFLS).

Fit indices for the final exploratory measurement model demonstrated very good fit shown
in Table 2 (Chi2=93 (p<0.001), df=30, RMSEA=0.044, 90% CI for RMSEA (0.034, 0.054),
CFI1=0.969, TLI=0.953, SRMR=0.036). Psychological unease and jaw limitation variables
were positively associated at 0.50. Both psychological unease and jaw limitation variables
were negatively associated with experimental pain sensitivity but the relationship was not
strong (standardized parameter estimates —0.24 and —0.23 for psychological unease and jaw
limitation, respectively).

Structural Equation Model

The above measurement model result met the criteria specified in the methods section for
goodness of fit, permitting the next step of testing the model. Based on the measurement
model results, the next step was to fit a SEM of latent variables representing psychological
unease, jaw limitation, and experimental pain sensitivity regressed onto pain-related
disability. Table 3 outlines the model-fitting process and the respective fit indices for each
alternative model. The initial model had modification indices indicating improvements in the
model specification might improve the fit of the model. Removal of the experimental pain
sensitivity latent variable was based on the low the direct effect on pain-related disability
balanced with the clinical burden on patients and clinicians performing this test that is time
consuming, uncomfortable, and requires sophisticated equipment.
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Next, we allowed correlation among the error terms for the following pairs of variables:
negative affect and somatic symptoms, chewing limitation and opening limitation, average
and worst pain intensity ratings, and the interference and restriction latent variables. These
exploratory changes resulted in a final model, the results of which are shown in Figure 2 and
supplementary material Table S.2. The final model is depicted in Figure 2. This is a well-
fitting model (fit indices: RMSEA=0.048, 90% CI1=0.043, 0.053, CFI=0.956, TLI1=0.946,
SRMR=0.040). The model explained 78% of variation in pain-related disability.

We controlled for study site, sex, age, and race in the model even though sex was not
significantly associated with pain-related disability. Sex is frequently a variable of interest in
chronic pain research due to the higher prevalence of chronic pain among women compared
with men and therefore was retained in the final model. Jaw limitation and psychological
unease had significant direct effects on the latent pain-related disability variable (.41 and .58
respectively). Parameter estimates, standard errors and p-values for all variables in the final
measurement model are shown in supplementary materials (Table S.2 and Figure S.2).

Restricting the models by sex resulted in a decrease in the effect of jaw limitation on pain-
related disability (0.41 to 0.35) and an increase in psychological unease on pain-related
disability (0.58 to 0.61) when the sample was restricted to the 253 males. The R? for the
male only model was 0.77 with no other changes in results. Among 832 females, the direct
effect of jaw limitation on pain-related disability was only slightly lower (0.58 and 0.56) and
the effect of jaw limitation was slightly higher (0.41 and 0.43). The R2 value for the model
restricted to females only was 0.78, which was identical to that of the combined model. This
is consistent with the lack of statistical significance of the sex variable in the earlier.
Although study site was statistically significant in the larger model, the results of running the
models restricted to each study site showed small differences in model fit or direct effects
with R2 ranging from 0.66 in the sample from UNC to 0.81 when the sample was restricted
to only participants from the UB study site (results not shown).

DISCUSSION

Key Results

This study demonstrated the importance of measuring reduced efficiency when
understanding pain-related disability among people with chronic painful TMD. Furthermore,
the SEM revealed strong positive relationships between self-reported jaw limitation and
psychological unease and pain-related disability. In the SEM, age and race were significantly
associated with pain-related disability. Pain-related disability increased with age and was
more common among people of color. These parameter estimates were much lower than
estimates for the variables of interest (all less than 0.10). Sex was the only
sociodemographic variable that was not significantly associated with pain-related disability.

Three studies have, to our knowledge, included latent variables in conceptual models of
psychological distress and jaw function along with an indicator of pain-related disability
among people with TMDI6; 9; 11]. One study combined jaw functional limitation and the
two summary scores from the GCPS as a measure of “TMD impact”[6] whereas our model
differentiated between disability and functional limitation. While their finding supports our
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conclusion that items from the GCPS and JFLS are useful tools to measure the impact of
TMD, our structural model illustrates that GCPS and JFLS are measuring different
constructs. All previous studies involved a smaller number of participants than our study and
pain-related disability was measured inconsistently, using other measures such as the
Multidimensional Pain Inventory[11] and the Integrated Multidimensional Patient
Assessment Tool for Health[9]. However, the measurement models tested in a cross-
sectional sample of 251 masticatory muscle pain patients resulted in a well-fitting model
with significant associations between variables representing psychological distress and pain
symptoms [9] which is consistent with our finding.

Interpretation

As psychological unease and jaw limitation increased, pain-related disability also increased.
Low factor loadings support the conclusion that several variables had no association with
pain-related disability. Experimental pain sensitivity, jaw limitation including oral
parafunction behavior, pain chronicity, number of comorbid conditions, and the number of
painful body sites were found to not contribute to the model and were removed in further
analyses.

Catastrophizing loaded slightly higher than somatic symptoms on the psychological unease
latent variable indicating that the impact of catastrophizing may be very important in
understanding the construct of pain-related disability. This is consistent with previous
research about the association between catastrophizing and TMD pain[4; 10; 16; 27; 43]. In
a cross-sectional study of a rural chronic pain population, pain catastrophizing was
reportedly associated with pain intensity, interference and perceived disability. The
relationship between catastrophizing and perceived disability persisted even after controlling
for demographics and depression[12]. Our study sites represent a mix of urban and suburban
areas with the Baltimore site likely being the most urban. Our restricted analysis by study
site resulted in no differences in model fit by study site.

Both psychological unease and functional limitation have been found to be associated with
high pain-related disability [15; 24; 26]. This work is the first to model experimental pain
sensitivity as a latent construct and examine the relationship between experimental pain
sensitivity and pain-related disability. The inclusion of experimental pain sensitivity was
based on the biopsychosocial model of pain[42] and the hypothesis that experimental pain
testing may measure biological processes that underlie chronic painful TMD. Research
identified somatosensory amplification (increased perception of normal sensation as
intensity and or distressing) among women with chronic orofacial pain[37]. Somatosensory
amplification is thought to be a feature common among many pain conditions including
fibromyalgia and also among several psychiatric conditions such as anxiety[33]. Although
people with TMD have lower pressure pain thresholds[7; 18] and thermal tolerance[35]
when compared to pain-free individuals, our finding supports the conclusion that
experimental pain sensitivity did not have a strong direct effect on pain-related disability.
This model performed well when restricted to only female or male participants, but
conclusions cannot be made about the role of demographic characteristics in the individual
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observed or latent variables because age, sex, race, and study site in the final model were
regressed only on the pain-related disability variable.

Strengths of the study include the large sample size of community dwelling participants with
chronic painful TMD. The sample size and recruitment of people from surrounding
communities as opposed to specialty pain clinics supports the generalizability of findings to
people with chronic painful TMD.

A study of pain-related disability among people with chronic pain conditions including low
back pain[29] utilized SEM to model relationships between factors related to disability.
Among 156 patients with low back pain, predictors of increased disability included female
sex, depression, and fear avoidance beliefs while fulltime employment predicted decreased
disability[29]. Our finding contrasts this finding that sex was associated with disability but
supports the conclusion that increased negative affect is associated with increased disability.

The primary limitation of this study is the cross-sectional design, which precludes causal
inference. The SEM approach appropriately assumes causality by the use of one-way arrows
between exogenous and endogenous variables, but within endogenous variables, causality
cannot be inferred. When selecting variables to identify in regression models, a casual
structure is imposed on the data. However, the strength of evidence reported here for a
conceptual model requires testing in a longitudinal setting for true causality.

SEM has multiple strengths that made the approach the optimal choice for this analysis.
SEM, as implemented via MPlus, permits complex continuous outcome variables, accounts
for correlated variables, measurement error, handles missing data well, and performs
simultaneous examination of multiple relationships between variables. However, SEM
requires strong assumptions that cannot be overlooked. These include the assumption of
linear relationships between variables and the assumption of no unmeasured confounding. In
this study, there is the possibility that an unmeasured variable is the cause of increased
psychological unease, jaw limitation, and pain-related disability. These assumptions have
been cited as a reason for caution when using SEM, particularly the recommendation that
SEM is best used when there are many effects being explored for hypothesis generation[45].

Interpreting the latent variables also requires caution. Although we began with a variable to
describe jaw limitation including body pain sensitivity and comorbid conditions, after testing
the measurement model and performing exploratory changes, our variable changed. The
final variable originally called “jaw limitation” was reduced to specifically measuring jaw
limitations. This change resulted in our final model not including the broader intended jaw
limitation. This doesn’t mean the excluded variables are not important for considering pain-
related disability among people with TMD, but they did not load together with functional
limitation variables. Another model might include these variables in the form of an
additional construct.
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We specified and estimated a model based on theory and previous literature to examine
factors conceptually important to understanding pain-related disability as well as factors
potentially associated with pain-related disability. This model included latent constructs
measuring psychological unease, jaw functional limitation, experimental pain sensitivity,
and pain-related disability.

The results of this cross-sectional study of people with chronic TMD suggest psychological
unease and jaw functional limitations are important factors to assess in order to understand
pain-related disability. Results also demonstrate that experimental pain sensitivity, maximum
unassisted jaw opening, chronicity of pain, and oral parafunction behaviors are not relevant
to pain-related disability.

Future studies should explore this model longitudinally in order to determine causes of pain-
related disability. Application of this model to other pain populations such as fibromyalgia
and migraine headache would elucidate commonalities and differences among pain
populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Hypothesized model of pain-related disability and constructs contributing to pain related

disability. Latent variables are represented by circles while observed variables are shown as
rectangles. Arrows from latent variables onto observed variables represent the variables used
to create the latent construct. Arrows between latent variables represent hypothesized
relationships to be tested.
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Final model and standardized parameter estimates of pain-related disability, psychological

unease, and jaw limiation. Latent variables are shown in circles while observed variables are
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to covariance.
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Table 1.

List of observed variables comprising latent variables for measurement models
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thr;g[bilgn Latent variablename Observed variable N Mean Min Max
UNEASE Psychological unease Somatic symptoms scale 1073 0.7 0.0 3.1
Catastrophizing scale 1079 15 0.0 6.0
Positive affect score 1082 80.3 35.0 118.0
Negative affect score 1082 58.6 30.0 111.0
JAW Jaw function JFLS chewing limitation score 1069 25 0.0 10.0
JFLS opening limitation score 1069 2.7 0.0 10.0
JFLS expression limitation score 1069 1.2 0.0 10.0
EXP E;‘;?{:\;?&ma' pain Thermal tolerance (°Celsius) 1013 454 335 515
Pressure pain threshold Trapezius (kPa) 1013 2776 1016 600.0
Mechanical probe pain rating 1047 120 0.0 94.8
Mechanical temporal summation (change in pain rating) 1047  13.3 -13.7 85.0
PRD Pain-related disability
CPI Characteristic pain intensity ~ Current pain intensity 1062 3.8 0.0 10.0
Average pain intensity 1062 5.4 0.0 10.0
Worst pain intensity 1062 7.5 0.0 10.0
INTER Pain interference Interference in daily activities 1062 25 0.0 10.0
Interference in social activities 1062 24 0.0 10.0
Interference in work activities 1063 2.2 0.0 10.0
RES Restriction Days kept from activities (past 6 months) 1054 175 0.0 180.0
Days with reduced efficiency (past 6 months) 1049 29.0 0.0 180.0

kPa=kilopascals; mm=millimeters
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Standardized parameter estimates from 3 models starting with the full model and then performing exploratory
model alterations to obtain the best-fitting model (n=1088). Model 1 includes all variables shown in Figure 1,
the original conceptual model. Model 2 does not include positive affect variable. In Model 3, error variances
for the following variable pairs were allowed to correlate: 1) negative affect and somatic symptoms and 2)

chewing and opening limitation.

Model 1° Model 2" Model 3*

Psychological unease

Somatic symptoms 0.660 0.793 0.605

Catastrophizing 0.555 0.608 0.777

Positive affect -0.595

Negative affect 0.783 0.615 0.448
Jaw limitation

Chewing limitation 0.771 0.773 0.604

Opening limitation 0.887 0.882 0.707

Expression limitation 0.716 0.722 0.899
Experimental pain sensitivity

Thermal tolerance 0.548 0.542 0.552

Pressure pain threshold 0.413 0.413 0.412

Mechanical pain rating -0.512 -0.517 -0.509

Mechanical temporal summation -0.451 -0.453 -0.454
Chi? (df) 314 (41) 166 (32) 93 (30)
p-value <0.001 <0.001 <0.001
RMSEA (90% CI) 0.078 (0.070, 0.086)  0.062 (0.053,0.071)  0.044 (0.034, 0.054)
CFI 0.886 0.934 0.969
TLI 0.847 0.907 0.953
SRMR 0.065 0.051 0.036

*
Model 1: full model including all variables from proposed conceptual model ;

+
Model 2: dropped variable measuring positive affect;

Model 3: allowed correlation between negative affect and somatic symptoms and correlation between chewing and opening limitation; df=degrees

of freedom; RMSEA= Root mean squared error; Cl=confidence intervals; CFI=Comparative Fit Index; TLI=Tucker Lewis Index;

SRMR=Standardized Root Mean Square Residual
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Standardized parameter estimates from 3 models starting with the full model and then performing exploratory
model alterations to obtain the best-fitting model. Model 1 includes all variables included in the measurement
model. Model 2 dropped the experimental pain sensitivity latent variable. In Model 3, to improve model fit,
correlation among variable pairs were permitted between the following pairs: Interference and Restriction,

chewing and opening limitation, negative affect and somatic symptoms, and Characteristic pain intensity
variables measuring average and worst pain.

Model 1° Model 2" Mode 37

N 1088 1085 1085
Characteristic pain intensity

Current 0.719 0.718 0.771

Average 0.866 0.866 0.791

Worst 0.775 0.774 0.683
Interference

Daily 0.883 0.883 0.882

Social 0.907 0.907 0.907

Work 0.904 0.903 0.903
Restriction

Days kept from activity 0.757 0.758 0.756

Days less efficient 0.875 0.873 0.874
Jaw limitation

Chewing limitation 0.780 0.781 0.643

Opening limitation 0.859 0.858 0.733

Expression limitation 0.740 0.740 0.859
Psychological unease

Somatic symptoms 0.742 0.743 0.619

Catastrophizing 0.684 0.684 0.764

Negative affect 0.571 0.571 0.421
Experimental pain sensitivity

Thermal tolerance 0.5357

Pressure pain threshold 0.419

Mechanical pain rating -0.518

Mechanical temporal summation ~ —0.453
Structural model

UNEASE—PRD 0.484 0.519 0.579

JAW—PRD 0.413 0.445 0.406

EXP—PRD -0.201

Age—PRD 0.135 0.128 0.131

Study site—PRD 0.131 0.131 0.123

Race—PRD 0.029 0.058 0.059

Sex— PRD -0.041 0.001 0.007

Modd fit statistics
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Model 1" Model 2" Model 3

Chi? (df) 842 (193) 564 (122) 408 (119)

P value <0.001 <0.001 <0.001

RMSEA (90% CI) 0.056 (0.052,0.059)  0.058 (0.053, 0.063) 0.047

CFI 0.912 0.935 0.958

TLI 0.898 0.922 0.948

SRMR 0.057 0.054 0.040

*
Model 1: full model including all variables from measurement model ;

+
Model 2: dropped experimental pain sensitivity variable;

¢Model 3: permitted correlation between ; UNEASE=Psychological unease; JAW=jaw limitation, EXP= experimental pain sensitivity; PRD=pain-

related disability
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