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Abstract

We evaluated the short- and long-term efficacy of a brief cognitive-behavioral therapy (CBT) for chronic temporomandibular
disorder (TMD) pain in a randomized controlled trial. TMD clinic patients were assigned randomly to four sessions of either
CBT (n=179) or an education/attention control condition (n = 79). Participants completed outcome (pain, activity interference,
jaw function, and depression) and process (pain beliefs, catastrophizing, and coping) measures before randomization, and 3
(post-treatment), 6, and 12 months later. As compared with the control group, the CBT group showed significantly greater improve-
ment across the follow-ups on each outcome, belief, and catastrophizing measure (intent-to-treat analyses). The CBT group also
showed a greater increase in use of relaxation techniques to cope with pain, but not in use of other coping strategies assessed.
On the primary outcome measure, activity interference, the proportion of patients who reported no interference at 12 months
was nearly three times higher in the CBT group (35%) than in the control group (13%) (P = 0.004). In addition, more CBT than
control group patients had clinically meaningful improvement in pain intensity (50% versus 29% showed >50% decrease,
P =0.01), masticatory jaw function (P < 0.001), and depression (P = 0.016) at 12 months (intent-to-treat analyses). The two groups
improved equivalently on a measure of TMD knowledge. A brief CBT intervention improves one-year clinical outcomes of TMD
clinic patients and these effects appear to result from specific ingredients of the CBT.
© 2005 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

Keywords: Cognitive-behavioral therapy; Temporomandibular disorders; Chronic pain; Brief psychotherapy; Randomized controlled trial

1. Introduction

Cognitive-behavioral therapies (CBT) aim to
decrease maladaptive, and to increase adaptive, patient
cognitions and behaviors. These treatments are effective
for a variety of chronic pain problems (Keefe and Cald-
well, 1997; Morley et al., 1999; Astin et al., 2002; Eccle-
ston et al., 2002; Weydert et al., 2003; Chen et al., 2004).

* Corresponding author. Tel.: +1 206 543 3997; fax: +1 206 685
1139.
E-mail address: jturner@u.washington.edu (J.A. Turner).

CB therapies are time-limited; the median number of
treatment hours was 16 in the randomized controlled tri-
als (RCTs) of CBT for chronic pain included in a com-
prehensive review (Morley et al.,, 1999). However,
limitations in insurance coverage for psychological ther-
apies and the fact that most psychotherapy clients
attend fewer than six sessions (Shapiro et al., 2003) cre-
ate the need for effective very brief (six or fewer sessions)
CBTs for chronic pain problems.

We previously reported changes on electronic daily
diary measures of outcome and therapy process vari-
ables over the course of treatment in an RCT of a very
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brief CBT for patients with chronic temporomandibular
disorder (TMD) pain (Turner et al., 2005). TMDs are a
group of conditions that involve the temporomandibu-
lar joints (TMJ), masticatory muscles, and associated
structures, and share the common symptoms of pain,
restricted jaw function, and TMIJ noises (Dimitroulis,
1998). The etiology of the most common types of
TMD is largely unknown (Dimitroulis, 1998). TMDs
are the most frequent facial pain problems (Dworkin,
1995b), with an estimated prevalence of 10-12% (Von
Korff et al., 1988; Dworkin et al., 1990a; LeResche,
1997). Patients with TMD pain are similar to patients
with other chronic pain conditions (e.g., headache and
back pain) in terms of pain intensity and associated
behavioral and psychological dysfunction (Dworkin,
1995a), pain persistence and recurrence (Dworkin
et al.,, 1989), and refractoriness of pain to treatment
(Rudy and Turk, 1995). Suggesting the importance of
psychosocial factors in TMD problems, individuals with
TMD vary widely in levels of disability (e.g., pain inter-
ference with customary activities; difficulty with masti-
catory and non-masticatory jaw activities such as
opening jaws to bite food, chewing, and kissing) and
psychosocial dysfunction (Butterworth and Deardorff,
1987; Rudy et al., 1989; Suvinen et al., 1997) but objec-
tive findings do not appear to underlie these differences
(Rudy et al., 1989; Dworkin, 1995a), and changes over
time in jaw function measures are not clearly related
to course of pain (Ohrbach and Dworkin, 1998).

We now report, following the Consolidated Standards
of Reporting Trials (CONSORT) guidelines (Moher
et al., 2001), the short- and long-term results of our
RCT of CBT versus an education/attention control con-
dition for chronic TMD pain as assessed by standard
questionnaire measures of outcome and therapy process
variables. We hypothesized that the CBT group would
show greater short- and long-term improvement on each
outcome (pain, activity interference, jaw functioning, and
depression) and process (pain-related beliefs, catastro-
phizing, and coping) measure. We examined clinically
important as well as statistically significant change on
the outcome measures. The primary outcome was activity
interference and the primary endpoint was one-year.

2. Methods
2.1. Setting and participants

The study was approved by the University of Washington
(UW) Institutional Review Board and all participants provid-
ed written informed consent. Study participants were recruited
by research staff from patients seeking care at the UW Orofa-
cial Pain Clinic between June 2001 and February 2004. Study
inclusion criteria were: (1) age 18 years or older; (2) a Research
Diagnostic Criteria/Temporomandibular Disorders (RDC/
TMD) Axis I TMD diagnosis (Dworkin and LeResche,
1992) made by an oral medicine specialist based on a

structured RDC/TMD clinical examination; (3) residence
within a 2-h drive of the TMD clinic; (4) facial pain for at least
three months; (5) facial pain-related disability, as defined by a
chronic pain grade (Von Korff et al., 1992) of II high, III, or IV
(see Section 2.3 for definitions); and (6) ability to communicate
in English. Study exclusion criteria (assessed by the patient’s
oral medicine specialist and the study coordinator) were need
for further diagnostic evaluation, pending litigation or disabil-
ity compensation for pain, current or previous CBT for pain,
and major medical or psychiatric conditions that would inter-
fere with ability to participate.

Among the 366 patients approached and found to be eligible
for the RCT, 158 (43%) enrolled (Fig. 1). The most commonly
cited reason for decision not to enroll was the time commitment
required to attend four sessions (most patients worked and many
patients in this referral clinic lived a 1- to 2-h drive from the clin-
ic). Two participants were withdrawn from the study shortly
after randomization because severe psychiatric problems unde-
tected before enrollment (and that would have made them inel-
igible for the study had they been known) became evident. The
other 156 subjects randomized did not differ significantly from
patients who declined to participate in the study (z = 208) in
gender, race, education, chronic pain grade, characteristic pain
intensity, activity interference, or any RDC/TMD clinical diag-
nosis (see Measures for definitions). However, study partici-
pants were somewhat younger on average [mean (SD) = 37.0
(11.4) versus 39.6 (12.5) years; P = 0.04]. All participants who
completed at least one post-treatment or follow-up assessment
were included in analyses for this report. Those randomized
who did (n = 148, 95%) versus did not (n = 8, 5%) complete at
least one post-treatment or follow-up assessment did not differ
significantly at baseline on any sociodemographic variable
assessed, chronic pain grade, RDC/TMD diagnosis, pain dura-
tion, or any outcome or process measure, with one exception:
those who provided no follow-up data had higher baseline
Chronic Pain Coping Inventory (CPCI) Coping Self-Statements
scale (see Section 2.3) scores (that is, greater reported use of cop-
ing self-statements) [mean (SD)=3.7 (2.1) versus 2.5 (1.7),
P =0.049].

2.2. Procedures

Participants were asked to complete questionnaires at home
and return them in person or by mail prior to randomization
(baseline), and 3 (post-treatment), 6, and 12 months after ran-
domization. Participants were compensated for questionnaire
completion (post-treatment $25, 6-month $10, 12-month $50,
and an additional $15 if all questionnaires were completed
on schedule). Participants were also asked to complete elec-
tronic diaries three times daily for eight weeks while participat-
ing in their randomly assigned treatment.

All study participants received treatment as usual from
their dentist at the Orofacial Pain Clinic. These treatments
were conservative and typically included instruction in jaw
posture monitoring and correction (including instruction to
keep jaws relaxed and teeth apart, but no training in muscle
relaxation techniques), advice to apply heat and/or cold to
painful facial areas, and recommendations concerning diet
modifications. Medications (e.g., non-steroidal anti-inflamma-
tory drugs), jaw stretching exercises, and occlusal splints were
prescribed for some patients.
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Assessed for eligibility

(n=1,929)
Ineligible (n = 1,721)
»  Refused to participate
(n =208)
Randomized
(n=158)

Randomized to PMT (n =79)
Completed all sessions (n = 57)
Completed some sessions (n = 10)
Completed no sessions (n = 10)
Withdrawn from study (n = 2)*

A

Randomized to SCM (n = 79)
Completed all sessions (n = 53)
Completed some sessions (n = 16)
Completed no sessions (n = 7)

A4

Follow-up completion”
Post (n =70; 91%)

6 Months (n = 68; 88%)

12 Months (n = 68; 88%)

Follow-up completion
Post (n =72;91%)
6 Months (n =72;91%)
12 Months (n = 70; 89%)

\ 4

A

Analyzed (n =72; 94%)
Excluded from analysis® (n = 5)

Analyzed (n = 76; 96%)
Excluded from analysis® (n = 3)

Fig. 1. Participant flow through the RCT. *Withdrawn for psychiatric reasons. ®Follow-up completion rates based on n = 77 randomized (not
withdrawn). “Excluded from analysis due to no follow-up data, although included in the multiple imputation analyses.

2.3. Measures

2.3.1. Outcome measures

2.3.1.1. Activity interference and pain intensity. The Grad-
ed Chronic Pain Scale (GCPS) (Von Korff et al., 1992;
Von Korff, 2001) was used to assess pain intensity and
interference with usual daily activities. The primary out-
come, activity interference (Von Korff, 2001), was calculat-
ed by averaging 0-10 ratings of pain interference with
daily activities, work/housework activities, and recreation-
al/social activities in the past month. Characteristic pain
intensity was calculated by averaging 0-10 ratings of cur-
rent pain and average and worst pain in the past month
(Dworkin et al., 1990b; Von Korff et al., 1992; Von Kor-
ff, 2001). The characteristic pain intensity and activity
interference scores have good internal consistency, test—
retest reliability, and validity (Underwood et al., 1999;
Von Korff, 2001). The GCPS also allows individuals to
be classified into five chronic pain grades: 0 =no pain,
I=Ilow pain intensity and low pain-related disability, II
low = high pain intensity and no pain-related disability,

IT high =high pain intensity and low pain-related disabil-
ity, III = moderate pain-related disability, and IV = severe
pain-related disability.

2.3.1.2. Jaw use limitations. The Mandibular Function Im-
pairment Questionnaire (MFIQ) (Stegenga et al., 1993b) is a
17-item measure with two subscales (masticatory and non-mas-
ticatory jaw disability) demonstrated to be sensitive to change
with treatment for TMD (Stegenga et al., 1993a). Scores on
each subscale have a possible range of 0-1. Categories of low,
moderate, and severe mandibular function impairment have
been developed for the MFIQ (Stegenga et al., 1993b).

2.3.1.3. Depression. The 21-item Beck Depression Inventory
(BDI) (Beck and Beamesderfer, 1974; Beck et al., 1979) was
used to assess depressive symptom severity. The BDI has high
internal consistency, adequate test-retest reliability, and valid-
ity (Beck et al., 1988), and is a valid screening instrument for
depression among patients with chronic pain (Turner and
Romano, 1984; Love, 1987; Geisser et al., 1997). Some inves-
tigators have found more than one underlying factor in the
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BDI responses of patients with chronic pain and have suggest-
ed that it may be important to analyze item endorsement pat-
terns in this population (Morley et al., 2002). However, we
used standard scoring procedures for purposes of examining
overall change in depressive symptom severity during the
study, because removal of the somatic items does not appear
to improve the BDI’s accuracy (Geisser et al., 1997). There is
general agreement that scores of 21 or higher suggest at least
a moderate level of depressive symptoms (Kendall et al.,
1987; Geisser et al., 1997; Rogers et al., 2005); therefore, we
chose this cutpoint as an indicator of clinically meaningful
depression in the study participants.

2.3.2. Process measures

2.3.2.1. Pain beliefs. We administered three scales from the
Survey of Pain Attitudes (SOPA) (Jensen et al., 1994): Disabil-
ity (belief that one’s pain is disabling), Harm (belief that pain
signifies damage and that activity should be avoided), and
Control (belief in one’s personal control over pain). These
scales have good test-retest stability, validity, and internal con-
sistency (Jensen and Karoly, 1992; Strong et al., 1992; Jensen
et al., 1994). Scores on each scale can range from 0 to 4, with
higher scores indicating greater agreement with the belief.

Participants also completed the 8-item TMD Self-Efficacy
Scale (SES), which is a modification (by replacing the word ‘ar-
thritis’ with ‘facial pain’) of the Arthritis Self-Efficacy Scale
(Gonzalez et al., 1995; Lorig et al., 1996). On this measure,
patients rate on a scale numbered from 0 = ‘very uncertain’
to 10 = ‘very certain’ their certainty that they can decrease their
pain quite a bit, keep facial pain from interfering with their
sleep, keep their pain from interfering with the things they want
to do, regulate their activity so as to be active without aggravat-
ing their pain, keep the fatigue caused by pain from interfering
with the things they want to do, do something to feel better if
they are feeling blue, manage facial pain during their daily
activities, and deal with the frustration of facial pain. Scale
scores are calculated as the mean of the eight ratings, with high-
er scores indicating greater self-efficacy. We previously report-
ed that this scale had excellent internal consistency (Cronbach’s
o =0.91) and validity in the sample of TMD patients enrolled
in this study (Brister et al., in press). Although the SOPA Con-
trol scale and the TMD SES are moderately correlated
(r=0.54 in this sample), the former scale assesses solely the
belief in ability to control one’s pain, whereas the SES assesses
confidence in ability not only to decrease pain but also to man-
age specific pain-related problems.

Pain catastrophizing was assessed by two scales. The CSQ
Catastrophizing scale has excellent internal consistency
(Rosenstiel and Keefe, 1983; Keefe et al., 1989) and has been
shown to be associated with various measures of functioning
in samples of patients with different pain conditions (Keefe
et al., 1987, 1989; Jensen and Karoly, 1991; Dozois et al.,
1996; Martin et al., 1996), including TMD (Turner et al.,
2001). Scores can range from 0 to 6, with higher scores indicat-
ing greater catastrophizing. The four-item Rumination sub-
scale of the Pain Catastrophizing Scale (PCS) captures
aspects of catastrophizing not assessed by the CSQ: ruminative
thoughts, worry, and an inability to inhibit pain-related
thoughts (Sullivan et al., 1995). The Rumination scale is asso-
ciated significantly with pain and disability (Sullivan et al.,
1998; Osman et al., 2000), and has good internal consistency

and discriminant validity (Osman et al., 2000). Scores on the
scale can range from 0 to 16, with higher scores indicating
greater tendency to ruminate about pain.

2.3.2.2. Pain coping. We administered four scales from the
Chronic Pain Coping Inventory (CPCI), a measure of strategies
used in the past week to cope with chronic pain (Jensen et al.,
1995). One of the scales, Rest, measures a pain coping response
that is believed to be related to worse adjustment of patients with
chronic pain and that is typically targeted for reduction in cog-
nitive-behavioral treatments (Jensen et al., 1995). The other
three scales, Task Persistence, Coping Self-Statements, and
Relaxation, are believed to be adaptive coping responses and
are typically encouraged in cognitive-behavioral treatments
(Jensen et al., 1995). The CPCI scales have demonstrated inter-
nal consistency, test-retest reliability, and validity (Jensen et al.,
1995). Scores on each scale can range from 0 to 7, with higher
scores indicating greater use of the coping strategy.

2.3.3. Measures to assess treatment credibility, TMD
knowledge, and treatment helpfulness

As a check on the two study interventions’ equivalence in fac-
tors other than active ingredients of CBT, we administered a
measure of treatment credibility at baseline and a measure to
assess knowledge about TMD at baseline and post-treatment.
We also administered a measure at post-treatment to assess study
participants’ views of the helpfulness of treatment components.

2.3.3.1. Treatment credibility. Treatment credibility questions
(Borkovec and Nau, 1972) adapted for use in studies of psy-
chological treatments for various pain and other problems
(Bradley et al., 1987; Keefe et al., 1990; Safren et al., 1997;
Addis et al., 2004) were also adapted for use in this study.
At baseline, prior to randomization, study participants were
given a brief description of the two study interventions. Partic-
ipants rated on 0-10 scales (0 = not at all, 10 = extremely) how
logical each treatment seemed to them, how confident they
were that each treatment would help them better control their
pain, how confident they were that each treatment would
decrease their pain, and how confident they would be in rec-
ommending each treatment to a friend with similar problems.
These ratings were averaged to create a single treatment cred-
ibility score for each treatment. The treatment credibility mea-
sures had high internal consistency in this sample (Cronbach’s
o =0.92 for credibility of the control condition and 0.93 for
credibility of the CBT condition).

2.3.3.2. TMD knowledge. Participants were asked whether they
agreed or disagreed with 10 statements about TMD (e.g., ‘All
individuals with clicking jaw joints should have treatment,’
‘TMD affects many more women than men’) used in previous
research with TMD patients (Dworkin et al., 1994). Articles
included in both the CBT and control condition participant
manuals (described in Section 2.5) provided information bear-
ing on each question. A score reflecting the proportion of ques-
tions answered correctly was calculated.

2.3.3.3. Treatment helpfulness. At the post-treatment assess-
ment, study participants rated on 0-10 scales (0 =not at
all helpful, 10 =extremely helpful) the helpfulness of four
components shared by the two treatments: information about
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TMD and TMD treatments, instructions for correcting
jaw posture and habits, jaw stretching exercises (for patients
whose dentists recommended their use), and reading material.
Participants also used 0-10 scales (0 =not at all, 10=
extremely) to rate overall treatment program helpfulness and
their satisfaction with the program.

2.4. Randomization

Study participants were assigned randomly to four individ-
ual biweekly sessions over eight weeks of either CB pain man-
agement training (PMT) or an education/attention control
condition (self-care management; SCM). Randomization was
stratified by participant chronic pain grade and gender to
ensure that the two groups would be nearly balanced on these
characteristics. Randomization assignments were generated by
a biostatistician (LM) using randomly selected block sizes of
two or four using the sample function of the S-PLUS® statis-
tical software (Insightful Corporation, Seattle, WA) to prevent
determination of the treatment assignment. Treatment assign-
ments were recorded on slips of paper numbered consecutively
within each stratum and sealed in envelopes sequentially num-
bered by stratum. Randomization assignment was concealed
to all study personnel until envelopes were opened by research
staff after subject consent was obtained.

2.5. Intervention protocol

Participants in each study condition were given a manual
with materials to read between sessions and discuss in sessions.
Both the PMT and the SCM manuals included an article about
TMDs and TMD treatments and instructions for TMD self-
care activities (e.g., monitoring jaw posture, relaxing jaws,
avoiding certain jaw movements and activities, application of
heat or cold, diet modifications, and jaw stretching exercises
to do if prescribed by the patient’s dentist). In both study con-
ditions, the treatment provider made brief (<15 min) telephone
calls to patients in weeks between sessions to inquire about
homework assignment completion and address questions,
and at 2, 4, 8, 12, 16, 20, and 24 weeks after the fourth session
to ask how the patient was doing and whether he/she had any
questions. In the PMT condition, the treatment provider also
inquired in the telephone calls about the patient’s use of
TMD self-care and coping strategies emphasized in the PMT
sessions and progress towards goals identified in the sessions.
In both conditions, the treatment provider followed a detailed
written protocol in each session and telephone call, and
checked off each protocol activity as it was delivered. Although
all study participants were encouraged to attend all four ses-
sions, some participants failed to attend one or more sessions
(numbers summarized in Section 3). In such cases, material in
missed sessions was covered to the extent possible in subse-
quent telephone calls and sessions.

2.5.1. PMT

PMT participants were seen by one of three licensed clinical
psychologists, each of whom had prior experience conducting
CBT, including the techniques in the PMT protocol, with
patients with chronic pain. Two of the psychologists were
trained and supervised (in regular meetings throughout the
study) in the PMT protocol by the third psychologist (JAT),

who has had over 25 years’ experience conducting CBT with
patients with chronic pain, including patients with TMD.
The treatment was based on standard CB pain therapies
(Turner and Romano, 2001) and a previously studied CB inter-
vention for chronic TMD pain (Dworkin et al., 2002). The
PMT patient manual included articles concerning psychologi-
cal aspects of pain, challenging negative thoughts about pain,
relaxation, and other behavioral techniques for pain manage-
ment, coping with pain flare-ups, and relapse prevention.

At each session, patients completed a ‘personal TMD
health care plan’ for activities to complete between sessions.
Patients checked off activities as they completed them on a dai-
ly basis, then brought the completed plan to each session for
discussion. Certain activities were recommended to all PMT
participants (e.g., check and correct jaw posture, progressive
relaxation practice, and breathing exercises) and other activi-
ties were added as part of working toward specific patient-
identified activity goals (e.g., increasing physical exercise such
as walking). Jaw stretching exercises were included if they had
been prescribed by the patient’s dentist. The psychologist
helped each patient identify potential obstacles to completing
activities and possible solutions.

Each PMT session included instruction and practice in pro-
gressive relaxation and abdominal/diaphragmatic breathing
techniques (Bernstein et al., 2000; Syrjala, 2001). Participants
were given a relaxation audiotape and asked to practice relax-
ation daily. The PMT treatment also included discussion of
fear-avoidance (Waddell et al., 1993; Vlaeyen and Linton,
2000), training in the identification and challenging of negative
thoughts in response to pain (Turner and Romano, 2001), and
discussion of relapse prevention and ways to maintain gains
and deal with setbacks (Turner and Romano, 2001).

2.52. SCM

The SCM condition was designed to control for the effects
of natural history/time, TMD education, patient expectations,
completing study measures, and attention. The SCM condition
did not include specific CBT techniques. The intervention was
conducted by bachelor’s level TMD patient educators trained
and supervised (in weekly sessions, including review of the ses-
sion protocol checklists) by a licensed clinical psychologist.
The educator focused only on the SCM structured protocol
content in each session and did not give any advice or recom-
mendations to study participants beyond that in the protocol.
In addition to the information about TMD described above,
the SCM patient manual included general health care informa-
tion (e.g., about pain medications, communicating with health
care providers, and making treatment decisions). The sessions
focused on reviewing the main points of each article in the
manual and discussing the patient’s reactions and questions.
If patients raised specific questions about their TMD problems
or treatments, the educator advised the patient to discuss these
with his/her dentist.

2.6. Statistical power

A priori power calculations for this trial were based on data
from previous studies of UW Orofacial Pain Clinic patients.
We expected the decrease in activity interference from baseline
to the 12-month follow-up to be 35-40% in the SCM group
and 60-65% in the PMT group. Based on estimates of mean
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(SD) baseline activity interference derived from our previous
studies, a sample size of 70 per group could detect a difference
(estimated to be 1.4 points) between groups in mean activity
interference (the primary outcome) at the 12-month follow-
up, assuming a standard deviation of 2.6, with 88% power
for a two-sided ¢-test with a 0.05 significance level. This sample
size also allowed sufficient statistical power (92%) to detect a
difference (estimated to be 1.3 points) between groups in char-
acteristic pain intensity at 12-month follow-up with an
assumed standard deviation of 2.2.

2.7. Statistical analysis

Intent-to-treat analyses included all randomized partici-
pants for whom follow-up data were available (72 PMT and
76 SCM participants; 94% and 96%, respectively, of those ran-
domized to PMT and SCM). To assess comparability of the
two study groups at baseline on sociodemographic, TMD,
and questionnaire measure variables, we used z-tests (for con-
tinuous and ordinal variables) and y tests (for categorical vari-
ables). To compare the two study groups on the outcome and
process measures over time, we fit linear regression models,
controlling for baseline values of the dependent variable exam-
ined and using generalized estimating equations (GEE) to
adjust for possible correlation within patients over the assess-
ment time points (Diggle et al., 2002). The two study groups
did not differ at baseline on any sociodemographic or outcome
variable (see Section 3). However, the groups did differ on two
clinical TMD diagnoses (see Section 3), and although neither
diagnosis was significantly related to any of the outcome mea-
sures, we performed sensitivity analyses adjusting for the two
TMD diagnoses.

We also performed two sensitivity analyses to assess
whether results were affected by participants’ pretreatment
views of the credibility of the study treatments. First, we
repeated the regression analyses, this time controlling for par-
ticipants’ ratings of the credibility of the treatment to which
they were subsequently randomized (i.e., we controlled for
PMT participants’ ratings of the credibility of PMT and for
SCM participants’ ratings of the credibility of SCM). A finding
of significant differences between treatments even after control-
ling for the credibility of the assigned treatment would suggest
that differences between treatments are unlikely to be due sole-
ly to patients’ pretreatment expectations. However, such an
analysis may result in the statistical problem of the confound-
ing of treatment credibility ratings and treatment assignment,
which could severely attenuate a true treatment effect, if pres-
ent. Therefore, a more appropriate statistical analysis might be
to enter two scores for each participant: their rating of the
credibility of SCM and their rating of the credibility of
PMT. Thus, we conducted the regression analyses again, con-
trolling for both treatment credibility scores.

Examination of the distributions of the outcome and pro-
cess measures revealed considerable skewness for activity inter-
ference and catastrophizing at the follow-up assessments.
Substantial proportions of study participants had scores of 0
on these measures, and no transformation of scores could
make the distribution shapes normal and similar for the two
groups. We therefore dichotomized scores on these measures
into categories of 0 versus some and performed logistic regres-
sion analyses using GEE to compare the two study groups on

these measures over time. The distribution of BDI scores was
also skewed, but normalized by a square root transformation
of scores. Therefore, we used square root transformed BDI
scores in all analyses that involved the BDI.

In the regression models, we tested for an overall time effect
as well as for effects at post-treatment, 6 months, and 12
months. These analyses were performed using PROC GEN-
MOD, SAS version 9.1 software (SAS Institute, Inc., Carey,
NC, USA, 2003). Although the primary analyses comparing
the two study groups over time included all subjects with at
least some post-treatment or follow-up data, regardless of ses-
sion attendance (intent-to-treat analyses), we repeated the
analyses on the subsample who attended all four treatment ses-
sions to examine whether results differed for treatment compl-
eters. We also performed multiple imputation analyses for the
outcome measures to assess the effect of missing data due to
patients who were randomized but provided no follow-up data
(n = 10 including the two participants who were withdrawn) or
incomplete follow-up data (rn =15). Baseline and follow-up
values of the outcome measures, as well as a variable indicat-
ing assigned treatment, were used in the imputation of the
missing values, which used a Markov Chain Monte Carlo
(MCMC) method assuming an arbitrary missing data pattern
and multivariate normality and a single chain to create five
imputations using 200 burn-in iterations before the first impu-
tation and 100 iterations between imputations. PROC MI was
used to generate the imputed data sets and PROC MIANA-
LYZE was used to combine the results of the GEE analyses
of imputed data sets and generate valid statistical inferences
(SAS Version 9.1 software programs).

As recommended by the Initiative on Methods, Measure-
ment, and Pain Assessment in Clinical Trials-IT (IMMPACT-
II) (Dworkin et al., 2005), we compared the two study groups
in terms of clinically meaningful improvement. To examine
whether the two groups differed in proportions of participants
who showed clinically meaningful improvement on the out-
come measures at the primary endpoint (12 months), we used
logistic regression analyses. We conservatively considered a
change of >50% in pain intensity from baseline to 12 months
to be meaningful. This criterion was used to assess response
rates in previous pain treatment trials (Serpell and Neuropath-
ic Pain Study Group, 2002) and was found to correspond to
patient appraisals of “very much improved” (Farrar et al.,
2001). Because clinically significant improvement has not been
defined for the activity interference measure, we compared the
proportions of the PMT and SCM groups with a score of 0 on
this measure at 12 months. For the MFIQ scales, we used
logistic regression analyses to compare the PMT and SCM
groups in terms of proportion with low impairment at 12
months, adjusting for baseline impairment category. For the
BDI, we used logistic regression to compare the PMT and
SCM groups in terms of proportion with scores >21 at 12
months, adjusting for baseline category.

We used analysis of covariance (ANCOVA) to compare the
two treatment groups in terms of pre- to post-treatment
change in TMD knowledge. We used Mann—Whitney tests to
compare the groups on post-treatment ratings of helpfulness
of treatment components (because they showed skewed distri-
butions, with more ratings at the high end) and on the mean of
the two overall helpfulness and treatment satisfaction ratings
(r =0.90 between these ratings).
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We did not make a statistical adjustment (e.g., Bonferroni
method, which inflates type II error and reduces statistical
power) for multiple comparisons. We expected at least moder-
ate correlations of the measures within each domain (out-
comes, beliefs, and coping) and thus fairly similar results
across the measures within each domain; findings of a signifi-
cant difference between the two study groups on multiple relat-
ed measures would support an interpretation that the
treatment had an effect on outcomes (or beliefs or coping).
We included multiple measures within each domain because
it would be of interest to patients, clinicians, and researchers
to know whether the CBT intervention had a different impact
on, for example, interference versus pain intensity. Similarly, it
would be of interest to know if process variables change differ-
entially with CBT. Given these considerations, we specified a
priori the primary endpoint, and as recommended for these cir-
cumstances (Rothman, 1990; Perneger, 1998; Schulz and
Grimes, 2005), did not adjust for multiple comparisons of sec-
ondary endpoints.

3. Results

3.1. Sample characteristics, session attendance, and
follow-up response

The two study groups did not differ significantly in
any sociodemographic characteristic examined (Table
1). The predominance (86%) of females among the par-
ticipants is consistent with the well-known predomi-
nance of women among patients with TMD (Carlsson
and LeResche, 1995; Dimitroulis, 1998). The two study
groups also did not differ significantly at baseline in
chronic pain grade (II high: 29.2%, 30.3%; III: 31.9%,
32.9%; IV: 38.9%, 36.8%; PMT and SCM, respectively;
¥ test, P=0.97) or duration of current pain episode
[PMT median (interquartile range) = 13.5 months (4-
78 months), SCM median (interquartile range) =17.5
months (4-72 months); Mann—Whitney test, P = 0.99].

Table 1
Baseline sociodemographic characteristics of study participants
Characteristic PMT SCM P-value®
(n="172) (n=16)
Age, mean (SD), years 38.9 (11.6) 35.7(10.9) 0.09
Female, % 86.1 86.8 0.90
Education, % 0.37
High school or less 26.4 17.1
Some college or 37.5 44.7
vocational/technical
College graduate 36.1 38.2
White, % 87.5 81.6 0.24
Working full-time, % 44.4 36.8 0.35
Marital status, % 0.91
Married or living as married 48.6 48.7
Never married 29.2 31.6
Widowed, separated, 22.2 19.7

or divorced

PMT, Pain Management Training; SCM, Self-Care Management.
2 From t-test for age and y tests for other variables.

In the RDC/TMD diagnostic classification system,
patients may have more than one diagnosis. Almost all
study participants had an RDC/TMD Group I (muscle)
diagnosis (PMT 97.2%, SCM 94.7%), with somewhat
higher proportions having a Ib (myofascial pain with
limited opening) as compared with a Ia (myofascial
pain) diagnosis (PMT: 44.4% la, 52.8% Ib; SCM:
35.5% la, 59.2% Ib; PMT versus SCM comparison
P =0.45). Slightly more than half of the participants
in each group had a IIla (arthralgia) diagnosis (PMT:
56.9%, SCM: 55.3%; P =0.84). Among the nine most
common RDC/TMD diagnoses in this sample, only
two differed significantly between groups. More SCM
(22.4%) than PMT (6.9%) participants had a Ila (disc
displacement with reduction) diagnosis (x° test,
P =0.008). More PMT (9.7%) than SCM (1.3%) partic-
ipants had a IIIb (osteoarthritis of the TMJ) diagnosis
(Fisher’s exact test, P = 0.03).

Fig. 1 provides information concerning intervention
session completion and follow-up assessment comple-
tion for all randomized participants. The PMT and
SCM groups did not differ significantly in the propor-
tion of randomized participants who completed at least
one follow-up assessment (PMT: 94%, SCM: 96%; ;>
test, P=0.49) or in the number of follow-up assess-
ments completed (3> test, P = 0.83). Among all patients
randomized (N = 158), all four intervention sessions
were completed by 57 (74%) PMT participants and 53
(67%) SCM participants (3> test, P =0.34). Nine
(12%) PMT participants and seven (9%) SCM partici-
pants did not attend any sessions; 11 (14%) PMT and
19 (24%) SCM participants attended one to three ses-
sions. The sample analyzed for this report consisted of
the 148 study participants who provided some post-
treatment or follow-up data. Among these 148 partici-
pants, the proportion of participants who completed
all four intervention sessions did not differ between
treatment groups (79% of those assigned to PMT and
70% of those assigned to SCM; ;> test, P = 0.19).

3.2. PMT versus SCM: changes on outcome measures

At baseline, almost all study participants reported
that pain interfered with daily activities (Table 2). On
average in the sample, pain intensity was moderately
high (6.8 in each group) and depressive symptoms were
in the mild to moderate range of severity. As has been
found in past research with TMD patients (Stegenga
et al., 1993b), participants reported more masticatory
than non-masticatory jaw use limitations. The two study
groups did not differ significantly at baseline on any out-
come measure.

Adjusting for baseline scores, across the three follow-
up assessments, the PMT group had significantly better
outcomes as compared with the SCM group on all out-
come measures: pain-related activity interference (the
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Table 2

Outcomes for patients in PMT versus SCM

Measure/time ~ PMT SCM P-value®  Overall
P-value®

Activity interference, % (n) with none

Baseline 1.4% (1) 5.3% (4) 0.37
Post 12.9% (9) 5.6% (4) 0.05

6 months 36.8% (25)  11.1% (8) 0.0002 0.0002
12 months 35.3% (24)  12.9% (9) 0.004

Characteristic pain intensity, mean (SD)

Baseline 6.8 (1.7) 6.8 (1.7) 0.97
Post 5.2 (1.9) 5.2 (2.1) 0.82
6 months 4.0 (2.5) 48 (2.1) 0.03 0.04
12 months 3.9 (2.6) 4.7 (2.3) 0.02

Beck Depression Inventory,” mean (SD)

Baseline 13.4 (8.6) 13.4 (8.8) 0.99

Post 8.8 (9.3) 11.0 (10.6) 0.046

6 months 8.9 (9.8) 10.8 (8.6) 0.37 0.02
12 months 8.3 (9.1 11.4 (10.1) 0.03

MFIQ Non-Masticatory, mean (SD)

Baseline 0.38 (0.19) 0.36 (0.16)  0.44

Post 0.26 (0.20) 0.29 (0.17)  0.058

6 months 0.22 (0.19) 0.26 (0.18)  0.04 0.02
12 months 0.20 (0.19) 0.26 (0.16)  0.02

MFIQ Masticatory, mean (SD)

Baseline 0.60 (0.26)  0.56 (0.25)  0.31
Post 048 (0.26)  0.54(0.23)  0.005

6 months 042 (0.26)  0.48 (0.26)  0.009 0.0004
12 months 040 (0.27)  0.50 (0.25)  0.0001

PMT, Pain Management Training; SCM, Self-Care Management;
MFIQ, Mandibular Function Impairment Questionnaire.

Mean values shown are observed (not adjusted for baseline
differences).

# Activity interference was analyzed as none versus some due to the
number of patients with scores of 0 at follow-up; for activity
interference, P-values for baseline comparisons are from y? tests and
P-values for post and follow-up comparisons are from logistic
regression analyses fit using GEE and adjusting for baseline values
of activity interference. For all other outcome measures, P-values for
baseline comparisons are from ¢-tests and for post and follow-up
comparisons are from linear regression analyses (fit using GEE)
adjusting for baseline values of the outcome variable.

® Overall P-value indicates the statistical significance of the difference
between the two study groups on average over the three follow-up
assessments, adjusting for baseline outcome measure scores (from
logistic regression for activity interference and linear regression for all
other measures).

¢ Because the distribution of Beck Depression Inventory scores was
skewed, square root-transformed values were used in the analyses. For
ease of interpretation, the mean and SD shown have been transformed
back to the original scale.

primary outcome), characteristic pain intensity, depres-
sion (Beck Depression Inventory), and the MFIQ
Non-Masticatory and Masticatory scales (Table 2).
The outcome measures exhibited different patterns of
between-group differences across the three follow-up
assessments, but all showed statistically significant dif-
ferences at 12 months. The adjusted (for baseline levels)
mean differences (PMT-SCM) and 95% CI at 12 months
were —0.92 (—1.70, —0.14) for characteristic pain inten-

sity, —2.93 (—5.35, —0.50) for the BDI, —0.13 (—0.19,
—0.07) for MFIQ masticatory limitations, and —0.06
(—=0.11, —0.01) for MFIQ non-masticatory jaw limita-
tions. The odds of reporting no activity interference at
12 months, after adjusting for baseline interference, were
four times greater in the PMT group than in the SCM
group (OR =4.2; 95% CI = 1.7, 10.2).

In the sensitivity analyses using multiple imputation
for missing values, the statistical significance (i.e.,
whether the P-value was <0.05) of the difference
between PMT and SCM did not change for any out-
come measure, and the adjusted mean differences
between groups were essentially unchanged. In the sen-
sitivity analyses adjusting for RDC/TMD diagnosis,
there was a small attenuation of the treatment group dif-
ferences, but for all outcome measures, the difference
between treatment groups remained statistically signifi-
cant at 12 months. In the analyses of data from partici-
pants who completed all four sessions, overall
differences between PMT and SCM were greater than
in the intent-to-treat analyses for all outcome measures
except the BDI and activity interference.

3.3. PMT versus SCM: changes on process measures

As compared with the SCM group, the PMT group
showed significantly greater overall improvement and,
with only one exception, significantly greater improve-
ment at each follow-up assessment on each belief and
catastrophizing measure (Table 3). The two groups did
not differ in overall change on three of the four coping
scales. However, there was a significant difference
(P <0.0001) between groups over time in the use of
relaxation techniques to cope with pain. The SCM
group showed no change over time in the use of relaxa-
tion. An increase in the PMT group at post-treatment
was followed by a decrease over the next 9 months,
but still greater use at 12 months relative to baseline.
Analyses limited to treatment completers yielded com-
parable results, with no meaningful differences as com-
pared with the intent-to-treat analyses.

3.4. Clinically significant change on outcome measures

Among the patients who provided 12-month data,
50% of the PMT group but only 29% of the SCM group
had characteristic pain intensity decreases of >=50%
from baseline to 12 months (logistic regression,
P =0.01). Among treatment completers, the superiority
of PMT was even greater: 55% of the PMT group and
24% of the SCM group achieved this level of pain relief
(logistic regression, P = 0.001).

The superiority of the PMT intervention in terms of
clinically significant change was also seen on the mea-
sure of masticatory jaw use limitations. At baseline,
17% of the PMT subjects were in the low jaw impairment
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Table 3

Process measure changes in PMT versus SCM groups

Measure/time PMT SCM P-value® Overall P-value®
Beliefs

SOPA Disability, mean (SD)

Baseline 2.0 (0.8) 1.8 (0.8) 0.14

Post 1.4 (0.9) 1.6 (0.8) 0.0004

6 months 1.2 (0.8) 1.6 (0.8) <0.0001 <0.0001
12 months 1.3 (1.0) 1.5(0.8) 0.004

SOPA Harm, mean (SD)

Baseline 2.0 (0.6) 1.8 (0.6) 0.02

Post 1.4 (0.7) 1.7 (0.7) 0.0002

6 months 1.4 (0.7) 1.7 (0.6) 0.0001 <0.0001
12 months 1.4 (0.8) 1.6 (0.7) 0.003

SOPA Control, mean (SD)

Baseline 1.8 (0.7) 1.8 (0.7) 0.85

Post 2.8 (0.7) 2.2(0.8) <0.0001

6 months 2.9 (0.7) 2.2 (0.8) <0.0001 <0.0001
12 months 2.9 (0.9) 2.2(0.8) <0.0001

Self-efficacy, mean (SD)

Baseline 4.8 (2.1) 5.0 (2.1) 0.73

Post 6.4 (1.9) 53 (1.9) <0.0001

6 months 6.7 (2.3) 5.6 (2.1) 0.001 <0.0001
12 months 7.1(2.3) 5.8 (2.0) <0.0001

Catastrophizing
CSQ, % (n) with score of 0

Baseline 6% (4) 7% (5) 1.0

Post 20% (14) 8% (6) 0.03

6 months 27% (18) 7% (5) 0.0007 <0.0001
12 months 29% (20) 4% (3) <0.0001

PCS Rumination, mean (SD)

Baseline 9.8 (4.1) 10.0 (3.9) 0.75

Post 6.0 (4.2) 8.2 (3.9) 0.0003

6 months 6.0 (4.2) 7.4 (3.8) 0.03 0.0003
12 months 5.7 (4.6) 7.3 (3.5) 0.007

Coping

CPCI Task Persistence, mean (SD)

Baseline 4.4 (1.9) 4.2 (1.6) 0.68

Post 4.6 (1.8) 4.6 (1.8) 0.91

6 months 4.4 (2.0) 4.4 (1.8) 0.81 0.84
12 months 4.5(2.0) 4.5(1.8) 0.88

CPCI Coping Self-statements, mean (SD)

Baseline 2.7 (1.7) 2.3 (1.6) 0.11

Post 32 (1.8) 2.5(1.8) 0.05

6 months 2.6 (1.8) 2.2 (1.8) 0.47 0.30
12 months 2.6 (1.9) 2.3 (1.9) 0.95

CPCI Relaxation, mean (SD)

Baseline 2.2 (1.5) 2.1(1.4) 0.67

Post 3.7 (1.6) 23(1.4) <0.0001

6 months 3.1(1.7) 2.1(1.4) <0.0001 <0.0001
12 months 3.0 (L.6) 2.1(1.4) 0.0004

CPCI Rest, mean (SD)

Baseline 3.0 (1.8) 33(1.7) 0.46

Post 2.8(1.9) 3.0(1.7) 0.66

6 months 2.8 (1.94) 2.5(1.8) 0.17 0.84
12 months 2.6 (1.9) 2.8 (1.8) 0.61

PMT, Pain Management Training; SCM, Self-Care Management; SOPA, Survey of Pain Attitudes; CSQ, Coping Strategies Questionnaire; PCS, Pain
Catastrophizing Scale; CPCI, Chronic Pain Coping Inventory.
Mean values shown are observed (not adjusted for baseline differences).

@ P-values for baseline comparisons are from -tests for continuous variables and > tests for categorical variables, P-values for post and follow-up
comparisons are from linear regression analyses for continuous variables and logistic regression analysis for categorical variables (fit using GEE) adjusting
for baseline values of the outcome variable.

® Overall P-value indicates the statistical significance of the difference between the two study groups on average over the three follow-up assessments,
adjusting for baseline outcome measure scores.
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category and 51% in the severe category; at 12 months,
these proportions were 46% and 22%, respectively. In
the SCM group, 16% were low and 46% severe at base-
line versus 24% low and 34% severe at 12 months. The
difference between proportions of PMT and SCM par-
ticipants with low versus moderate/severe masticatory
impairment at 12 months, adjusting for baseline impair-
ment category, was highly significant in both the intent-
to-treat (logistic regression, P = 0.0006) and treatment
completer analyses (P = 0.0035).

On the MFIQ Non-masticatory scale, the PMT
group improved from 39% low and 17% severe impair-
ment at baseline to 74% low and 7% severe at 12
months. In the SCM group, there were 37% in the low
and 8% in the severe category at baseline, and 64%
low and 6% severe at 12 months. The difference between
study groups in proportions with low versus moderate/
severe non-masticatory impairment at 12 months,
adjusting for baseline impairment category, showed a
trend towards statistical significance in the intent-to-
treat analyses (logistic regression, P = 0.09) and statisti-
cal significance in the treatment completer analyses (85%
of PMT completers in the low category versus 62% of
SCM completers; P = 0.0075).

At baseline, the PMT and SCM groups did not differ
in proportions with BDI scores above the cutoff (scores
>21) for clinically significant levels of depressive symp-
toms (25% of PMT and 24% of SCM subjects;
P =0.81). At 12 months, the proportion in this category
increased slightly in the SCM group (26%). In contrast,
in the PMT group, the proportion with clinically signif-
icant levels of depressive symptoms at 12 months (10%)
was less than half that at baseline. The difference
between groups at 12 months, adjusting for baseline sta-
tus, was statistically significant (logistic regression,
P =0.016). The odds of having a BDI score <21 at 12
months, after adjusting for baseline BDI score, were
almost four times higher in the PMT than in the SCM
group (OR = 3.8; 95% CI, 1.2, 12.0). In the results for
treatment completers, there was a similar, but no longer
statistically significant, pattern of differences between
groups.

3.5. Non-specific factors, TMD knowledge, and treatment
helpfulnessl/satisfaction

3.5.1. Treatment credibility and expectations

At baseline (prior to randomization), study partici-
pants rated the credibility of the PMT treatment as high-
er than that of the SCM treatment [mean (SD)=6.6
(2.0) for PMT, 5.7 (2.0) for SCM on the 0-10 scale;
paired t-test for nonzero difference, P <0.0001]. When
we repeated the regression analyses examining changes
over time on the outcome and process measures, con-
trolling for patient ratings of the credibility of the treat-
ment to which they were assigned, the PMT group

remained significantly superior to the SCM group in
improvement on every process measure and on every
outcome measure except characteristic pain intensity
(after controlling for credibility, overall P for the differ-
ence between groups = 0.079). When we controlled for
both credibility ratings (one for SCM, one for PMT),
the treatment group differences became more highly sig-
nificant on every process and outcome measure includ-
ing characteristic pain intensity (after controlling for
credibility, overall P for the difference between groups
in pain intensity = 0.029).

3.5.2. TMD knowledge

The PMT and SCM groups did not differ at baseline
in scores on the TMD knowledge measure [PMT mean
(SD) =72 (15), SCM mean (SD) =74 (13) on the 0-
100 scale; t-test, P = 0.44]. Both groups showed signifi-
cant increases in TMD knowledge from baseline to post-
treatment [posttreatment PMT mean (SD) =79 (15),
SCM mean (SD)=282 (12); paired ¢-test to assess
change, P =0.004 in PMT, P <0.0001 in SCM], with
no significant difference in change between groups
(ANCOVA, P=0.16).

3.5.3. Post-treatment ratings of treatment helpfulness

Participants in both groups on average rated each
treatment component assessed as at least moderately
helpful, but those assigned to PMT gave higher ratings
for all components shared by the treatments except
jaw stretching (which was not prescribed for all patients
by their dentists). Median (IQR) ratings for PMT and
SCM, respectively, were 8.0 (6.0-10.0) and 7.0 (5.0-
9.0) for information about TMD (Mann—Whitney test,
P =10.007); 9.0 (8.0-10.0) and 8.0 (6.0-10.0) for learning
to check and correct oral posture and jaw habits
(P =0.006); 9.0 (5.0-10.0) and 7.0 (5.0-9.0) for jaw
stretching (P =0.16); and 8.0 (7.0-9.0) and 6.0 (4.0-
8.0) for reading material (P = 0.004). The mean of the
overall helpfulness and treatment satisfaction ratings
was significantly higher in the PMT group [median
(IQR) =9.0 (8.0-10.0), 7.0 (5.0-9.0), PMT and SCM,
respectively; P < 0.001].

4. Discussion

Among patients receiving usual care in a specialty
clinic for chronic TMD pain, a brief CBT intervention,
as compared with a self-care education/attention control
condition, produced statistically and clinically signifi-
cant improvement in activity interference, pain, depres-
sion, and jaw function over the following year. On the
primary outcome, activity interference, the proportion
of patients with a score of 0 at 12 months was almost
three times higher in the CBT group (35%) than in the
control condition (13%). That the CBT intervention pro-
duced clinically meaningful changes is also supported by
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patients’ highly favorable evaluations of the treatment’s
helpfulness (median =9 on a 0-10 scale).

We previously reported the short-term effects of the
CBT versus control condition on daily electronic diary
outcome and process measures completed during treat-
ment (Turner et al., 2005). The groups did not differ sig-
nificantly in rate of within-person change on any daily
outcome measure. However, the data suggested a trend
towards greater improvement in activity interference
and jaw function in the CBT than in the control group
in the last two weeks of treatment, possibly indicating
a treatment effect that might become more apparent at
longer-term follow-ups. The present results substantiate
that conjecture.

CBT patients, compared to the control group, also
showed significantly greater short- and long-term chang-
es in pain-related beliefs previously demonstrated to
play important roles in pain and disability. During the
year after treatment, CBT patients had greater decreases
in belief they were disabled, belief their pain signaled
harm, and catastrophizing, and greater increases in per-
ceived ability to control pain and related problems. At
12 months, the proportion with catastrophizing scores
of 0 was seven times higher in the CBT than in the con-
trol group (29% versus 4%). These standard validated
questionnaire results replicate and extend our previous
daily electronic diary findings (Turner et al., 2005) that
the CBT group showed greater short-term improvement
in pain beliefs and catastrophizing.

In contrast to our hypothesis that CBT would impact
all types of pain coping assessed, the only coping strategy
that showed a CBT effect was relaxation, which was
emphasized much more than the other coping strategies
in the CBT protocol. Increases in use of relaxation in
the CBT group relative to the control group were seen
during treatment on daily electronic measures (Turner
et al., 2005) and in the year after treatment on a standard
questionnaire. Relaxation techniques may be particularly
important for patients with TMD given evidence of a
strong association between jaw pain and daytime jaw,
face, and head muscle tension (Glaros et al., 2005).

One difference between the daily diary and the longer-
term questionnaire results was in cognitive coping. On
our diary measure, which assessed multiple cognitive
coping strategies (e.g., challenging negative thoughts,
viewing pain in a different light), the CBT group showed
a much larger increase than did the control group. We
assessed only one type of cognitive coping in the year
after treatment (coping self-statements), and this mea-
sure showed no treatment group difference. It is possible
that the CBT intervention changed other types of cogni-
tive coping that were not assessed after treatment. Fur-
ther research using measures of cognitive and other
coping strategies not assessed in this study (as well as
different CBT protocols) is needed to more fully under-
stand the effects of CBT on coping.

The benefits of CBT were not due solely to patient
education and expectations. CBT and control groups
showed comparable increases in TMD knowledge. Sim-
ilar to previous studies in which patients with chronic
pain rated CBT credibility (Bradley et al., 1987; Goos-
sens et al., 2005), patients had only moderate expecta-
tions for the two interventions, perhaps because of
their previous experiences with pain treatments. Prior
to randomization, patients viewed the CBT intervention
as more credible than the control intervention. Howev-
er, even after adjusting for patient ratings of credibility
of their assigned treatment, the CBT group showed
significantly better outcomes on all measures except
pain intensity (for which there was a trend toward a
significant difference). This indicates that the benefits
of CBT cannot be explained entirely by patient
expectations.

The difference in patients’ baseline expectations of the
two interventions (approximately one point on a 0-10
scale) is of unknown clinical meaningfulness, but it
underscores the importance of assessing patients’ treat-
ment expectations, as they may influence treatment
adherence and outcomes. In future RCTs, efforts should
be made to enhance the credibility of the control condi-
tion so that it is equal to that of the active treatment. It
may be informative to assess treatment credibility both
before and after the first treatment session, as credibility
could change with treatment exposure.

There exist only a few reports of one-year follow-ups
from RCTs of brief CBT for chronic pain. A four-ses-
sion intervention aimed at reducing fear-avoidance and
increasing activity among patients with back pain
reduced activity limitations over a two-year follow-up
(Von Korffet al., 2005). Two previous studies conducted
in the UW Orofacial Pain Clinic compared usual care
with versus without brief CBT. A two-session CBT
group produced no observed benefits at three months,
but significantly greater improvement in pain and a
trend towards significantly less activity interference at
one-year (Dworkin et al., 1994). Six individual CBT ses-
sions produced significantly greater improvement in
pain and a trend toward significantly less interference
at four months, but no significant differences at one-year
(Dworkin et al., 2002). The inclusion criteria and patient
characteristics were similar in the 2002 study and the
current study. However, in the current study, the CBT
intervention emphasized strategies to maintain gains
after treatment, including ways to prevent and manage
pain flare-ups. Furthermore, although follow-up tele-
phone calls were made to both CBT and control group
patients, in the CBT condition, the psychologist
inquired about adherence to treatment recommenda-
tions and engaged in problem-solving with patients
who reported difficulties. Periodic contact with patients
via “booster sessions’’ has been used in conjunction with
interventions for a variety of physical and mental health
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problems (Syrjala et al., 1995; Clark et al., 1999; Zijlstra
et al., 2005); research is needed to compare brief thera-
pies with and without booster sessions and to determine
whether there is a ““dose-response” relationship between
booster sessions and outcomes.

The 43% enrollment rate is a study limitation, but
comparable to rates in previous RCTs of CBT in clinic
settings (Dworkin et al., 1994, 2002). Although study
participants and nonparticipants did not differ on any
variable examined except age, it is possible that partici-
pants differed from the larger population of individuals
with disabling chronic TMD pain in ways that might
have affected the study results. Further research is need-
ed to assess the generalizability of the study findings to
other groups of people with TMD pain as well as to
individuals with other chronic pain conditions.

Another study limitation is that treatment provider
competence and study protocol adherence were not
assessed via direct observation (e.g., audiotape review).
Intervention differences in treatment provider back-
ground might be viewed as a study limitation in that
the superiority of CBT may have reflected treatment
provider as well as content differences. However, use
of a Ph.D.-level psychologist as treatment deliverer in
the control condition carries certain risks (e.g., inadver-
tent use of CBT techniques, negative influence of psy-
chologists’ expectations that the control treatment
would not be effective) and the use of bachelors’ level
patient educators represents a more ‘‘real-world”
approach, as psychologists would be unlikely to conduct
solely educational interventions in clinical settings.

Our findings support the cognitive-behavioral model
of chronic pain and the added value of CBT in conjunc-
tion with specialty dental treatment, and suggest direc-
tions for future research. The impact of this brief CBT
intervention in improving patient outcomes beyond
improvement associated with TMD clinic treatment,
education, attention, and natural history indicates the
promise of brief CBT for patients with chronic disabling
pain. Given that subgroups of patients with chronic pain
can be identified reliably based on levels of pain, func-
tioning, and distress, and that subgroup membership
predicts response to pain treatments (Von Korff et al.,
1992; Keefe et al., 2004), a logical next step would be
to tailor brief treatments based on patient subgroup or
other characteristics (e.g., depression, anxiety, and sleep
disturbance) (Keefe et al., 2004). There is also a need to
evaluate stepped care approaches (Von Korff and
Moore, 2001) to determine whether patients who fail
to improve substantially with brief therapy benefit from
further, more intensive, therapy. Finally, many eligible
patients declined to participate in our study because of
the requirement to attend four sessions; this suggests a
need to develop and evaluate telephone- and internet-
based CBT interventions. Telephone calls have been
used effectively as the sole vehicle of treatment delivery

and to supplement in-person CBT interventions (Rene
et al., 1992; Mohr et al., 2000; Moore et al., 2000; Hol-
royd et al., 2001; Damush et al., 2003). Internet-based
interventions with and without telephone calls have been
demonstrated effective for chronic back pain (Lorig
et al., 2002; Buhrman et al., 2004). The relative value
of such novel delivery methods versus traditional
clinic-based CBT for chronic pain remains to be
determined.
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