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Abstract

The salivary cortisol response to psychological stress and its relationship to psychological variables was examined in 36 female
temporomandibular dysfunction (TMD) sufferers and 39 female control participants. Saliva samples were taken at baseline, after comple-
tion of a modified version of the Trier Social Stress Test, and after rest. Participants also completed a battery of measures, including Visual
Analog Scales for measuring pain intensity and disability and a number of established psychological scales. The TMD group showed a
significantly higher cortisol response to experimental stress than the control group. Closer examination of the data revealed that the TMD
group was heterogeneous and composed of a group that hypersecreted cortisol in response to stress (Hi-SC TMD group) and another group
whose cortisol response was not significantly different from the control group (Lo-SC TMD group). The Lo-SC TMD group showed
significant negative relationships between cortisol response and self-reported symptoms of both anxiety and depression, plus significantly
more use of the Praying or Hoping coping strategy on the Coping Strategies Questionnaire. A dual relationship between TMD symptoms
and the stress response is proposed. First, a biological predisposition to TMD is suggested by the stress response in the Hi-SC TMD group.
Second, both psychological and biological variables appear to be important factors in those TMD patients who respond to stress with low
cortisol secretion. © 1997 International Association for the Study of Pain. Published by Elsevier Science B.V.
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1. Introduction

Biopsychosocial models emphasizing the multifactorial
nature of temporomandibular disorders (TMD) and consid-
ering the role of cognitive, social, and biological factors in
the etiology of TMD have emerged in recent years (Mar-
bach and Lipton, 1987; Rudy et al., 1989; Grzesiak, 1991).
Such models recognize that the importance of each of these
factors will vary for each individual affected by the disor-
der. When guided by a biopsychosocial model, the clini-
cian’s task is ultimately to identify how much of each
factor is involved, and to design appropriate treatment for
each individual depending upon this analysis.

Clark (1991) indicated that because the etiology of TMD
is multifactorial in nature, and because different proportions
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of each factor will be operating in each individual, there can
be no grand unifying etiologic theory of TMD. He reasoned
that TMD likely consists of several diseases. The challenge
is to separate and define the different temporomandibular
disorders and to identify the specific etiological factors
responsible for each one before we can properly treat and
prevent TMD. Rudy et al. (1995) questioned the validity of
relying primarily on physical variables for diagnosing and
designing treatment for TMD. They felt that there are sub-
groups of TMD patients sharing common physical signs and
symptoms who may exhibit differences in psychosocial and
behavioral variables. More importantly, they documented
differential treatment responses in TMD subgroups that
were created using psychosocial and behavioral criteria.
According to biopsychosocial models, future research on
TMD etiology should emphasize both physiological and
psychological factors and the relationship between them.
Clark (1991) drew on a theory by Schwartz (1984) to
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describe stress induced musculoskeletal pain (which
includes TMD) as ‘psychobiological dysregulation’.
According to this theory, our regulatory systems are con-
stantly cycling for the purpose of maintaining homeostasis,
aided by various forms of feedback. Schwartz suggested
that dysregulation of regulatory systems could occur
because of faulty feedback stimuli which might be physio-
logical, psychological, or social. He stressed that each of
these stimulus classes can ultimately induce alterations in
the central nervous system.

Physiological mechanisms that have been considered in
TMD etiology include endocrine and immune system
responses to stress and pain. Marbach et al. (1990) studied
immune function in a TMD population and controls, finding
no differences. In contrast, there is evidence that the endo-
crine stress response could play a role in TMD etiology,
although few unequivocal conclusions can be drawn.
Atternpts to relate the physiological hypothalamic-pitui-
tary-adrenal (HPA) axis stress response to psychological
coping strategies in chronic pain populations have been
rare, to date. However, recent research showing that estro-
gen binding at receptors on the corticotrophin releasing
hormone (CRH) gene can increase CRH activity (Vamva-
kopoulos and Chrousos, 1993), provides a potential link
between the HPA response to stress, female sex hormones,
and the high proportion of women who seek treatment for
TMD.

There have been three previous attempts to link stress and
the HPA response in TMD patients. Evaskus and Laskin
(1972) measured both catecholamine and 17-hydroxyster-
oid levels in the urine of myofacial pain patients, showing
that they had significantly higher levels of both hormones
than control subjects. They concluded that myofacial pain
patients were under more emotional stress than the control
group. Geissler (1985) measured normal overnight urinary
cortisol/creatinine ratios as an operational measure of stress,
finding 30% higher levels in TMD patients compared to a
control group. However, that study requires replication due
to small sample sizes and because the results did not demon-
strate a causal relationship between stress and TMD
etiology. Hampf et al. (1989) studied both cortisol and (-
endorphin levels in chronic orofacial pain patients, but
found no correlation between endocrine markers and either
pain or mental disturbance. That study also had problems
regarding sample size, a heterogeneous pain population, and
operational definitions of ‘mental disturbance’.

Thus, there appears to be a need to rigorously study the
possibility that individual differences in the HPA response
to stress could be a potential biological predisposing factor
for the presence of TMD symptoms and pain. Although
researchers have been interested in using plasma levels of
unbound, active cortisol as an index of HPA activity, there
are problems associated with blood assays, including com-
plications with venipuncture, reactivity to giving blood
samples, and ethical implications (Kirschbaum and Hell-
hammer, 1989). The ease with which saliva samples can

be collected, together with recent developments in biochem-
ical assays, have made salivary cortisol assays a convenient,
valid, and reliable alternative for determining the unbound,
active cortisol fraction in plasma (Kirschbaum and Hell-
hammer, 1994).

This study was designed to assess group differences
between control participants and a clinical sample seeking
treatment for symptoms of TMD. More specifically, we
tested three major hypotheses. Firstly, that clinical popula-
tions seeking treatment for pain associated with TMD
symptoms will show increased cortisol response to an
experimental stress situation compared to people in a con-
trol population. Secondly, because the perceived inability to
exert control over stressful situations is important in activa-
tion of the HPA response (Frankenhaeuser, 1986; Henry et
al., 1992; Henry, 1993), we predicted that the TMD parti-
cipants will more likely perceive their health status as being
due to external factors than the control participants, whom
we expected to view their health with more of an internal
locus of control. Similarly, we expected the TMD group to
endorse using more maladaptive coping strategies to cope
with pain when compared to the control group. Finally, we
anticipated that the hypothesized differences between the
TMD and control groups in their HPA response to stress
will be related to psychosocial factors, such as differences in
appraisal of locus of control, strategies used to cope with
pain, and measures of somatization and trait positive and
negative affect.

2. Method
2.1. Subjects

A TMD group consisting of 36 participants (mean 31.86
years, SD 11.40) was recruited from people seeking treat-
ment for TMD pain through the Faculty of Dentistry at the
University of Western Ontario or through the Department of
Dentistry at Victoria Hospital, both in London, Ontario,
Canada. Since this study was concerned with pain experi-
ence rather than specific symptoms, the TMD participants
were heterogeneous in regard to TMD symptoms. The cri-
teria for inclusion in the TMD group were that all patients
experienced pain upon palpation of their muscles of masti-
cation and all had deviation of the mandible when opening.
All TMD patients demonstrated abnormal joint sounds,
although these were not a criterion for inclusion in the
TMD group. None of the TMD patients presented any
signs of osteoarthrosis or osteoarthritis.

A letter of information explaining the general purpose of
the study was given to people seeking treatment at these
centers, and individual appointments were made for people
who were interested in participating. TMD participants
were compensated $10.00 for their participation. The con-
trol group of 39 participants (mean 22.28 years, SD 6.37)
was recruited from the Psychology Department undergrad-
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uate subject pool at the University of Western Ontario,
Ontario, Canada. Participants in the control group were
screened to ensure that they had not received treatment for
TMD pain or symptoms within the last 6 months. The con-
trol group was, therefore, a community sample which might
contain some people with untreated TMD symptoms and
pain and some who would report other pain problems.

In an effort to reduce the number of possible interactions
between type of stressor, degree of stress, coping styles, and
gender of participants, all subjects in this study were female.
Controlling for gender also reduced the possibility of con-
founds due to differing effects of a single experimenter
across genders, since the person doing the testing in this
study was male. Attempts were made to match participants
in the two groups according to age, by trying to recruit
volunteers for the control group from mature students in
an introductory psychology night class and from upper
year dental classes. All participants completed a brief
Health Questionnaire. Any person in the third trimester of
pregnancy, on prednisone or prednisolone therapy, or hav-
ing a known diagnosis of Cushing’s disease, major depres-
sion, hypercortisolism, hypocortisolism, or cardiovascular
disease were excluded from the study. All participants in
the study refrained from eating or drinking anything besides
water for 1 h before testing, and also refrained from smok-
ing, heavy exercise, or brushing or flossing their teeth for the
hour prior to testing.

2.2. Experimental stress protocol

A modified form of the Trier Social Stress Test (TSST)
(Kirschbaum et al., 1993) was used to induce stress and
activate the HPA axis. All participants were tested between
1300 and 1630 h to eliminate the effects of diurnal variation
and large morning pulses in cortisol secretion. Upon arriv-
ing for their appointment, participants were introduced to
the experimenter and asked to complete a brief Health Ques-
tionnaire to ensure that they met the requirements for inclu-
sion in the study. They were asked to complete the Positive
and Negative Affect Scale (PANAS) (Watson et al., 1988)
as a measure of state anxiety then were asked to rate the
amount of stress they had experienced that day on a 15 cm
Visual Analog Scale (VAS). All participants provided
informed consent for participation in the study. Participants
were then given instructions for providing saliva samples
and were asked to provide the baseline sample (time O min).

Immediately after giving the baseline sample, partici-
pants were given standardized instructions for the two
tasks that they would be required to perform. They were
told that they would have to stand in front of a video camera
and play the role of a person being interviewed for a job.
They were asked to choose a job that would be important for
themselves personally, to introduce themselves to the per-
son responsible for hiring, to tell why they would be the best
person for the job, and to give as much information about
themselves as possible in a 5 min speech. They were told

that a panel of psychologists would be watching the video
tape and scoring it for signs of anxiety, and were also told
that a voice frequency analysis would be done on the audio
soundtrack to detect signs of anxiety in their voices.

Participants were told that after their 5 min public speak-
ing task was completed, they would spend the remaining 5
min doing a series of serial subtraction tasks (each lasting 20
s) as quickly and accurately as possible in front of the video
camera. They were told that their performance on the sub-
traction task would be scored according to how far they
could subtract without making any errors. Following these
instructions, participants were allowed to ask questions to
ensure that they were clear about their tasks, then were left
alone for 10 min to prepare their 5 min speech. They were
given a pencil and paper to help them prepare their speech,
but were not allowed to use these notes for their speech. This
modified version of the TSST differed from the protocol
developed by Kirschbaum et al. (1993), in that participants
in this study were required to perform the public speaking
and mental arithmetic tasks in front of a video camera and
microphone rather than a panel of three live ‘experts’ who
were all strangers to the participants.

Upon completion of the preparation time (time 10 min),
the experimenter returned, asked the participant to stand in
front of the video camera so that he/she could be seen
clearly on the monitor, and then asked him/her to begin. If
the speaker finished before the 5 min was complete, a 10 s
pause was followed by a standardized response from the
experimenter, ‘You still have some time left. Please con-
tinue’. If subsequent pauses of 10 s or more occurred, parti-
cipants were given the standardized response, ‘You still
have some time left. Please think of some more to say
about yourself’. After 5 min (time 15 min), the participant
was asked to stop speaking and to start the series of serial
subtraction tasks. If an error was made, the experimenter
said ‘stop’, and the participant was required to begin that
task again from the starting number. Upon completion of the
serial subtraction task (time 20 min), each participant was
told that the stressful tasks were completed, and that they
could rest and complete the questionnaire at their own pace.
Before beginning the questionnaire, participants were asked
to rate (on separate 15 cm VASs) the amount of anxiety that
the public speaking and mental arithmetic tasks caused
them. Additional saliva samples were taken at time 30
min and time 50 min, while the PANAS measure of State
Negative Affect was completed at time 20 min and time 50
min.

The experimenter displayed a standardized pattern of
behavior for each participant. He was very friendly when
greeting each participant to minimize apprehension regard-
ing their participation in the experiment. However, between
the time that participants were left alone to prepare for their
speeches and the time that they completed the stress proto-
col, it was important for the experimenter to seem more
aloof in order to (1) minimize feedback to participants, (2)
create an atmosphere that the experimenter controlled the
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testing session, and (3) ensure that the participants felt that
failure on either of the tasks represented some threat to their
ego. Kirschbaum (personal communication, October 1,
1994) felt that these three ingredients are essential to produ-
cing reliable HPA activation from an experimental stress
protocol. Immediately upon completing the mental arith-
metic task, the experimenter once again became as friendly
as possible to facilitate the return to baseline levels of cor-
tisol secretion.

After the last saliva sample was taken (time 50 min) and
participants completed the questionnaire, they were
debriefed about the goals of the study and informed that
the video tape record of their tasks would not be scored
for anxiety nor would a voice frequency analysis be done.
Participants were assured that their taped performance
would be erased and not shown to anyone. Both the experi-
mental stress protocol and the questionnaire were approved
by the Review Board for Health Sciences Research Invol-
ving Human Subjects, and by the Department of Psychology
Ethics and Subject Pool Committee.

2.3. Psychometric measures

Participants were administered a battery of established
questionnaires and a measure of TMD symptoms used
by Schnurr (1988) and Schnurr et al. (1990), selected for
their relevance to both TMD and the HPA response to
stress.

2.3.1. Health Questionnaire

This questionnaire included items to assure that partici-
pants met previously mentioned criteria for inclusion in
the study and to ensure that participants followed their
instructions for avoiding eating, heavy exercise, smoking,
as well as brushing and flossing for 1 h before their appoint-
ment. Two questions were also included regarding oral con-
traceptive use, since there has been conflicting evidence that
this could possibly affect the cortisol response to stress (van
Poll et al., 1992; Kirschbaum et al., 1995). This variable
would be used as a covariate in the statistical analysis of
the cortisol response if a significant relationship was shown
to exist between oral contraceptive use and the cortisol
response.

2.3.2. Ratings of pain intensity and pain-related disability

These variables were measured on 15 cm VASs using
seven items from the Research Diagnostic Criteria for Tem-
poromandibular Disorders (RDC) edited by Dworkin and
Le Resche (1992). Separate scores ranging from 0 to 100
were calculated for pain intensity and pain-related disabil-

ity.

2.3.3. The Positive and Negative Affect Scale (PANAS)
This inventory, constructed by Watson et al. (1988), mea-

sures the trait dimensions, Positive Affect and Negative

Affect. Positive Affect refers to the extent that people feel

enthusiastic, alert, and active, while Negative Affect reflects
a variety of aversive mood states such as anger, fear,
guilt, and nervousness. The questionnaire was also used to
measure changes in current emotional state by asking parti-
cipants to report Negative Affect at time 0, 20, and 50
min.

2.3.4. The Symptom Checklist 90 — Revised (SCL-90R)

The anxiety, depression, and somatization scales from
the SCL-90R (De Rogatis, 1983) were included on the
questionnaire to measure negative affective dimensions
that are commonly associated with the pain experience.
Based on the previously mentioned Research Diagnostic
Criteria, five pain specific items were dropped from the
original Somatization Scale to more precisely measure
somatization that is not specifically related to a person’s
pain disorder.

2.3.5. The Temporomandibular Joint Pain and Dysfunction
Index (TMJPDI)

This 11 item inventory developed by Schnurr and collea-
gues (Schnurr, 1988; Schnurr et al., 1990) was included as a
brief self-report measure of TMD symptom severity and
chronicity experienced over the last 6 months. Possible
scores for pain severity range from O to 50.

2.3.6. The Multidimensional Health Locus of Control
Scales (MHLC)

These scales were developed by Wallston et al. (1978) to
measure the extent that people believe their health is deter-
mined by internal factors, powerful others, or by chance.
Three scales correspond to the three factors mentioned
above.

2.3.7. The Coping Strategies Questionnaire (CSQ)

Rosenstiel and Keefe (1983) designed this questionnaire
to assess cognitive and behavioral strategies used to cope
with chronic pain. TMD participants were asked to describe
how they cope with their ongoing pain, while control parti-
cipants were asked to relate the questions to typical pain
experiences. Six subscales assess cognitive strategies
including (1) Diverting Attention, (2) Reinterpreting Pain
Sensations, (3) Catastrophizing, (4) Ignoring Sensations, (5)
Praying or Hoping, and (6) Coping Self-Statements.
Another subscale assesses frequency of behavioral coping
strategies. In addition, respondents were asked to report
their perceived extent of control over their pain and
their ability to decrease their pain on two seven-point
rating scales. Factor analysis has generally produced three
distinct factors including (1) Cognitive Coping and Sup-
pression, (2) Helplessness, and (3) Diverting Attention
and Praying (Rosenstiel and Keefe, 1983; Lawson et
al., 1990). In addition to computing scores for the seven
cognitive and behavioral subscales, scores for these
three factors were also computed for each participant in
the study.
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2.4. Saliva sampling and biochemical analysis

Three saliva samples were obtained from each participant
at baseline (time 0 min), peak secretion (time 30 min), and
after 20 min of rest (time 50 min). The peak secretion time
had been previously determined by Kirschbaum et al.
(1993) and confirmed in a pilot trial of the experimental
stress protocol. For each sample, participants were given a
fresh piece of peppermint flavored Extra Sugarfree Gum
(Wrigley Canada, Toronto, Ontario, Canada) sweetened
with Aspartame. This brand of gum had been previously
tested by the laboratory doing the biochemical analysis
and was not found to affect results of cortisol assays. Parti-
cipants were asked to remove any lipstick with a tissue to
prevent contamination of the saliva sample, then were asked
to expectorate approximately 3—4 ml of saliva into a small
test tube that was pre-treated with sodium azide to prevent
bacterial growth. Samples were covered and allowed to
stand at room temperature for 24 h to allow mucins in the
saliva to settle. Samples were then stored at —20°C until
analysis. After thawing, all samples were assayed in dupli-
cate for cortisol by radioimmunoassay using a commercially
available Coat-a-Count kit (Diagnostic Products Corpora-
tion, 1993, Los Angeles, CA, USA). Cortisol data presented
in this study are the mean value of the duplicate cortisol
assays. All samples were processed in a single assay. Sen-
sitivity of the assay was 0.69 nmol, while the intra-assay
coefficients of variation were <5%.

2.5. Statistical analysis

The statistical analyses proposed for this study were
chosen specifically for each of the three major hypotheses
mentioned previously. An «-level of 0.05 was used in
all statistical tests. First, split-plot analysis of variance
(ANOVA) was used to detect any differences between
TMD and control groups in cortisol responses to experimen-
tal stress over the three repeated salivary cortisol measures.
Degrees of freedom were adjusted where appropriate using
the Huynh-Feldt approach to correct for violation of the
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Conrtisol (nmol/L)

0+ + + + —t

0 10 20 30 40 50

Time {min)

Fig. 1. Salivary cortisol repeated measures * SE at O min (baseline), 30
min (peak), and 50 min (at rest) for TMD and the Control groups.

Table 1

Contrasts of cell means for salivary cortisol split-plot analysis of variance
(two groups)

0 min 30 min 50 min
TMD group (n = 36) 6.41%® 11.96* 10.28"¢
Control group (n = 39) 5.89 7.63° 6.39°

Superscripts indicate paired contrasts which are significant.
*p < 0.005.
dp < 0.05.

sphericity assumption. A priori t-tests (one-tailed) were
used to contrast salivary cortisol means, using a Bonferroni
correction to control Type I error rates for individual con-
trasts.

To minimize Type I error while testing the second
hypothesis, multivariate analysis of variance (MANOVA)
was used to test whether the TMD and control groups dif-
fered on any of the psychological measures used in the study
(Tabachnick and Fidell, 1989). One-way ANOVA was used
to further analyze variables found to vary significantly
between groups on the MANOVA, using a Bonferroni
adjustment where indicated. For the third hypothesis, gen-
eralized multiple regression was used to assess the extent
that the CSQ and MHLC scales were related to peak cortisol
levels. All of the above statistical analyses were carried out
using the SPSS/PC+ statistical package (Norusis and SPSS
Inc., 1992).

3. Results
3.1. Cortisol response to stress

Baseline salivary cortisol levels were about 6 nmol/] for
both the TMD and control groups before administering the
experimental stress. The TMD group showed greatly
increased salivary cortisol concentrations to almost 12
nmol/l in response to the stress protocol, with levels remain-
ing high even after 50 min (see Fig. 1). In contrast, the
control group showed a small but insignificant cortisol
response to the stress protocol.

There was a statistically significant main effect between
groups, F( 73 =8.67, P < 0.01, and a significant main
effect of salivary cortisol over time, Fp ;) = 11.22, P <
0.01. More importantly, there was a significant group by
time interaction, Fp ;= 7.50, P < 0.05. As shown in
Table 1, there were no significant differences between the
TMD and control cortisol levels at baseline, but values were
significantly higher in the TMD group at both 30 and 50
min.

A pilot study of the experimental stress protocol had
shown a tendency for some individuals to have elevated
cortisol levels across the entire experiment, while other peo-
ple appeared to have consistently low cortisol values. As a
result of this observation, we examined the frequency dis-
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Fig. 2. Frequency distribution for average cortisol levels ((0 + 30 + 50
min)/3), showing a relatively normal distribution for the Control group
(n = 39) and a relatively bimodal distribution for the TMD group (n = 36).

tribution of mean cortisol levels ((baseline + 30 + 50 min
cortisol values)/3) in the final experiment. The distribution
shows one subset of the TMD patients with a distribution of
mean cortisol levels similar to that of the control group, and
another subset of patients with much higher average cortisol
values (see Fig. 2). As well, we noted that there were sizable
SDs in cortisol values within the TMD group at both 30 min
(SD 8.55) and 50 min (SD 10.18). Consequently, the TMD
sample was divided into high and low average cortisol
groups by a median split (median 7.68 nmol/1). The previous
split-plot analysis was then repeated for the following three
groups: (1) the control group, (2) the high salivary cortisol
TMD group (Hi-SC TMD), and (3) the low salivary cortisol
TMD group (Lo-SC TMD).

Examination of the results of this ANOVA showed that
the main effect between the three groups, F;7, = 30.71,
P < 0.01, the main effect of cortisol levels over time,
F = 13.09, P < 0.01, and the group by time interaction
effect, Fi4 12 = 6.51, P < 0.01, were all significant. The
baseline cortisol differences were not statistically signifi-
cant, as shown in Table 2. Mean cortisol levels in the Hi-
SC group rose significantly from the baseline level of 8.06
nmol/l in response to the stress protocol, peaking at 18.30
nmol/] after 30 min, then dropping to 15.82 nmol/] after 50
min (see Fig. 3). Both the peak response and the response at
50 min in the Hi-SC group were significantly greater than
the corresponding values in the other groups.

Table 2

Contrasts of cell means for salivary cortisol split-plot analysis of variance
(three groups)

0 min 30 min 50 min
Lo-SC TMD group (n = 18) 4776 5.62° 4.74°
Hi-SC TMD group (n = 18) 8.06° 18.30%¢de  |5.g2befe
Control group (n = 39) 5.89 7.63° 6.39'

Superscripts indicate paired contrasts which are significant.
“Ip < 0.005.
&P < 0.01.

—X—L0o-SC TMD
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'—0— Control Group

- = -7
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Time (min)

Fig. 3. Salivary cortisol repeated measures + SE at 0 min (baseline), 30
min (peak), and 50 min (at rest) for Hi-SC TMD, Lo-SC TMD and the
Control groups.

Like the control group, the Lo-SC TMD group showed a
small but insignificant rise in peak cortisol in response to the
stress protocol. Although it would appear from Fig. 3 that
salivary cortisol levels in the Lo-SC TMD group were uni-
formly lower than those of the control group at 0, 30, and 50
min, Table 2 shows that these differences were not statisti-
cally significant. The results suggest that nearly all of the
effect in the TMD sample in the first split-plot analysis
could be attributable to the Hi-SC TMD group.

Examination of data from the Health Questionnaire
revealed that there were eight oral contraceptive (OC)
users in the TMD group and 15 OC users in the control
group. In order to assess whether the insignificant cortisol
response to the stress protocol in the control group could
have been due to the larger number of OC users, a separate
ANOVA procedure comparing cortisol levels over time
between OC users (n = 15) and non-OC users (n = 24) in
the control group was performed, showing a significant
effect of OC use on mean cortisol levels, F; 37 = 4.15,
P =0.045. OC users in the control group had lower cortisol
responses to stress at baseline (mean 4.92 vs. mean 6.50), 30
min (mean 5.95 vs. mean 8.69) and 50 min (mean 5.57 vs.
mean 6.90) than non-OC users. Only the difference at 30
min was significant (1 = 1.70, P < 0.05). Thus, there is
some evidence that OC use may have decreased the overall
peak cortisol response in the control group. There was no
evidence of a similar effect in the TMD group, F, 34y = 0.12,
P = 0.731, but the number of OC users was small. An ana-
lysis of covariance (ANCOVA), repeating the three-group
split-plot cortisol analysis with OC use entered as a covari-
ate, showed no significant effect of OC use on cortisol
response for the experiment as a whole (= 0425,
P =0.672).

Despite attempts to match the TMD and control groups
according to age, the mean age of the control TMD group
(mean 31.86) was still almost 10 years older than the control
group (mean 22.28), F(; 73, = 20.56, P < 0.0001. Within the
TMD sample, there was no significant difference (1 = 1.603,
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Table 3

Contrasts of cell means for State Negative Affect (SNA) by groups (2)
split-plot analysis

Table 4

Mean scores and significant contrasts for psychological variables

Measure (maximum score) Control TMD Hi-SC Lo-SC

0 min 20 min 50 min TMD TMD
TMD group (n = 36) 42.500° 49.250%" 41.472° Stress today (15) 569 428 446 410
Control group (n = 39) 442114 48.737°¢ 39.500% Speaking stress (15) 1040 933 844 10.22
Arithmetic stress (15) 10.80 11.24 11.21 11.26
Superscripts indicate paired contrasts which are significant. CSQ scales
P < 0.005. Diverting attention (36) 1041 13.64 1428 13.00
Reinterpreting pain sensations (36) 6.34  6.89 8.94 4.83
P > 0.05) between the mean age of the high cortisol secre- Catastrophizing (36) 969 1064 906 12.22
X X e e
tors (mean 34.2) and that of the low secretors (mean 29.4). Lgr‘;;f:;go‘ia}‘g;;‘;?gg‘s 0 ig‘}?ﬂ :gh?g lgng :;_'(2)?)“-“
When a cortisol by three-group ANCOVA was dore using Coping self-statements (36) 19.60 2239 2172 23.06
age as the covariate, there was no significant effect of age on Behavioral coping strategies (36) 13.48 1654 1683  16.24
the cortisol response (f = 0.286, P = 0.776). Thus, the data Anxiety (SCL-90R) (40) 823 958 972 94
do not provide evidence that age had any direct effect on ]SDEP“”SS“’“ (522_909}}))12(522)8 1546 1694 1583  18.06
. . . . . omatization (SCL- ) (28) 3.95 597 422 7.72
group differences in cortisol response in this study. MHLC scales
) ‘ ILC (36) 26.74°9 23.50° 23.94  23.00°
3.2. Psychological variables PLC (36) 1500 16.29 14.50 18.31
CLC (36) 16.10 16.56 16.33 16.81
No significant differences on VAS reports were found Negative affect (PANAS) (50) 2164 21.08 21.33  20.83
Positive affect (PANAS) (50) 2995 3039 31.28 29.50

between TMD and control groups for the amount of stress
which participants had experienced before arriving for the
experiment. There were also no group differences in the
degree of stress reported while performing either the public
speaking and mental arithmetic tasks. A similar result was
obtained after the TMD group was divided into Lo-SC and
Hi-SC TMD groups.

Changes in state Negative Affect on the PANAS scale
across the experiment were also examined using split-plot
ANOVA. The analysis showed a significant effect of Nega-
tive Affect over time, Fi5 37 = 51.13, P < 0.01, but no sig-
nificant effect of Negative Affect between groups F; 73, =
0.02, P > 0.05 and no significant Negative Affect by group
interaction Fi;137, = 2.53, P > 0.05. A priori contrasts of
specific cell means indicated that the experimental stress
protocol resulted in significantly increased State Negative
Affect in both groups after 20 min, returning to baseline or
lower levels after 50 min (see Table 3). No significant dif-
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TMJPDI Pain Disability

(50) Intensity Score
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Fig. 4. Means * SE for variables related to pain experience for both TMD
and the Control groups. All differences significant at P < 0.005. Maxi-
mum values are indicated in parentheses.

Superscripts indicate paired contrasts which are significant after Bonfer-
roni cotrection.

*hp < 0.0l

“dp < 0.005.

ferences in State Negative Affect between groups were
found after the TMD group was divided into low and high
cortisol secretors, F(2_71) =0.18, P > 0.05.

As expected, mean scores were significantly higher for
the TMD group than the control participants on the TMJPDI
and for measures of pain intensity and pain disability
(P < 0.005) (see Fig. 4). The TMD patients also had, as
anticipated, higher median Pain Chronicity scores (median
5.0) than the control participants (median 0.0), as measured
on an ordinal scale ranging from zero to seven (x* =
28.8005, P = 0.0000). A score of five on this scale corre-
sponded to pain duration of 1-2 years, while a score of zero
corresponded to no current experience of pain. The only
difference observed between the Lo-SC TMD and Hi-SC
TMD groups on these variables (keeping in mind an -
level of 0.01 after the Bonferroni adjustment), was a near
significant trend (P = 0.04) for the Lo-SC TMD group to
report more pain disability (mean 37.09) than the Hi-SC
TMD group (mean 25.94).

A significantly higher Internal Locus of Control (ILC)
score was found in the control group (mean 26.74) com-
pared to the TMD group (mean 23.50), F(q,= 9.38,
P < 0.005. After dividing the TMD patients into Hi-SC
and Lo-SC groups, the control group ILC scores remained
significantly higher than the Lo-SC TMD group (mean
23.00), t40 =2.78, P < 0.01, but not the Hi-SC group
(mean 23.94), 7, = 2.17, P > 0.01. There was no signifi-
cant difference between the Hi-SC and Lo-SC group means
on the ILC subscale.

In contrast, no significant group differences were found
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when scores for the seven CSQ coping scales or the three
CSQ coping factors were compared. However, when the
TMD group was divided into Hi-SC and Lo-SC groups,
the Lo-SC TMD group reported using the Praying or Hop-
ing strategy significantly more (mean 17.00) than both the
Hi-SC TMD (mean 9.39), #4, = 2.91, P < 0.01 or control
group (mean 10.11), ¢+, = 3.08, P < 0.01.

No significant group differences between the TMD and
control groupg were found on scales measuring trait Nega-
tive Affect, Positive Affect, or SCL-90R Depression, Anxi-
ety, and modified Somatization scales. A similar lack of
significance was observed after dividing the TMD group
into Hi-SC and Lo-SC groups. See Table 4 for a summary
of group means and significant contrasts for the psycholo-
gical variables.

3.3. Relationships between cortisol and psychological
variables

Four different multiple regression analyses were per-
formed for both the TMD and control groups to test whether
peak cortisol levels measured at 30 min could be predicted
from scores on the seven CSQ scales, the three CSQ factor
scores, the three MHLC scales, the amount of stress
reported today, or the public speaking or mental arithmetic
tasks. No significant prediction of cortisol response to stress
by either CSQ scales or factor scores was detected for either
the TMD group or control group, even after the TMD group
was split into Hi-SC and Lo-SC TMD groups. Similarly, no
significant prediction of cortisol response in either group
was detected from the MHLC scales. Contrary to what
was expected, there was also no significant prediction of
peak cortisol response in either group from the amount of
stress reported for the day of testing or from self-reported
anxiety arising from the public speaking and mental arith-
metic tasks. This result was unexpected, since the physio-
logical response to the stressful tasks was expected to be
highly related to the anxiety that was subjectively reported
from the tasks.

After viewing the descriptive statistics for cortisol
response in this experiment, which suggested that the
TMD group was not homogeneous, and after observing
that the cortisol response in the Lo-SC TMD group was
indistinguishable from that in the control group, an analysis
was conducted to test differential hypotheses based on the
work of Hubert and de Jong-Meyer (1992) and van Eck and
Nicolson (1994). The latter study, which demonstrated a
low, positive correlation between trait anxiety and cortisol
levels in a community sample during a normal work week,
led us to predict that peak cortisol levels in our control
sample would show a similar relationship with the SCL-
90R Anxiety and Depression scale scores. In contrast,
Hubert and de Jong-Meyer noted lower than expected cor-
tisol responses in more highly anxious subjects, suggesting
that cortisol secretion may be attenuated in people whose
anxiety states are more chronic. This led us to hypothesize

that we would find a negative relationship between peak
cortisol levels and Anxiety and Depression scale scores in
our low cortisol secreting TMD patients.

As predicted, our control group showed a weak, but posi-
tive, one-tailed relationship (r = 0.28, P = 0.04) between
peak cortisol and Anxiety, and also a positive but non-sig-
nificant one-tailed correlation between peak cortisol and
Depression (r = 0.15, P = 0.176). Our Lo-SC TMD group
showed the expected negative relationship between peak
cortisol and both Anxiety (r = —0.41, P = 0.04) and Depres-
sion (r = —0.45, P = 0.03). The Hi-SC TMD group showed
virtually no relationship between peak cortisol and either
Anxiety or Depression.

The differences between these correlations in the control
and Lo-SC TMD groups were significant for both Anxiety
(z = 2.35, P = 0.018) and Depression (z = 2.07, P = 0.036).
Thus, although ANOVA analyses failed to show any sig-
nificant differences between the three group means on Anxi-
ety or Depression, and revealed no significant difference in
cortisol response between the control and Lo-SC TMD
groups, our data support the predictions of van Eck and
Nicolson and of Hubert and de Jong-Meyer. These results
suggest that there may be important differences between the
control and Lo-SC TMD groups in the relationship that
exists between emotional state and the endogenous cortisol
response to psychological stress.

4. Discussion
4.1. The cortisol response to stress

The data from this study suggest that there may be two
subgroups among the TMD patients. The Hi-SC TMD group
hypersecreted cortisol in response to stress, yet the results
showed that these patients are psychologically indistin-
guishable from the normal controls. Hypercortisolism in
the Hi-SC TMD group could possibly reflect a biological
dysfunction which creates a predisposition for disorders
such as TMD. Alternatively, physical and psychological
factors associated with TMD could lead to increased corti-
sol response to stress in some patients.

Finding a subgroup of TMD patients demonstrating a low
cortisol response was unexpected. The cortisol response in
this group appears, at first glance, to be similar to that of the
control participants. However, our discussion will suggest
that the low cortisol response in the Lo-SC TMD group, and
its close inverse relationship with self-reported anxiety and
depression, could indicate that the links between biological
and psychological factors are different for these patients.

As noted previously, the control group did not show a
significant change in cortisol levels following the stress
protocol. The modified version of the TSST used in this
study may not have been stressful enough to induce a sig-
nificant cortisol response in a normal population. In con-
trast, the Hi-SC TMD group may have been so susceptible
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to stressful stimuli that even a moderate stressor was suffi-
cient to induce significant cortisol secretion. The lack of a
significant stress response in the control group leaves some
uncertainty as to whether the Lo-SC TMD group hypose-
creted cortisol or simply responded in a manner sirnilar to
the control participants. However, the literature indicates
that hyposecretion of cortisol can occur in other pain dis-
orders which are, in many aspects, similar to TMD.

Recent studies have shown that individuals suffering
from fibromyalgia show much lower than expected levels
of cortisol in response to physical and biochemical chal-
lenge (Griep et al., 1993; Crofford et al., 1994). Griep and
coworkers, using physical exercise to increase cortisol
secretion, showed an exaggerated pituitary ACTH response
from fibromyalgia patients but no significant difference in
cortisol response between them and a control group. Crof-
ford and coworkers also noted a decreased cortisol response
to CRH challenge in fibromyalgia patients, despite a normal
ACTH response.

There may be similarities between the neuroendocrine
factors responsible for low cortisol secretion in our Lo-SC
TMD group and fibromyalgia patients. Griep et al. hypothe-
sized a number of possible mechanisms for cortisol hypo-
secretion in fibromyalgia, including abnormalities involving
serotonin, growth hormone, endogenous opiates, GC feed-
back action and adrenocortical function. If the Lo-SC TMD
group was demonstrating upregulation Crofford and cow-
orkers suggested that their results indicate adrenal hypore-
sponsiveness in fibromyalgia patients. Other factors with
demonstrated links to glucocorticoid response include
long-term treatment with tricyclic antidepressants (Przega-
linski and Budziszewska, 1993; Reul et al., 1993) and the
action of estrogens (Desjardins et al., 1990; Ferrini and De
Nicola, 1991). The latter relationship is particularly inter-
esting given a report showing that women receiving post-
menopausal hormone replacement therapy in the form of
estrogens, were 77% more likely to have sought treatment
for TMD than women not receiving hormone replacements
(Le Resche et al., 1994).

Consequently, it may not be paradoxical to find both
increases and decreases in cortisol levels in pain patients.
Failure to maintain a homeostatic balance of cortisol levels
could result from a number of mechanisms. Hypercortiso-
lism has been shown to result from downregulation of glu-
cocorticoid (GC) receptors at regulatory sites (Sapolsky and
Plotsky, 1990; Arai and Chrousos, 1994), while decreased
cortisol secretion can be associated with upregulation of GC
receptors (Reul et al, 1993). Homeostatic regulation is
further complicated by the close relationship between corti-
sol and the endorphins, since a number of researchers have
demonstrated that cortisol and 3-endorphin are responsive
to feedback regulation by the other (Bacigalupo et al., 1990;
Martin-del-Campo et al., 1992; McCubbin et al., 1993).
Consequently, it may be that failure of cortisol feedback
regulation could result from downregulation or upregulation
of either GC or opioid receptors. This is especially relevant

to chronic pain disorders, since Gescuk et al. (1995) demon-
strated that chronic exposure to pain can lead to opioid
receptor downregulation and tolerance to opioids.

4.2. Psychological variables

As hypothesized, the total TMD group reported feeling
less Internal Locus of Control over their health compared to
the control group. No significant mean differences between
the TMD and control groups were found in the use of cog-
nitive coping strategies as measured by the CSQ, or on any
other of the psychological variables measured in the study.
Only after the TMD group was split into the Hi-SC and Lo-
SC groups, was it found that the Lo-SC group reported a
significantly higher mean score on the CSQ’s Praying and
Hoping scale.

The MANOVA analyses served not only to examine dif-
ferences in coping strategies and locus of control between
the control and TMD groups, but also served as a validity
check to ensure that the two groups were sufficiently differ-
ent where expected and sufficiently alike where appropriate.
As was anticipated from a group suffering from chronic
pain, the TMD group had markedly higher scores for
TMD symptom reporting, pain intensity, pain chronicity,
and disability related to their pain.

There was no difference in the amount of stress experi-
enced by members of the TMD and control groups before
arriving at the experiment. Interestingly, there were also no
significant group differences in the amount of anxiety
related to the public speaking and mental arithmetic tasks.
As well, both groups showed similar increases in State
Negative Affect on the PANAS scale in response to the
stressors after 20 min. Thus, the self-reported psychological
data seem to suggest few differences between the entire
TMD group and the control participants, in contrast to the
striking biochemical differences.

The data from this study lend support to previous findings
showing that the relationship between psychological factors
and cortisol response can vary in different populations, and
that there are large interindividual variations in cortisol
response within apparently homogeneous groups. Cacioppo
et al. (1995) observed physiological responses to stressors in
a group of 22 older women, finding no significant group
cortisol response to math and speech stressors, much like
our control and Lo-SC TMD groups. However, they demon-
strated that individual variations in cortisol response within
the group were significantly related to cardiac sympathetic
activation in these women. Within our control group, we
predicted the weak positive relationship between anxiety
scale scores and cortisol levels from the van Eck and Nicol-
son (1994) observation that mild or intermittent stress will
have a tendency to increase cortisol secretion slightly in a
normal population.

Within our Lo-SC TMD group, however, the data showed
a significant negative correlation between peak cortisol and
anxiety. These findings are in agreement with the relation-
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ship between cortisol levels and anxiety observed in people
suffering from Post Traumatic Stress Disorder and disorders
such as recurrent abdominal pain in children, which are
often labeled pejoratively as ‘stress induced diseases’ (de
la Torre, 1994). Hubert and de Jong-Meyer (1992) theorized
that in populations where anxiety is severe and prolonged,
chronic downregulation of GC receptors may eventually
result in an inability of the adrenal gland to respond adap-
tively with an adequate cortisol response to acute stressors.

As mentioned previously, the Lo-SC TMD patients
appear to be rather interesting from a psychological per-
spective. In addition to showing a negative relationship
between peak cortisol levels and their anxiety and depres-
sion scores, the Lo-SC TMD group reported using the Pray-
ing and Hoping coping strategy more than the Hi-SC TMD
or control groups, a coping strategy often considered to be
maladaptive. They also showed a trend to report more dis-
ability from their pain than did the Hi-SC TMD group.

The response pattern of the Lo-SC TMD group suggests
three possible interpretations. First, the stress created by
their disorder could have led to biological changes which
diminished their ability to mount an adaptive cortisol
response to chronic psychological stressors. Alternatively,
perhaps earlier psychological stressors in their lives led to
biological changes which placed them at greater risk for
developing TMD or certain other disorders including fibro-
myalgia, Irritable Bowel Syndrome, ulcerative colitis, or
recurrent abdominal pain. If so, our Hi-SC TMD group’s
pattern of cortisol hypersecretion could eventually lead to
adrenal insufficiency and a pattern of low cortisol secretion
resembling that of the Lo-SC TMD group. Finally, low
secreting TMD patients may now respond to psychological
challenge in a manner similar to that shown by the control
participants but, over time, may become cortisol hyperse-
cretors like patients in the Hi-SC TMD group.

4.3. Overview

This study has shown, initially, that a group of people
seeking treatment for relief of TMD pain responded to an
experimental stress protocol with higher levels of cortisol
than a control group. The TMD group was composed of at
least two subgroups that may react to stress with strikingly
different response patterns. We suggest that downregulation
of the GC or endogenous opiate feedback systems could be
the basis of a biological tendency to hypersecrete cortisol in
the Hi-SC TMD group. No relationship was found between
psychological factors and hypersecretion of cortisol in the
Hi-SC TMD group.

The cortisol response in the Lo-SC TMD group is similar
to that seen in individuals suffering from disorders that
have been linked to stress. Lower cortisol responses in
this group could reflect the action of chronic psychological
distress, possibly affecting upregulation of GC or opiate
receptors or affecting the ability of the adrenal cortex to
sustain continued cortisol secretion. We are not able to con-

clude from our results whether chronic psychological dis-
tress is a predisposing factor for their pain disorder or
whether this group may respond to having TMD with a
lower cortisol response.

There were age differences between the TMD and control
groups despite efforts to minimize that discrepancy. How-
ever, previous research suggests that this is not the cause of
the higher peak cortisol response in the TMD patients. Boh-
nen et al. (1990), studying cortisol reactivity to mental tasks,
found no significant age effect on salivary cortisol levels.
Brindstadter et al. (1991) observed no increase with age in
unstimulated morning salivary cortisol levels in more than
700 adults, aged 35-65 years. Pollard et al. (1992) found no
significant correlation between age and cortisol levels dur-
ing daily activities in a community sample. Analysis of data
from the present study also showed no significant direct
effect of age on the differences in cortisol response between
the two groups. Thus, if age had any systematic effects on
cortisol response in this experiment, they would be indirect
effects due to other age-related intervening variables such as
differences in parity, menstrual status, or OC use between
the two groups.

ANOVA results suggest that OC use in the control group
may have attenuated their cortisol response, thus agreeing
with preliminary evidence from Kirschbaum et al. (1995).
This may have contributed to our inability to distinguish
whether the cortisol response in the Lo-SC TMD group
differed from that of the control group, and may also have
widened differences between the Hi-SC TMD and control
groups.

Another variable that could have been age related, or may
have varied systematically within the two groups, is a dif-
ference in medication usage. For instance, while our experi-
ment screened potential participants to exclude persons
being treated for major depression, we did not restrict use
of tricyclic antidepressants or any other medications besides
those used as exclusionary criteria for the study. TMD par-
ticipants could have been receiving more medications than
the control group. Since prolonged use of antidepressants
could potentially decrease cortisol activity, lack of docu-
mentation of medication usage is a limitation of our study
that should be addressed in future research.

A number of other directions for further research are also
suggested. It would be informative to measure plasma levels
of B-endorphin as well as cortisol, as done by Hampf et al.
(1989). This would help to differentiate between dysregula-
tion of the GC and opiate feedback systems as possible
factors in this chronic pain population. It would also be
helpful to measure ACTH production in response to stress
(Griep et al., 1993), to aid in determining where dysregula-
tion may be occurring in the HPA response. It would, as
well, be useful to include other chronic pain populations in
future research to examine their biological and psychologi-
cal responses to stress. Finally, further research should be
conducted to determine in what ways the low cortisol
response to stress observed in a subset of TMD patients
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differs from the cortisol response in normal control popula-
tions, and whether the response patterns seen in either
patient group are stable or, alternatively, are significantly
altered over time.

Acknowledgements

This paper was based on a Master’s Thesis submitted by
the first author, and was supported by an award from the
Endowment for Dental Research, University of Western
Ontario Faculty of Dentistry, and, in part, by a grant from
the Natural Sciences and Engineering Research Council of
Canada to Gary B. Rollman. Salivary cortisol assays were
conducted by the University of Western Ontario Radioim-
munoassay Laboratory, under the guidance of Dr. E. Hamp-
son. We thank her for her helpful advice throughout the
study. We also would like to thank David Craig for his
contributions.

References

Arai, K. and Chrousos, G.P., Glucocorticoid resistance, Bailliere’s Clin.
Endocrinol. Metab., 8 (1994) 317-331.

Bacigalupo, G., Riese, S., Rosendahl, H. and Saling, E., Quantitative rela-
tionships between pain intensities during labor and 3-endorphin and
cortisol concentrations in plasma. Decline of the hormone concentra-
tions in the early postpartum period, J. Perinat. Med., 18 (1990) 289—
296.

Bohnen, N., Houx, P., Nicolson, N. and Jolles, J., Cortisol reactivity and
cognitive performance in a continuous mental task paradigm, Biol. Psy-
chol., 31 (1990) 107-116.

Brindstadter, J., Baltes-Gétz, B., Kirschbaum, C. and Hellhammer, D,
Developmental and personality correlates of adrenocortical activity as
indexed by salivary cortisol: observations in the age range of 35 to 65
years, J. Psychosom. Res., 35 (1991) 173-185.

Cacioppo. J.T., Malarkey, W.B., Kiecolt-Glaser, J.K., Uchino, B.N., Sgou-
tas-Emch, S.A., Sheridan, J.F., Berntson, G.G. and Glaser, R., Hetero-
geneity in neuroendocrine and immune responses to brief psychological
stressors as a function of autonomic cardiac activation, Psychosom.
Med., 57 (1995) 154-164.

Clark, G.T., Etiologic theory and the prevention of temporomandibular
disorders, Adv. Dent. Res., 5 (1991) 60-66.

Crofford, L.J., Pillemer, S.R., Kalogeras, K.T., Cash, J.M., Michelson, D.,
Kling, M.A., Sternberg, E.M., Gold, P.W., Chrousos, G.P. and Wilder,
R.L., Hypothalamic-pituitary-adrenal axis perturbations in patients with
fibromyalgia, Arthritis Rheum., 37 (1994) 1583-1592.

de la Torre, B., Psychoendocrinologic mechanisms of life stress, Stress
Med., 10 (1994) 107-114.

De Rogatis, L.R., SCL-90-R: Administration, Scoring, and Procedures
Manual - II, for the Revised Version, Pain Resource Center, Durham,
1983.

Desjardins, G.C., Beaudet. A. and Brawer, J.R., Alterations in opioid
parameters in the hypothalamus of rats with estradiol-induced polycystic
ovarian disease, Endocrinology, 127 (1990) 2969-2976.

Diagnostic Products Corporation, COAT-A-COUNT Cortisol (Manual and
Saliva Supplement), Author, Los Angeles, CA, 1993.

Dworkin, S.F. and Le Resche, L., Research diagnostic criteria for tempor-
omandibular disorders: review, criteria, examinations and specifications,
critique, J. Craniomandib. Disord., 6 (1992) 301-355.

Evaskus, D.S. and Laskin, D.M., A biochemical measure of stress in

patients with myofascial pain-dysfunction syndrome, J. Dent. Res., 51
(1972) 1464-1466.

Ferrini, M. and De Nicola, A.F., Estrogens upregulate type 1 and type II
glucocorticoid receptors in brain regions from ovariectomized rats, Life
Sci., 48 (1991) 2593-2601.

Frankenhaeuser, M., A psychobiological framework for research on human
stress and coping. In: M.H. Appley and R. Trumbull (Eds.), Dynamics
of Stress, Plenum Press, New York, 1986, pp. 101-116.

Geissler, P.R., An investigation of the stress factor in the mandibular
dysfunction syndrome, J. Dent., 13 (1985) 283-287.

Gescuk, B.D., Lang, S. and Kornetsky, C., Chronic escapable footshock
causes a reduced response to morphine in rats as assessed by local
cerebral metabolic rate, Brain Res., 701 (1995) 279-287.

Griep, E.N., Boersma, JW. and de-Kloet, E.R., Altered reactivity of the
hypothalamic-pituitary-adrenal axis in the primary fibromyalgia syn-
drome, J. Rheumatol., 20 (1993) 469-474.

Grzesiak, R.C., Psychologic considerations in temporomandibular dys-
function. A biopsychosocial view of symptom formation, Dent. Clin.
North. Am., 35 (1991) 209-226.

Hampf, G., Ekholm, A. and Salo, T., Sensibility threshold, mental health,
and endocrine markers in patients with chronic orofacial pain, Int. J.
Psychosom., 36 (1989) 37-40.

Henry, J.P., Psychological and physiological responses to stress: the right
hemisphere and the hypothalamo-pituitary-adrenal axis: an inquiry into
problems of human bonding, Integr. Physiol. Behav. Sci., 28 (1993)
369-387.

Henry, J.P., Haviland, M.G., Cummings, M.A., Anderson, D.L. et al,,
Shared neuroendocrine patterns of post-traumatic stress disorder and
alexithymia, Psychosom. Med., 54 (1992) 407-415.

Hubert, W. and de Jong-Meyer, R., Saliva cortisol responses to unpleasant
film stimuli differ between high and low trait anxious subjects, Neurop-
sychobiology, 25 (1992) 115-120.

Kirschbaum, C. and Hellhammer, D.H., Salivary cortisol in psychobiolo-
gical research: a overview, Neuropsychobiology, 22 (1989) 150-169.

Kirschbaum, C. and Hellhammer, D.H., Salivary cortisol in psychoneur-
oendocrine research: recent developments and applications, Psychoneur-
oendocrinology, 19 (1994) 313-333.

Kirschbaum, C., Pirke, K.M. and Hellhammer, D.H., The ‘Trier Social
Stress Test’: a tool for investigating psychobiological stress responses
in a laboratory setting. International symposium: psychobiology: psy-
chophysiological and psychohumoral processes combined (1992, Gies-
sen, Germany), Neuropsychobiology, 28 (1993) 76-81.

Kirschbaum, C., Pirke, K. and Hellhammer, D.H., Preliminary evidence
for reduced cortisol responsivity to psychological stress in women using
oral contraceptive medication, Psychoneuroendocrinology, 20 (1995)
509-514.

Lawson, K.C., Reesor, K.A., Keefe, F.J. and Turner, J.A., Dimensions of
pain-related cognitive coping: cross-validation of the factor structure of
the coping strategy questionnaire, Pain, 43 (1990) 195-204.

Le Resche, L., Dworkin, S.F., Saunders, K., Von Korft, M. and Barlow,
W., Is postmenopausal hormone use a risk factor for TMD?, J. Dent.
Res., 73 (1994) 186 (Abstract 675).

Marbach, J.J. and Lipton, J.A., Biopsychosocial factors of the temporo-
mandibular pain dysfunction syndrome, Dent. Clin. North. Am., 31
(1987) 473-486.

Marbach, J.J., Schleifer, S.J. and Keller, S.E., Facial pain, distress, and
immune function, Brain, Behav. Immunol., 4 (1990) 243-254.

Martin-del-Campo, A.F., McMurray, R.G., Besser, G.M. and Grossman,
A., Effect of 12-h infusion of naloxone on mood and cognition in
normal male volunteers, Biol. Psychiatry, 32 (1992) 244-353.

McCubbin, J.A., Kaplan, J.R.. Manuck, S.B. and Adams, M.R., Opioid-
ergic inhibition of circulatory and endocrine stress responses in cyno-
molgus monkeys: a preliminary study, Psychosom. Med.. 55 (1993)
23-28.

Norusis, M.J. and SPSS Inc., SPSS/PC +, Version 5.0 edn., SPSS Inc.,
Chicago, 1992.

Pollard, T., Ungpakorn, G. and Harrison, G.A., Some determinants of



182 D.A. Jones et al. / Pain 72 (1997) 171-182

population variation in cortisol levels in a British urban community, J.
Biosoc. Sci., 24 (1992) 477-485.

Przegalinski, E. and Budziszewska, B., The effect of long-term treat-
ment with antidepressant drugs on the hippocampal mineralocorticoid
and glucocorticoid receptors in rats, Neurosci. Lett., 161 (1993) 215~
218.

Reul, J M., Stec, 1., Séder, M. and Holsboer, F., Chronic treatment of rats
with the antidepressant amitriptyline attenuates the activity of the
hypothalamic-pituitary-adrenocortical  system, Endocrinology, 133
(1993) 312-320.

Rosenstiel, A.K. and Keefe, F.J., The use of coping strategies in chronic
low back pain patients: relationship to patient characteristics and current
adjustment, Pain, 17 (1983) 33-44.

Rudy, T.E., Turk, D.C., Kubinski, J.A. and Hussein, S.Z., Differential
treatment responses of TMD patients as a function of psychological
characteristics, Pain, 61 (1995) 103-112.

Rudy, T.E., Turk, D.C., Zaki, H.S. and Curtin, H.D., An empirical taxo-
metric alternative to traditional classification of temporomandibular dis-
orders, Pain, 36 (1989) 311-320.

Sapolsky, R.M. and Plotsky, P.M., Hypercortisolism and its possible
neural bases, Biol. Psychiatry, 27 (1990) 937-952.

Schnurr, R.F., Psychological factors in the development, maintenance, and
treatment outcome of temporomandibular joint pain and dysfunction.
Master’s Thesis, University of Western Ontario, London, Ontario,
Canada, 1988.

Schnurr, R.F., Brooke, R.1. and Rollman, G.B., Psychosocial correlates of

temporomandibular joint pain and dysfunction, Pain, 42 (1990) 153-
165.

Schwartz, G.E., Psychobiology of health: a new synthesis. In: B.L. Ham-
monds and C.J. Scheirer (Eds.), Psychology and Health: The Master
Lecture Series, Vol. 3, American Psychological Association, Washing-
ton, 1984, pp. 149-193.

Tabachnick, B.G. and Fidell, L.S., Using Multivariate Statistics, 2nd edn.,
Harper Collins, New York, 1989.

Vamvakopoulos, N.C. and Chrousos, G.P., Evidence of direct estrogenic
regulation of human corticotropin-releasing hormone gene expression.
Potential implications for the sexual dimophism of the stress response
and immune/inflammatory reaction, J. Clin. Invest., 92 (1993) 1896—
1902.

van Eck, M.M. and Nicolson, N.A., Perceived stress and salivary cortisol
in daily life, Ann. Behav. Med., 16 (1994) 221-227.

van Poll, R., Nicolson, N.A. and Sulon, J., Diurnal variation in salivary
cortisol in oral contraceptive users and controls. In: C. Kirschbaum, G.F.
Read and D.H. Hellhammer (Eds.), Assessment of Hormones and Drugs
in Saliva in Biobehavioral Research, Hogrefe and Huber, Gottingen,
1992, pp. 37-41.

Wallston, K.A., Wallston, B.S. and DeVellis, R., Development of the
multidimensional health locus of control (MHLC) scales, Health Educa-
tion Monogr., 6 (1978) 160-170.

Watson, D., Clark, L.A. and Tellegen, A., Development and validation of
brief measures of positive and negative affect: the PANAS scales, J.
Pers. Soc. Psychol., 54 (1988) 1063--1070.



