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Purpose: We conducted this case-control study to determine the role of 2
neuropsychologic variables (sleep and depression) as possible risk indicators for the
development of temporomandibular disorders (TMD). Materials and Methods:
Neuropsychologic tests, traditional signs and symptoms of TMD, and social and
economic variables were analyzed. Seventy-two predominantly muscle-related TMD
patients (Research Diagnostic Criteria for TMD groups la, Ib, and llla) and 30 age-
and sex-matched pain-free controls were included in the population. Results: Overall,
TMD patients had statistically significantly higher sleep and depression scores on the
Sleep Assessment Questionnaire and on the Brazilian Portuguese version of the Beck
Depression Inventory, with odds ratios of 5 and 1.6, respectively. These results
remained unchanged even after controlling for 8 confounders in the logistic regression
analysis. Spontaneous pain and pain on palpation (grade 2 or higher) were also
statistically significantly worse in TMD patients. In the forward-step logistic regression
analysis, we also found that the combination of our best TMD predictors (ie, sleep,
cigarettes, alcohol) had a better predictive value (percent agreement = 78.69%) than
when the variables were analyzed alone. Conclusion: Sleep and depression are
considered important risk indicators for the development of TMD. Int J Prosthodont

2006;19:154-161.

ecent evidence supports the biopsychosocial

model for chronic temporomandibular disorders
(TMD) pain, regardless of origin, with emphasis placed
more on centrally mediated factors than on possible
local causes. Engineering data suggest that TMD are
chronic pain conditions that share many common fea-
tures (ie, pain parameters, disability, gender, and age
distribution) with other chronic pain conditions, such
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as headaches, back pain, and irritable bowel syn-
drome.’? Consequently, neuropsychologic assessment
in TMD studies has received increased attention, and
the multifactorial etiology of TMD and the complete ex-
amination of all physical, emotional, and behavioral
factors involved in the disease are increasingly em-
phasized.? Some studies have shown that depression
and somatization have been heavily implicated in
chronic pain, including TMD.*-® Indeed, in one longi-
tudinal treatment outcome study, sleep disorders and
depression were implicated as perpetuating factors in
nonresponding TMD patients.”

Therefore, the main objective of this study was to
clarify the role of 2 neuropsychologic variables—sleep
and depression—both alone and in combination in the
etiology of temporomandibular disorders in an analytic
(case-control) study. In addition, we compared our re-
sults in a southern Brazilian sample of patients with
those of a previous study with similar methodology in
a Canadian sample and compared our methodology
cross-culturally.”
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Materials and Methods
Inclusion and Exclusion Criteria

Patients selected for the study were those newly di-
agnosed in the Orofacial Pain Clinic at the Pontifical
Catholic University of Rio Grande do Sul (PUCRS)
Dental School, Brazil. The target population, based on
the history and clinical examination guidelines of the
Research Diagnostic Criteria for Temporomandibular
Disorders (RDC/TMD), was patients with muscle dis-
orders (groups la and Ib), including myofascial pain
with or without limited opening, as well as those with
arthralgia (group llla).2° In addition, we only selected
women between the age of 15 and 45 years to elim-
inate age and gender as confounders in the study.

Patients were excluded from the study based on
medical history if they were diagnosed with acute
muscle spasm, myositis, contracture, polyarthritis (os-
teoarthritis and osteoarthrosis), and acute traumatic
injury. In addition, patients with medical and/or den-
tal emergencies; metabolic diseases (eg, diabetes, hy-
perthyroidism); neurologic disorders (eg, dyskinesia,
trigeminal neuralgia); vascular disease (eg, migraine,
hypertension); neoplasia; history of psychiatric dis-
orders; history of drug abuse; motor vehicle acci-
dents; or currently receiving medication or other
treatments (eg, acupuncture, physical therapy) were
also excluded. Regarding pain medication, only those
patients taking those with effects on the central ner-
vous system (eg, muscle relaxants, anticonvulsants,
antidepressants) were excluded. Patients taking pain
medication such as analgesics and anti-inflammato-
ries were included, but a washout period of 3 days
prior to neuropsychologic (sleep and depression)
testing was required. Finally, patients with reported
major visual, auditory, and motor impairments were
also excluded, because this might have affected test
performance.”1%1

A concurrent internal control group was required for
comparison to determine how well the southern
Brazilian sample compared to other groups tested pre-
viously.'? The volunteers were to have no pain (acute
or chronic) complaints, but instead came to the Faculty
of Dentistry for restorative procedures; therefore, con-
trols were selected from the same source (the Dental
School) as the TMD patients to have comparable
groups.'® The exclusion criteria were the same de-
scribed for the TMD group, with the additional exclu-
sion criterion of previous treatment for chronic pain
conditions.

This study had the patients’ written consent and the
approval of the Sdo Lucas Hospital Human Ethics
Committee at the Pontifical Catholic University of Rio
Grande do Sul, Brazil.

Sleep and Depression Assessment

The neuropsychologic assessment was made only for
sleep and depression; these variables were chosen be-
cause they have shown to be good predictors of treat-
ment outcome in patients with TMD.”'4-16 To assess de-
pression, the long form of the Beck Depression Inventory
(BDI) (scores 0 to 63), translated into Brazilian Portu-
guese with permission (Casa do Psicol6go, Brazil, and
The Psychological Corporation, USA) and validated, was
used.'”'8 The test's norms and its reliability and repro-
ducibility have been extensively reviewed.”"'° To assess
sleep, the validated (polysomnography) 19-item self-ad-
ministered Sleep Assessment Questionnaire (SAQ) was
used, which was translated into Brazilian Portuguese
with permission of the authors. Normative data, test
description, and its reproducibility and validity have also
been published in the literature.? The tests were su-
pervised by a single blinded clinical psychologist.'

History and Clinical Examination

Social and demographic information as well as the
pain symptom questionnaire were self-completed and
supervised by 2 clinicians involved in the study. To as-
sess clinical signs (clinical examination form) of TMD,
a third independent specialist in the area of orofacial
pain, who did not participate in the neuropsychologic
testing and symptom questionnaire and who was
blinded to both the TMD and the pain-free groups, was
chosen.?!

The examination for signs and symptoms of TMD
was based on the standardized RDC/TMD. Subjects
entering this investigation underwent extraoral exam-
ination, including palpation of the temporomandibular
joint (TMJ) (lateral pole), masseter, temporalis, and
sternocleidomastoid. All scores assigned were based
on the patient’s evoked pain reaction when specific
muscle and joint sites were palpated. Intraoral exami-
nation included: (7) maximum unassisted mandibular
opening, (2) percussion sensitivity, and (3) caries to
rule out pain from dentoalveolar etiology.?

Pain intensity at rest and on chewing were also as-
sessed with 100-mm visual analogue scales (VAS).
Anchors to both scales were labeled as “no pain” and
“extremely severe pain.”” The validity and reliability of
these scales have been described elsewhere.? In ad-
dition, other pain dimensions, such as pain duration
(months) and pain in other parts of the body, were also
included to compensate for the limitations of the one-
dimensional evaluation of pain yielded by VAS.23
Clinical examination, particularly muscle and joint pal-
pation as well as measurement of maximum unas-
sisted mandibular opening, was performed last, be-
cause it has been shown to exacerbate pain and
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Table 1
Subjects

Neuropsychologic Test Results (Mean and SD) in TMD Patients and Control

Dependent variables

TMD group (n=72) Control group (n = 30)

Significance*

SAQ (scores 0-68) 26.1 (9.2) 17.8 (8.42) P<.001
BDI (scores 0-63) 12.1 (8.3) 7.6 (7.4) P<.01
*Mann-Whitney U test.

neuropsychologic (sleep and depression) test scores.” Results

To further confirm this, muscle and/or joint pain exac-
erbation after examination were also checked.

Confounders and Data Analysis

Confounders, such as age, gender, language, chemi-
cal dependency, history of trauma, neurologic disor-
ders, and psychologic disorders, were controlled in
this study by restriction in the inclusion/exclusion cri-
teria during the medical history.'? Circadian rhythms in
the pain cycle were controlled by standardization of the
time of day (10 am and 4 pm) and site (single isolated
room) where the tests were performed.?* Other con-
founders that remained after the design stage, such as
educational level and employment, were controlled in
the analysis stage by logistic regression.’

The formula for the calculation of the sample size, for
2 independent means,?® was calculated using the
means and standard deviations of the SAQ and the BDI
from a previous study and recalculated after the pilot
study without significant changes.” To disclose a per-
cent difference that was considered clinically relevant
(40%) and statistically significant between the 2 groups
(2-sided test at the .05 level and for a power of 80%)
in all neuropsychologic tests, it was estimated that at
least 27 patients must be screened in each group,
which was increased to 30 to compensate for
dropouts.’® The final patient population was increased
to 72 to allow multiple-regression analysis; a valid pa-
tient/control ratio of 2:1 was kept.'®

The Mann-Whitney U test was used for continuous
variables; if the variables were categorical, 2-by-2
tables using chi-square and Fisher exact tests were
used, with all tests at a .05 significance level. Odds ra-
tios (critical OR = 2.0) and 95% confidence intervals
were used to determine the strength of the association.
The role of confounders was calculated by variation
(15%) in ORs using logistic regression.? Recording
procedures (cutoff points) were based on the norma-
tive data of the tests (ie, SAQ and BDI).'”"1820 For sleep
and depression, because of the presence of normal-
ization, both sensitivity and specificity were provided.
Positive test results were indicated as 1 and negative
tests as 0. All analyses were performed using SPSS soft-
ware, version 11.5 for Windows.

Fifty percent of new TMD patients in the clinic were
selected for the study over a period of 1 year by 2 clin-
icians not involved in the clinical examination and neu-
ropsychologic testing. Among those eligible, slightly
more than 80% agreed to participate in the study, and
all underwent clinical and neuropsychologic assess-
ment. Similarly, among controls, 60% were included in
the study over a period of 9 months and all agreed to
participate and finished the assessment.

Neuropsychologic (Sleep and Depression)
Assessment

The neuropsychologic assessment yielded the follow-
ing results (Table 1). The TMD patients showed sleep
scores (SAQ) that were 46.6% higher than those of the
control group (P<.001). In the BDI, TMD patients had
scores that were 59.2% higher than those of the con-
trols (P<.01).

History, Pain Assessment, and Clinical
Examination

Analysis of the clinical examination was carried out for
traditional signs and symptoms of TMD.8%'6 Some clin-
ical variables did not show statistically significant dif-
ferences between experimental and control groups.
Maximum unassisted mandibular opening (mean +
SD) was very similar between TMD patients (50.2 + 9.5
mm) and control subjects (47.8 + 6.3 mm). Additionally,
neither group had evidence of caries lesions detectable
with a probe, confirming that the pain was not of den-
tal origin. On the other hand, other clinical variables
showed statistically significant differences between
TMD and control subjects, confirming the separation
between the groups (Table 2). Sensitivity to mastica-
tory muscle and TMJ lateral pole palpation, following
the RDC/TMD scores Il to Ill, was proportionately
greater in TMD patients than controls (P<.001). In ad-
dition, percussion sensitivity was found in 23.6% of
TMD patients, versus none in controls (P<<.01), which
is indicative of parafunction.

As shown in Table 2, there was also a highly statis-
tically significant difference between the experimental
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Table 2 Significant Signs and Symptoms in TMD and Control Subjects

Dependent variables

Control group (n=30) Significance

(unit or category) TMD group (n=72)
TMJ lateral pole (%)
From 0 through I =0 44.4
From Il through Ill =1 55.6
Masseter (%)
From 0 through I =0 333
From Il through Ill =1 66.7
Temporalis (%)
From 0 through I =0 458
From Il through Ill =1 54.2
Sternocleidomastoid (%)
From 0 through I =0 61.1
From Il through Ill =1 389
Percussion sensitivity (%)
Negative =0 76.4
Positive = 1 23.6
Exacerbation after examination (%)
Negative =0 61.1
Positive = 1 389
Pain at rest (100-mm VAS)
Mean (SD)
Pain on chewing (100-mm VAS)
Mean (SD)

33.8 (27.7)

39.1 (29.9)

96.7

e
P P<.001
767 .
933 P<.001
96.7 .
P P<.001
933 .
g P< .01

100.0 .
" P< 01
100.0 .
00 P<.001
0.0 (0.0) P<.001
0.0 (0.0) P< 001t

*Chi Square test; TMann-Whitney U test.

and control groups with respect to pain intensity at rest
and during chewing, with TMD patients experiencing
mild pain at rest and on chewing versus no pain in the
control group (P<.001). The average pain duration in
months was long in TMD patients (32.7 £ 26.6 months),
which is suggestive of a chronic pain problem. Also, al-
most 70% of TMD patients reported pain in other parts
of their body (eg, headaches, back pain, abdominal
pain, pain in the eye globe, general body pain), sug-
gesting a high level of comorbidity between TMD and
other chronic pain syndromes. In addition, 38.9% of
TMD patients had exacerbation of their joint and mus-
cle pain after examination, in contrast to no control pa-
tients; this finding justified our protocol of performing
the clinical examination after the sleep and depression
assessment (P<.001).

Assessment of Confounders and Selection of
Best Risk Indicators

As depicted in Table 3, traditional confounders not
controlled for in the study design have been shown to
influence neuropsychologic tests used here.”2
Therefore, confounders such as educational level, em-
ployment, income, age, marital status, number of chil-
dren, physical activity, social activity, coffee, and ciga-
rette and alcohol consumption were assessed in the
analysis stage (univariate and multivariate analyses).
Educational level, income, marital status, number of
children, physical activity, social activity, and coffee
consumption did not show any statistically significant

differences between TMD patients and control subjects.
Additionally, none of these confounders reached our
critical OR (2.0), which ranged from 0.6 to 1.7. On the
other hand, age, which was controlled in the design
stage, did show a statistically significant difference (P
<.05) between experimental and control groups in the
analysis stage. Employment was also significantly dif-
ferent (P <.01), with TMD patients having more than
twice the percentage (64.8%) of unemployment than
controls (30%), increasing the risk of being a TMD pa-
tient by 4.3 times. Cigarette and alcohol consumption
were also statistically significantly different between
groups (P<.05 and P< .01, respectively), but in both
cases they acted to reduce the risk of developing TMD
(OR =0.1); this might be owing to the fact that we had
neither heavy smokers nor drinkers in our sample.

The role of confounders was calculated by varia-
tions (15%) in ORs using logistic regression. Variables
that reached statistically significant differences
between groups, such as employment, age, and
cigarette and alcohol consumption, were selected. In
addition, educational level and coffee consumption,
because of their marginal critical ORs of 1.7 and 1.6,
respectively, were also included. The ORs for all neu-
ropsychologic tests did not change significantly in any
direction, both for each individual variable and for all
6 variables in combination. Therefore, we determined
that none of the 6 confounders included in our logistic
regression analysis influenced the association be-
tween the neuropsychologic test scores described in
Table 1.
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Table 3 Confounders in TMD and Control Subjects

Dependent variables TMD group Control group ORs
(unit or category) h=72) (n=30) (95% CD* Significance
Educational level (%)
Postsecondary diploma/ 15.9 24.0 1.7 NSt
certificate or higher =0 (0.5-5.1)
Some education after 84.1 76.0
high school or less = 1
Employment (%)
Employed =0 35.2 70.0 4.3 p<.ot1*
Unemployed =1 64.8 30.0 (1.7-10.8)
Income (%)
5X min wages or more =0 38.0 26.7 0.6 NS*
Up to 5X min wages = 1 62.0 733 (0.2-1.5)
Age ()
Mean (SD) 32.4 (12.1) 38.7 (13.4) P<.05°
Marital status (%)
Single=0 40.8 333 0.7 NS*
Married, separated, 59.2 66.7 (0.3-1.8)
divorced, widowed = 1
No. of children
Mean (SD) 1.9 (1.0) 19 (1.1) NS*
Physical activity (%)
Moderate or regular = 0 333 30.0 0.8 NS*
Little or none =1 66.7 70.0 (0.3-2.5)
Social activity (%)
Moderate or regular =0 63.6 60.0 0.9 NS*
Little or none =1 36.4 40.0 (0.3-2.4)
Coffee consumption (%)
Up to 2 cups aday =0 84.8 90.0 1.6 NSt
More than 2 cups =1 15.2 10.0 0.3-7.4)
Cigarette consumption (%)
None or occasionally = 0 93.9 70.0 0.1 P<.05*
One pack a day or more = 1 6.1 30.0 (0.03-0.80)
Alcohol consumption (%)
None =0 45.5 10.0 0.1 P<.01*
Occasionally =1 54.5 90.0 (0.03-0.53)

*Critical OR = 2.0; TFisher exact test; *Chi-square test; SMann-Whitney U test.

Cl = confidence interval.

In our final analysis, we also re-coded (di-
chotomized) the neuropsychologic tests, which re-
vealed significant differences between TMD patients
and control subjects—in our case, sleep and depres-
sion (Table 4). Both these factors had tests with pub-
lished norms (SAQ and BDI).'®20 Individuals who were
considered to have sleep disorders (scores equal or
greater than 17) had 5 times the risk (P<.001) of be-
coming TMD patients. Also, subjects who were in-
cluded as having severe depression (scores equal or
greater than 20) had 1.6 times the risk of developing
TMD, but the results were not significant. Sensitivity,
specificity, positive predictive value (PPV), and nega-
tive predictive value (NPV) were also calculated for
both tests. Scores of 0.75 were considered good for all
measures. The SAQ provided high sensitivity (0.83)
and PPV (0.80) but low specificity (0.50) and NPV
(0.55). Conversely, the BDI yielded low sensitivity (0.18)
and NPV (0.31) but high specificity (0.90) and PPV
(0.79). Therefore, none of the tests reached good

scores in all 4 measures, demonstrating that these
tests cannot be used without a thorough clinical ex-
amination. For the selection of our best predictors
(risk indicators) of TMD, a forward stepwise analysis
using our significant neuropsychologic and con-
founding variables (ie, SAQ, BDI, employment, age,
and cigarette and alcohol consumption) was carried
out.?’ Sleep (SAQ), depression (BDI), and alcohol and
cigarette consumption were considered the best pre-
dictors for the development of TMD, with an overall
agreement of 78.69% between observed and pre-
dicted cases. This overall percent agreement was
higher than when the seven variables included in the
logistic regression model were used alone, indicating
that the combination of selected variables was a bet-
ter predictor than when the variables were used alone.
Finally, the Spearman rho correlation was performed
among all 6 variables included in the model, and only
depression and sleep scores were highly correlated (r
=0.71; P<.001).
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Table 4 Risk Indicators for the Development of TVID

Independent variables TMD group Control group ORs
(unit or category) h=72) (n=30) (95% CDh* Significance
SAQ (%) (sens = 0.83; spec = 0.50; PPV = 0.80; NPV = 0.55)
Scores 0to 16 =0 16.7 50.0 5.0 P<.001*
Scores 17 t0 68 =1 83.3 50.0 (1.9-12.9)
BDI (%) (sens = 0.18; spec = 0.90; PPV = 0.79; NPV = 0.31)
Scores from 0 through 19 =0 84.5 90.0 1.6 NS*
Scores from 20 through 63 =1 15.5 10.0 (0.4-6.4)

*Critical OR = 2.0; TFisher exact test; ¥ Chi-square test.
Cl = confidence interval; sens = sensitivity; spec = specificity.

Discussion
Study Design, Population, and Confounders

In this study, a case-control design was selected be-
cause it is the most adequate analytic study in cases
where the latency period of the disease is long and/or
the incidence is low."® Our recruitment rate and TMD
sample size were similar to those of previous stud-
ies.'*1928 The primary diagnosis of myofascial pain
with or without limited opening and arthralgia (group
la, Ib, and llla of the RDC/TMD, respectively) was cho-
sen, because it has been documented in the literature
that patients diagnosed with myofascial pain and
arthralgia had significantly higher levels of depression
and somatization than those diagnosed with disk dis-
placements only,® and that TMD pain is predominantly
muscular in origin,® which increases external validity.
This is in agreement with a current trend in the TMD
literature to study well-defined populations to increase
the validity and reproducibility of the results.67:11.1416
Indeed, studies have shown that different TMD sub-
groups (eg, posttraumatic TMD as a result of motor ve-
hicle accident, disk displacements, and/or arthritic
conditions) have shown different risk indicators and eti-
ologies.!®

Regarding gender, all included TMD subjects were
women to increase internal validity and to control an
important confounder in the design stage.’® Despite
that, the gender distribution seems to be comparable
to that of other studies.'*'%%2% |n contrast to previous
studies,” #1928 the majority of our TMD population did
not have postsecondary education or higher (Table 3)
and had high levels of unemployment, which differed
from the Canadian sample.” Similar to the comparable
TMD Canadian sample (57.9%), this study’s sample
also had low income level, but it contrasted with an-
other study.?® Unfortunately, not all studies reported
employment and income level, and it was difficult to as-
sess their overall differences. The average age of the
TMD sample in this investigation was similar to that
found in the literature, 8142830 byt it was significantly
lower than that of our control group. Overall, the social
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and demographic variables in this study sample seem
to be comparable to similar studies in the literature;
nevertheless, the impact of these variables in our re-
sults were controlled in our univariate and multivariate
analyses, without significant changes.

Depression and Sleep

Our results showed that depression, as measured by
the BDI,'”'8 was significantly more common in TMD
patients than in controls (Table 1), which agrees with
a previous investigation comparing BDI scores be-
tween responding TMD patients (rTMD) versus non-
responding TMD patients (nrTMD) and controls.” This
demonstrated its importance as a risk indicator (OR =
1.6) in the development and perpetuation of TMD. The
mean scores of our TMD patient population were 10%
higher than the range found in the Canadian study. One
surprising finding was that our normative values (Table
1) were 171.4% higher than the Canadian sample and
published norms.”'” This might be explained in part by
the difficult social and economic conditions to which
the current control subjects are subjected (Table 3). In
this study, 15.5% of TMD patients and 10% of the con-
trol population were considered moderately depressed
(Brazilian version BDI, scores equal or greater than
20),'8 versus 11.8% (rTMD and nrTMD, combined) in
the Canadian sample (English version of the BDI, scores
equal to or greater than 16).” When we compare our re-
sults with studies that did not use the same method-
ology, our results are still coherent for both TMD (15%
to 43%)'283031 and control subjects (6%).32 Finally, the
neurophysiologic basis for the association between
chronic pain and major depression has already been
described in the literature,®® where Bondy et al found
significantly higher serum levels (P < .001) of sub-
stance P in patients with major depression than in
controls. Nevertheless, these symptoms may also be the
result of chronic pain. Treatment for depression alle-
viates pain, but a number of treatment modalities also
have the same effect; depression is not an isolated en-
tity but is often associated with symptoms of stress,
anxiety, and stress-related oral behaviors.'*
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Sleep and Depression as Risk Indicators

Sleep, as measured by the SAQ, was demonstrated
to be a more important risk indicator (OR = 5) in the
development of TMD than depression, and the SAQ
scores for TMD patients were significantly higher than
those of controls. The absolute SAQ value (26) of our
southern Brazilian TMD sample was comparable to
the range in the Canadian sample.” In the Canadian
study, sleep also displayed importance as a perpetu-
ating factor, with nonresponding TMD patients having
significantly more sleep disorders than responding
ones. Nevertheless, the southern Brazilian control
group had scores (Table 1) that were 61% higher than
those of the Canadian sample (11) and external con-
trols.”?% Similar to depression, this might be the result
of unfavorable social and economic conditions (de-
tailed in Table 3). The proportion of TMD individuals
with sleep disorders reached 83.3% versus 50% in the
control group. This was also similar to 78% in the
Canadian TMD (combined rTMD and nrTMD) sample
and 27% for the control group.” Our results are also
comparable with those of the literature that did not use
the SAQ, and in these studies, sleep has been closely
associated with TMD and other chronic pain'*34-36;
however, it is difficult to establish a cause-and-effect
relationship. Low-quality sleep may be a contributing
factor for the potentialization of pain in an individual
and/or for a reduction in the ability to tolerate it.3536
Some studies using experimental pain (chemical or
thermal) have shown minor sleep disturbances,3”38
while other classic studies have shown that sleep de-
privation led to muscle pain and behavioral distur-
bances.35%°

In our forward stepwise analysis,? sleep and de-
pression, plus alcohol and cigarette consumption, were
considered the best TMD predictors. The latter were
higher than when the variables included in the logis-
tic regression model were considered alone. These
findings indicate that a combination of risk indicators
seems to be more important than the individual vari-
ables alone. The results endorse the multifactorial eti-
ology of TMD and the importance of multidisciplinary
management. They also support the biopsychosocial
model of chronic pain. Finally, only depression and
sleep scores were highly correlated among all 6 vari-
ables included in the logistic regression model. This
confirmed previous findings of a relationship between
sleep disorders and psychologic distress. *°

Limitations and Suggestions for Future Studies

Despite our efforts to blind and standardize our clini-
cal and neuropsychologic evaluations, case-control
studies remain vulnerable to biases; therefore, the as-
sociations presented here cannot imply cause-and-
effect relationships between any studied variable and

TMD."3 Therefore, at face value, the neuropsychologic
tests used here must be considered as risk indicators,
rather than risk factors, for TMD, and it is necessary to
confirm our findings with analytic longitudinal designs.
Finally, considering that sleep was one of our best pre-
dictors (risk indicators) among all variables (46) stud-
ied, randomized controlled trials using particular sleep
medications (eg, zopiclone) must be carried out not
only in TMD but also in other patients with chronic pain
of muscle origin, such as fibromyalgia. In addition, the
relationship between sleep and pain as well as psy-
chologic distress (depression) should be further ex-
plored. The comorbidity between TMD and other
chronic pain conditions, such as fibromyalgia, chronic
fatigue syndrome, and irritable bowel syndrome, must
be further studied to assess whether they are related
or parallel entities. Also, because we found clinical in-
dications, such as percussion sensitivity, of the pres-
ence of bruxism, and the fact that bruxism has been
closely associated with sleep disorders,?* it is important
to further assess the role of bruxism, using polysomno-
graphic evaluation, in the initiation and perpetuation of
TMD. Indeed, one study found that related symptomes,
such as tooth clenching, are important risk indicators
in TMD.*!
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