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Aims: To explore whether awake and sleep bruxism interact in their associations
with painful temporomandibular disorders (TMD) and whether the interaction is
multiplicative or additive. Methods: In this case-control study, all participants
(n = 705) were part of the multicenter Validation Project and were recruited
as a convenience sample of community cases and controls and clinic cases.
Logistic regression analyses were applied to test for the association between
self-reported bruxism (sleep and/or awake) and the presence of painful TMD,
and odds ratios (ORs) with 95% confidence intervals (95% Cls) were computed.
Regression models included an interaction term to test for multiplicative
interaction, and additive interaction was calculated as the relative excess risk due
to interaction (RERI). Results: Based on logistic regression analyses adjusted
for age and gender, the main effects for both awake (OR = 6.7; 95% Cl: 3.4 to
12.9) and sleep (OR = 5.1; 95% Cl: 3.1 to 8.3) bruxism were significant. While
the multiplicative interaction (OR = 0.57; 95% CI: 0.24 to 1.4) was not significant,
the results indicated a significant positive additive interaction (RERI = 8.6; 95%
Cl: 1.0 to 19.7) on the OR scale. Conclusion: This study has demonstrated that
awake and sleep bruxism are associated with an increased presence of painful
TMD, and that both types of bruxism are not independently associated, but
interact additively. As such, the presence of each factor amplifies the effect of the
other. J Oral Facial Pain Headache 2017,31:299-305. doi: 10.11607/0fph.1885

Keywords: awake bruxism, interaction effect, pain, sleep bruxism,
temporomandibular disorders

about 10% in the general population' and a substantial negative

impact on quality of life (QoL).2 There is a need to investigate risk
factors for painful TMD to improve the understanding of their etiolo-
gy so that clinically relevant risk factors can be addressed for its pre-
vention. Bruxism has been recognized as an important risk factor for
TMD,®® with bruxism patients having an eight-fold increased risk for
TMD pain.36-8

Although bruxism is often considered one entity, a distinction must
be made between awake and sleep bruxism due to their differences
in etiology and pathogenesis.®'® Sleep bruxism is now considered a
sleep-related movement disorder and part of a sleep arousal response!
characterized by typical patterns of rhythmic masticatory muscle activ-
ity that differ from those of chewing.'>'® In contrast, awake bruxism is a
nonfunctional behavior.

While current evidence suggests that the risk of painful TMD differs
only slightly with respect to the type of bruxism,? it is not clear if these
two forms of bruxism act as two independent risk factors or if they af-
fect each other in the risk of developing painful TMD; ie, it is not clear
whether the risk due to one type of bruxism is modified by the presence
of the other. Such an interaction is likely, since both forms of bruxism are
characterized by repeated muscle activity that might lead to potential
overload and micro-injuries to the temporomandibular joint (TMJ) and
masticatory muscles.'>”'* Hence, the effects of both forms of bruxism
are unlikely to be independent. It is plausible that there is instead a bio-
logic interaction, whereby the effect of one form of bruxism is changed

Painful temporomandibular disorders (TMD) have a prevalence of
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when the other form is present.’® Interactions be-
tween risk factors for pain are well known'®~'8; how-
ever, while most studies assume a multiplicative
interaction, additive interactions are often more likely
for risk factors having a similar mode of action in the
multifactorial pathogenesis of a disease or disorder."®
A recent study suggests the presence of a multipli-
cative interaction for painful TMD,® but no study has
differentiated between multiplicative and additive in-
teractions of awake and sleep bruxism. Therefore, the
aims of this study were to explore whether awake and
sleep bruxism interact with each other regarding their
associations with painful TMD and whether the inter-
action is multiplicative or additive.

Materials and Methods

Participants, Study Design, and Setting
In this case-control study, all participants were part
of the multicenter Validation Project?® that assessed
the reliability and validity of the Research Diagnostic
Criteria for Temporomandibular Disorders (RDC/
TMD) Axis | and Il assessment protocol and subse-
quently developed a reliable and valid revised Axis |
and Il protocol.?' Participants (n = 724) were recruit-
ed as a convenience sample from community cases
and controls and clinic cases between August 2003
and September 2006 at the University of Minnesota,
the University of Washington, and the University at
Buffalo. Five participants who could not be classified
as cases or controls and 14 participants with comor-
bid systemic pain conditions (chondromatosis, fibro-
myalgia, or rheumatoid arthritis) were excluded from
the analyses, resulting in a final sample size of 705
participants. For more details regarding study de-
sign and participant recruitment and examination, see
Schiffman et al.?°

This research was conducted in accordance with
accepted ethical standards for research practice and
underwent review and approval by the Institutional
Review Board at each of the three study sites.?°
Written informed consent was obtained from all par-
ticipants prior to their enrollment.

Assessment of TMD and Allocation of Case or
Control Status

In the Validation Project, six experts in TMD and orofa-
cial pain served as criterion examiners to establish the
reference standard diagnoses based on the consen-
sus of two examiners at each study site. Participants
were assessed with a semi-structured interview and
a review of their responses to questionnaires and di-
agnostic tests, which were considerably more com-
prehensive than those specified by the RDC/TMD
protocol.2? Since the study aimed to explore the asso-
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ciation between awake and sleep bruxism and painful
TMD, participants with a painful TMD diagnosis were
considered cases (n = 500). Controls for this study
had either a pain-free TMD diagnosis (n = 114) or
were without signs and symptoms of TMD (ie, with
a negative current history, examination, and imaging
[panoramic radiograph, magnetic resonance imag-
ing (MRI), and computed tomography (CT) findings];
n = 91).

Assessment of Bruxism

Bruxism was assessed by participants’ self-report on
two items of the standard RDC/TMD history ques-
tionnaire.?? Participants completed the questionnaire
prior to the physical examination. Awake bruxism was
assessed by asking the question: “During the day, do
you grind your teeth or clench your jaw?” Sleep brux-
ism was assessed by asking the question: “Have you
been told, or do you notice, that you grind your teeth
or clench your jaw while sleeping in the night?” Both
questions had yes and no response options. Self-
reports of bruxism were classified as possible brux-
ism, according to an international consensus.'*

Assessment of Psychosocial Characteristics
Psychosocial characteristics of study participants
were assessed with Axis || measures contained in the
Validation Project,?® consisting of those described in
the original RDC/TMD?2 (ie, measures for depression
[Depression and Vegetative Symptoms] and soma-
tization [Nonspecific Physical Symptoms] from the
revised version of the Symptom Checklist 90 [SCL-
90-R]?® and severity of chronic pain from the 7-item
Graded Chronic Pain Scale [GCPS]).2*

Additional psychosocial and behavioral charac-
teristics were assessed, including perceived stress
(assessed with the 10-item Perceived Stress Scale
[PSS-10]),%® oral behaviors (assessed with the 21-
item Oral Behaviors Checklist [OBC]),2® and beliefs
regarding explanatory pain factors (assessed with the
Explanatory Model Scale [EMS]).2728

Data Analyses

Sociodemographic, clinical, psychosocial, and be-
havioral characteristics of the study sample were
presented as means and standard deviations (SD) or
as frequencies and percentages for all three groups
separately. Differences between groups were tested
by using ANOVA for continuous data, Kruskal-Wallis
rank test for ordered data, and chi-square test for
categorical data.

There are two ways of statistically modeling the
biologic interaction between awake and sleep brux-
ism: as a multiplicative or an additive interaction. The
multiplicative scale models whether the total effect
of two variables exceeds the multiplication of the
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two individual effects, and the additive scale models
whether the total effect exceeds the sum of the in-
dividual effects. In epidemiologic research, the addi-
tive scale is considered to have more public health
relevance and be more consistent with the concept
of biologic interaction than the multiplicative scale.?®
In the present study, both scales are presented and
discussed.

Due to the design of a case-control study, uncon-
ditional logistic regression was applied to formally
test the interaction. The inclusion of the interaction
term in the logistic regression is equivalent to test-
ing for a multiplicative interaction on the odds ratio
(OR) scale. Given the following logistic regression
model . ..

IN(Odds[TMD pain]) = B, + B, awake bruxism + B,
sleep bruxism + (3; awake bruxism X sleep bruxim

... the additive interaction on the same scale can be
calculated via the relative excess risk due to interac-
tion (RERI)?®:30:

RERI =
O,‘?11 — OR10_ O,‘?01 4+ 1 = ePr+P2+PBs — gPt — gb2 4+ 1

The 95% confidence intervals (95% Cls) of the
RERI were calculated by using the bootstrap percen-
tile method. For that reason, 10,000 samples were
drawn with replacement from the original data, each
of the same size as the original sample. Models are
presented with and without adjustment for age quar-
tiles and gender. Additionally, sensitivity analyses
were conducted by applying the same models, which
were adjusted for all potential confounders but based
only on the subset of controls with no signs or symp-
toms of TMD.

Only 3 participants (0.4%) had missing information
for awake and sleep bruxism and were therefore ex-
cluded from analyses modeling the risk of TMD pain,
resulting in a total of 702 participants with complete
data (controls without TMD = 91; controls with pain-
free TMD = 113; cases with painful TMD = 498).

All analyses were performed with the statisti-
cal software STATA/MP (Stata Statistical Software:
Release 13.1, StataCorp LP), with the probability of a
type | error set at the .05 level.

Results

Participant Characteristics

Mean age was 35.8 years in controls without signs
and symptoms of TMD, 39.3 years in controls with
pain-free TMD, and 36.4 years in painful TMD cas-
es (Table 1). While the mean age of participants was
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not statistically significantly different between the
groups, the proportion of women significantly differed
(P < .001), with the highest proportion in cases and
the lowest in controls without signs or symptoms of
TMD. The vast majority of participants had at least 1
year of college education, with nonsignificant differ-
ences between case and control groups (P = .954).

Almost all cases (99%) were diagnosed with
muscle pain (myofascial pain with or without limited
mouth opening), and the majority (87%) also had joint
pain (arthralgia or osteoarthritis). However, all other
possible TMD diagnoses were also observed in this
group, with osteoarthrosis showing the lowest preva-
lence (11%). By definition, no pain-related TMD diag-
noses were present in the TMD controls, but slightly
more than two-thirds of these participants were diag-
nosed with disc displacement with reduction.

Cases differed significantly from both con-
trol groups for psychosocial and behavioral char-
acteristics, including higher levels of somatization
(P < .001), higher levels of depression (P < .001),
and higher scores on the OBC (P < .001) and the
PSS-10 (P < .001). About 13% of the cases, but
none of the controls, exhibited signs of dysfunctional
chronic pain (GCPS Grade 3 or 4). On the EMS, be-
havioral factors were rated highest.

Frequency of Awake and Sleep Bruxism

The minority of controls indicated that they were
aware of awake or sleep bruxism (controls without
TMD = 309%; controls with pain-free TMD = 399%).
This proportion was substantially larger in cases
(84%). Slightly more than half of the cases (54%) re-
ported having knowledge of both awake and sleep
bruxism, while only 10% of controls without TMD and
12% of controls with pain-free TMD indicated having
both forms.

Association Between Bruxism and TMD Pain
Crude OR estimates are displayed in Table 2. Based
on logistic regression without potential confounders
and interaction term, the ORs for both awake (5.1) and
sleep bruxism (4.2) were significant, indicating that
both are considerably associated with painful TMD
(Model 1, Table 3). The additional interaction term was
below 1, suggesting a negative multiplicative inter-
action on the OR scale; however, this effect was not
significant (Model 2, Table 3). The RERI, on the other
hand, was significantly above 0, indicating a positive
additive interaction on the OR scale. Adjusting for all
potential confounders did not substantially change
the ORs of the main effects of awake and sleep brux-
ism, nor the interaction effects (Model 3, Table 3).
The sensitivity analysis—through exclusion of con-
trols with pain-free TMD—did not lead to substantially
different results. The ORs for the main effects were
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Table 1 Sociodemographic, Clinical, Psychosocial, and Behavioral Characteristics of Participants

Controls Cases
W/o TMD Pain-free TMD  Painful TMD Significance?
n =91 n=114 n =500 P value

Demographic
Age (y), mean (SD) 36.8 (12.7) 39.3 (13.1) 36.4 (13.1) 076
Gender (female), n (%) 57 (62.6) 88 (77.9) 434 (86.8) <.001

Education, n (%) .954
No college 15 (16.5) 17 (14.9) 78 (15.6)
= 1 year of college 76 (83.5) 97 (85.1) 421 (84.4)

Household income per year, n (%) .008
< $50,000 63 (70.0) 68 (60.2) 268 (54.4)
$50,000-$79,999 19 (21.1) 25 (22.1) 121 (24.5)
> $80,000 8(8.9) 20 (17.7) 104 (21.1)

TMD diagnoses, n (%) NA
Myofascial pain w/o limited opening NA NA 210 (42.0)

Myofascial pain with limited opening NA NA 285 (57.0)
Disc displacement with reduction NA 82 (71.9) 280 (566.0)
Disc displacement w/o reduction with limited opening NA 2(1.8) 66 (13.2)
Disc displacement w/o reduction w/o limited opening NA 31 (27.2) 162 (32.4)
Arthralgia NA NA 302 (60.4)
Osteoarthritis NA NA 169 (33.8)
Osteoarthrosis NA 39 (34.9) 54 (10.8)

Nonspecific physical symptoms (somatization), n (%) <.001
Low 83(92.9) 100 (87.7) 238 (47.8)

Moderate 6 (6.7) 12 (10.5) 167 (33.5)
Severe 1(1.1) 2(1.8) 93 (18.7)

Depression and vegetative symptoms, n (%) <.001
Low 73 (81.1) 95 (84.1) 300 (60.2)

Moderate 13 (14.4) 15 (13.3) 134 (26.9)
Severe 4 (4.4) 3(2.7) 64 (12.9)

Graded chronic pain, n (%) NA

Grade 1 (low disability, low-intensity pain) NA NA 208 (42.4)
Grade 2 (low disability, high-intensity pain) NA NA 221 (45.0)
Grade 3 (high disability, moderately limiting) NA NA 36 (7.3)

Grade 4 (high disability, severely limiting) NA NA 26 (5.3)

Oral behaviors, mean (SD)

OBC sum score 15.3 (6.3) 17.5 (7.4) 25.8 (8.9) <.001

Perceived stress, mean (SD)

PSS-10 sum score 10.6 (5.6) 10.4 (5.7) 13.6 (7.0) <.001

Explanatory model scale, mean (SD)

Physical factors NA NA 1.4 (1.4) NA
Behavioral factors NA NA 2.8(1.9) NA
Stress or emotional upset NA NA 1.9 (1.3) NA

OBC = Oral Behaviors Checklist; PSS = Perceived Stress Scale.?Differences between groups were calculated using analysis of variance (ANOVA) for
age, OBC summary score, and PSS-10 summary score; Kruskal Wallis rank test for annual income, nonspecific physical symptoms, and depression and
vegetative symptoms; and chi-square test for gender and level of education. NA = not applicable.

Table 2 Crude Odds and Odds Ratios (OR) for

no longer significant on the additive scale (RERI: 9.0;

TMD Pain 959% CI: —10.4 to 36.3).

Sleep bruxism

Awake bruxism No Yes Discussion

No Oddsg, = 0.59 Odds,, = 2.88
(ORoo = 1) (ORow = 4-91) .. . L .

Vs 0dds,, = 3.93 0dds;, = 11.61 This is the first study to test for an additive interac-
(OR,, = 6.70) (OR;; = 19.79) tion in the associations between both self-reported

awake and sleep bruxism and painful TMD. The find-
ings of this study indicate that both awake and sleep

somewhat higher (awake bruxism: 7.9; sleep bruxism:
6.2). The interaction on a multiplicative scale remained
insignificant (OR: 0.42; 95% ClI: 0.1 to 1.6), but was
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bruxism are considerably associated with painful
TMD, and that their total effect exceeds the sum of
the individual effects.
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The crude OR for the presence of painful TMD in
the case of the co-occurrence of awake and sleep
bruxism was substantially larger than the sum of
the individual crude ORs for both types of bruxism.
Therefore, awake and sleep bruxism are not just two
representations of the same risk factor; rather, each
type comprises a specific risk of having painful TMD.
Concurrently, the two types are not independent,
but interact in that the risk of one type of bruxism is
modified by the presence of the other type. Such an
additive interaction is very likely for risk factors with a
similar mode of action in the multifactorial pathogen-
esis of a disease or disorder.®

The increased presence of painful TMD due to
awake and sleep bruxism observed was essentially
in accordance with those observed in other studies.
Fernandes et al reported an increased presence of
myofascial pain (OR = 5.9) and arthralgia (OR =
2.3) in TMD patients with sleep bruxism compared
to those without.® Michelotti et al observed an in-
creased presence of myofascial pain (OR = 4.9)
in TMD patients with awake bruxism compared to
controls without TMD and controls without awake
bruxism.® Huang et al reported an OR of 4.8 for the
association between clenching and myofascial pain
and 3.8 for the association between clenching and
myofascial pain plus arthralgia compared to subjects
without clenching.®' Although the actual ORs were
somewhat higher in the present study than presented
elsewhere,?? this was potentially only due to method-
ologic reasons.

The authors had previously investigated a poten-
tial interaction between awake and sleep bruxism?®
and found evidence for an interaction on the multi-
plicative scale. However, this is not contradictory to
the present findings, since the primary analytical ap-
proach in the previous study® did not involve testing
for an additive interaction. When using the original
data of the previous study and applying the method-
ology of the present study, a significant additive in-
teraction was observed (RERI = 5.8; 95% CI: 3.8 to
8.6), supporting the validity of the present findings.

The strengths of the present study included the
large sample sizes for cases and controls, which al-
lowed the identification of significant effects. Also,
all study participants were examined twice by ex-
perienced and reliable examiners according to the
Validation Project assessment protocol. The final
TMD diagnoses were based on the consensus be-
tween the two examiners and the radiologists’ in-
terpretations at each site,®® ensuring high validity.
Furthermore, since the TMD diagnoses in the present
study served as the reference standard diagnoses in
the Validation Project®® to develop reliable and valid
revised RDC/TMD Axis | diagnostic algorithms,?! the
present study’s diagnoses are more accurate than

Reissmann et al

Table 3 Bruxism and Painful TMD: Results
of Multiple Logistic Regression
with Awake and Sleep Bruxism as
Independent Predictors (Model 1),

Interaction Between Awake and Sleep
Bruxism (Model 2), and Adjusted for
Sociodemographic, Socioeconomic,
and Psychosocial Characteristics

(Model 3)
OR/RERI 95% CI
Model 1
Awake bruxism 5.1 3.3-7.8
Sleep bruxism 4.2 2.8-6.2
Model 2
Awake bruxism 6.7 3.5-2.8
Sleep bruxism 4.9 3.0-79
Awake bruxism/sleep bruxism
Multiplicative interaction 0.60 0.25-1.4
Additive interaction (RERI) 9.5 1.3-19.7
Model 3
Awake bruxism 6.7 3.4-12.9
Sleep bruxism 5.1 3.1-8.3
Awake bruxism/sleep bruxism
Multiplicative interaction 0.57 0.24-14
Additive interaction (RERI) 8.6 1.0-19.7
Age
First quartile (18-25 y)? - -
Second quartile (26-35 y) 0.80 0.46-1.4
Third quartile (36-48'y) 0.64 0.37-1.1
Fourth quartile (49-67 y) 0.63 0.37-1.1
Gender (female) 2.1 1.3-3.3

OR = odds ratio; RERI = relative excess risk due to interaction;
95% Cl = 95% confidence interval. Awake bruxism/sleep bruxism
indicates the interaction term. °Reference category.

diagnosis rendered from any resulting diagnostic
algorithm. A sensitivity analysis was performed to test
whether the findings were related to the definition
of the case-control status. The RERI changed only
slightly, but the 95% Cl included 0. Thus, the additive
interaction in the sensitivity analysis became statisti-
cally insignificant. However, this does not contradict
the present findings, since it is probably the result of
the reduced statistical power due to the exclusion of
a substantial number of subjects (nhumber of controls
decreased from 200 to 89).

The major limitations of the present study were
related to the nature of case-control studies. In these
settings, as the prevalence of the disease is fixed by
design, only the OR can be used as an effect mea-
sure. Subsequently, the OR is interpreted as a rel-
ative risk, which is an approximation based on the
assumption that the investigated disease has a low
prevalence. Furthermore, case-control studies are
retrospective. As cases search for an explanation of
their disease, they may be more aware of risk factors;
therefore, the prevalence of the risk factors in cases is
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sometimes overestimated due to recall bias. Similarly,
health professionals want to provide their patients
with a reason for their disease and may therefore in-
form them that bruxism is a risk factor for the onset
and perpetuation of painful TMD. The potential bias
due to these limitations is not known; however, in this
study, the questions regarding bruxism were a small
part of the psychosocial and behavioral assessments
and were not the only factor focused on by partici-
pants. Most cases (76%) came from the community
and were respondents to study flyers and advertise-
ments.?® Only a small proportion (24%) were referred
to the university-based TMD clinics from local health
professionals, limiting the potential of recall bias,
since most cases had probably not seen a doctor
for their painful TMD before. While the data for this
study were collected years in advance of the present
study’s analyses, there seems to be no reason that
the study’s findings regarding the additive interaction
should change if the data had been analyzed sooner.
Furthermore, if new data were collected now using a
different sample, then it would be expected that the
strength of the association would change somewhat,
but it would not change the main finding of an additive
interaction. A final limitation of a case-control study is
the lack of ability to establish a causal relationship
between sleep and awake bruxism and painful TMD.

Study participants were recruited as a conve-
nience sample from both clinical and community
sources. Participants were selected based on meth-
odologic considerations of the Validation Project
(that is, to ensure a sufficient number of participants
for each of the TMD diagnoses and to have a full
spectrum of cases to improve the generalizability of
results).?’ Therefore, the sample is not representa-
tive of TMD patients or the general population, but
is representative of the full spectrum of cases with
painful TMD. However, it is not expected that find-
ings would substantially differ if random samples had
been included. This assumption is supported by the
accordance of the present findings with those of the
study by Sierwald et al,® which included a random
sample of the general population and a sample of
TMD patients.

Awake and sleep bruxism were assessed based
on participant self-reports. While bruxism can be di-
agnosed based on self-reports (possible bruxism),
clinical examinations (probable bruxism), and elec-
tromyographic and polysomnographic recordings
(definite bruxism),'*3* most studies use self-reports
assessed by means of questionnaires only. Even
though the two items used to assess bruxism in the
present study are part of the RDC/TMD?? and are
therefore highly standardized, validity is limited.'#3%:36
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However, bruxism assessment based on clinical
examinations depends on the presence of clinical
findings that are considered to be associated with
bruxism (eg, extensive tooth attrition or muscle hyper-
trophy). Such findings occur variably, even in subjects
with persistent chronic bruxism, and are not indicative
of current status. Electromyography and polysomnog-
raphy require extensive equipment and are therefore
only suitable for a small subject group. Furthermore,
such a gold standard assessment is currently only
available for sleep bruxism.®#37 Interestingly, cut-off
points for a polysomnographic assessment of sleep
bruxism were developed using a case definition re-
quiring a history of frequent tooth grinding occurring
at least 3 nights per week for the preceding 6 months
as confirmed by a sleep partner, clinical presence of
tooth wear, masseter muscle hypertrophy, and report
of jaw muscle fatigue or tenderness in the morning.®”
As mentioned above, not all subjects with bruxism
fulfill all these criteria simultaneously, which might at
least in part explain the insufficient concordance be-
tween self-report and polysomnographic assessment
of sleep bruxism.®® Accordingly, based on current
knowledge regarding advantages and drawbacks of
the methods described above, participants’ self-re-
ports are probably the most feasible approach for the
assessment of sleep and awake bruxism in a study
setting with a large population such as that used in
the present study. Furthermore, the applied items are
commonly used, thus ensuring comparability of study
findings. This will also help to transfer findings from
scientific research into settings in which oral health
care is actually delivered to the patient.

Conclusions

This study has demonstrated that awake and sleep
bruxism are both associated with an increased pres-
ence of painful TMD and that both types of bruxism
are not independent, but interact additively; ie, the
effect of one factor depends on the presence of the
other.

Acknowledgments

Research reported in this publication was supported by the
National Institute of Dental and Craniofacial Research of the
National Institutes of Health under Award Number UO1DE013331
and by the German Research Foundation under Award Number
RE 3289/2-1. The authors report no conflict of interest. The con-
tent is solely the responsibility of the authors and does not nec-
essarily represent the official views of the National Institutes of
Health.

© 2017 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

LeResche L. Epidemiology of temporomandibular disorders:
Implications for the investigation of etiologic factors. Crit Rev
Oral Biol Med 1997;8:291-305.

. Reissmann DR, John MT, Schierz O, Wassell RW. Functional

and psychosocial impact related to specific temporomandibular
disorder diagnoses. J Dent 2007;35:643-650.

. Sierwald |, John MT, Schierz O, et al. Association of temporo-

mandibular disorder pain with awake and sleep bruxism in
adults. J Orofac Orthop 2015;76:305-317.

. Manfredini D, Lobbezoo F. Relationship between bruxism and

temporomandibular disorders: A systematic review of litera-
ture from 1998 to 2008. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2010;109:e26—-e50.

. Svensson P, Jadidi F, Arima T, Baad-Hansen L, Sessle BJ.

Relationships between craniofacial pain and bruxism. J Oral
Rehabil 2008;35:524-547.

. Fernandes G, Franco AL, Siqueira JT, Gongalves DA, Camparis

CM. Sleep bruxism increases the risk for painful temporoman-
dibular disorder, depression and non-specific physical symp-
toms. J Oral Rehabil 2012;39:538-544.

Marklund S, Wzanman A. Risk factors associated with incidence
and persistence of signs and symptoms of temporomandibular
disorders. Acta Odontol Scand 2010;68:289-299.

. Michelotti A, Cioffi |, Festa P, Scala G, Farella M. Oral para-

functions as risk factors for diagnostic TMD subgroups. J Oral
Rehabil 2010;37:157-162.

. Feu D, Catharino F, Quintao CC, Almeida MA. A systematic

review of etiological and risk factors associated with bruxism.
J Orthod 2013;40:163—-171.

Manfredini D, Lobbezoo F. Role of psychosocial factors in the
etiology of bruxism. J Orofac Pain 2009;23:153-166.
American Academy of Sleep Medicine. International Classifica-
tion of Sleep Disorders, ed 3. Darien, IL: American Academy of
Sleep Medicine, 2014.

Lobbezoo F, Naeije M. Bruxism is mainly regulated centrally, not
peripherally. J Oral Rehabil 2001;28:1085-1091.

Lavigne GJ, Kato T, Kolta A, Sessle BJ. Neurobiological mech-
anisms involved in sleep bruxism. Crit Rev Oral Biol Med 2003;
14:30-46.

Lobbezoo F, Ahlberg J, Glaros AG, et al. Bruxism defined and
graded: An international consensus. J Oral Rehabil 2013;
40:2-4.

VanderWeele TJ, Robins JM. Four types of effect modification: A
classification based on directed acyclic graphs. Epidemiology
2007;18:561-568.

Edwards RR, Smith MT, Kudel |, Haythornthwaite J. Pain-
related catastrophizing as a risk factor for suicidal ideation in
chronic pain. Pain 2006;126:272-279.

Bergman S, Herrstrom P, Jacobsson LT, Petersson IF. Chronic
widespread pain: A three year followup of pain distribution and
risk factors. J Rheumatol 2002;29:818-825.

Johnston V, Jimmieson NL, Souvlis T, Jull G. Interaction of psy-
chosocial risk factors explain increased neck problems among
female office workers. Pain 2007;129:311-320.

Siemiatycki J, Thomas DC. Biological models and statistical
interactions: An example from multistage carcinogenesis. Int J
Epidemiol 1981;10:383-387.

Schiffman EL, Truelove EL, Ohrbach R, et al. The Research
Diagnostic Criteria for Temporomandibular Disorders. I
Overview and methodology for assessment of validity. J Orofac
Pain 2010;24:7-24.

21.

22.

283.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Reissmann et al

Schiffman E, Ohrbach R, Truelove E, et al. Diagnostic criteria
for temporomandibular disorders (DC/TMD) for clinical and
research applications: Recommendations of the International
RDC/TMD Consortium Network and Orofacial Pain Special
Interest Group. J Oral Facial Pain Headache 2014;28:6-27.
Dworkin SF, LeResche L. Research diagnostic criteria for
temporomandibular disorders: Review, criteria, examinations
and specifications, critique. J Craniomandib Disord 1992;6:
301-355.

Derogatis LR. SCL-90-R: Administration, Scoring and
Procedures Manual-Il for the Revised Version and Other
Instruments of the Psychopathy Rating Scale Series. Towson,
MD: Clinical Psychometric Research, 1992.

Von Korff M, Ormel J, Keefe FJ, Dworkin SF. Grading the sever-
ity of chronic pain. Pain 1992;50:133-149.

Cohen S, Kamarck T, Mermelstein R. A global measure of per-
ceived stress. J Health Soc Behav 1983;24:385-396.
Markiewicz MR, Ohrbach R, McCall WD Jr. Oral behaviors
checklist: Reliability of performance in targeted waking-state
behaviors. J Orofac Pain 2006;20:306-316.

Jackson H, McGorry P, Edwards J, et al. Cognitively-oriented
psychotherapy for early psychosis (COPE). Preliminary results.
Br J Psychiatry Suppl 1998;172:93-100.

Kleinman A. Patients and Healers in the Context of Culture: An
Exploration of the Borderline Between Anthropology, Medicine,
and Psychiatry. Berkeley: University of California, 1980.
Rothman KJ. Epidemiology: An Introduction. New York: Oxford
University, 2002.

Rothman KJ, Greenland S, Lash TL. Modern Epidemiology, ed
3. Philadelphia: Lippincott Williams & Wilkins, 2012.

Huang GJ, LeResche L, Critchlow CW, Martin MD, Drangsholt
MT. Risk factors for diagnostic subgroups of painful temporo-
mandibular disorders (TMD). J Dent Res 2002;81:284-288.
Marklund S, Wanman A. Incidence and prevalence of temporo-
mandibular joint pain and dysfunction. A one-year prospec-
tive study of university students. Acta Odontol Scand 2007,
65:119-127.

Ahmad M, Hollender L, Anderson Q, et al. Research diag-
nostic criteria for temporomandibular disorders (RDC/TMD):
Development of image analysis criteria and examiner reliability
for image analysis. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2009;107:844-860.

Lavigne GJ, Rompré PH, Montplaisir JY. Sleep bruxism: Validity
of clinical research diagnostic criteria in a controlled polysom-
nographic study. J Dent Res 1996;75:546-552.

Raphael KG, Sirois DA, Janal MN, et al. Sleep bruxism and
myofascial temporomandibular disorders: A laboratory-based
polysomnographic investigation. J Am Dent Assoc 2012;143:
1223-1231.

Raphael KG, Janal MN, Sirois DA, et al. Validity of self-reported
sleep bruxism among myofascial temporomandibular disorder
patients and controls. J Oral Rehabil 2015;42:751-758.
Rompré PH, Daigle-Landry D, Guitard F, Montplaisir JY, Lavigne
GJ. Identification of a sleep bruxism subgroup with a higher risk
of pain. J Dent Res 2007;86:837—-842.

Journal of Oral & Facial Pain and Headache 305

© 2017 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.





