ORIGINAL RESEARCH
Temporomandibular
Joint Dysfunction

Giovana FERNANDES®

Ana Lucia FRANCO-MICHELONI@

José Tadeu Tesseroli de SIQUEIRA®

Daniela Aparecida Godéi
GONCALVES®

Cinara Maria CAMPARIS®©

©@Universidade Estadual Paulista — UNESP,
Araraquara School of Dentistry, Department
of Dental Materials and Prosthodontics,
Araraquara, SP, Brazil.

®Universidade de Sdo Paulo — USP, Hospital
das Clinicas — HC, Orofacial Pain Clinic,
Séo Paulo, SP, Brazil.

Declaration of Interests: The authors
certify that they have no commercial or
associative inferest that represents a conflict
of inferest in connection with the manuscript.

Disclosures: Parts of these data were
presented at the 2013 Annual Scientific
Meeting of the International Association for
Dental Research in Seattle, WA, USA.

Corresponding Author:
Giovana Fernandes
E-mail: giovana_fernandes@hotmail.com

DOI: 10.1590/1807-3107BOR-2016.vol30.0015

Submitted: Nov 30, 2014
Accepted for publication: Aug 19, 2015
Last revision: Sep 25, 2015

Parafunctional habits are associated
cumulatively to painful temporomandibular
disorders in adolescents

Abstract: This cross-sectional study was designed to evaluate the
effect of sleep bruxism, awake bruxism and parafunctional habits,
both separately and cumulatively, on the likelihood of adolescents to
present painful TMD. The study was conducted on a sample of 1,094
adolescents (aged 12-14). The presence of painful TMD was assessed
using the Research Diagnostic Criteria for Temporomandibular
Disorders, Axis I. Data on sleep bruxism, awake bruxism and
parafunctional habits (nail/pen/pencil/lip/cheek biting, resting one’s
head on one’s hand, and gum chewing) were researched by self-report.
After adjusting for potential demographic confounders using logistic
regression, each of the predictor variables (sleep bruxism, awake
bruxism and parafunctional habits) was significantly associated with
painful TMD. In addition, the odds for painful TMD were higher in
the concomitant presence of two (OR=4.6, [95%CI=2.06, 10.37]) or three
predictor (OR=13.7, [95%CI=5.72, 32.96]) variables. These findings
indicate that the presence of concomitant muscle activities during sleep
and awake bruxism and parafunctional habits increases the likelihood
almost linearly of adolescents to present painful TMD.
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Introduction

Painful temporomandibular disorder (TMD) has been viewed as a
complex and multidimensional process, involving various psychosocial
and environmental factors that may contribute to its pathogenesis.!
Adolescence is one of the most dynamic periods of human growth and
development,? and seems to relate to an increase in the prevalence for
TMD pain, as compared with childhood.? The concern about painful
TMD in adolescents is growing, and the prevalence rate has ranged from
0.7% to 23.5%, up to now.**

Among the factors involved in painful TMD pathogenesis, the role of
sleep bruxism, awake bruxism, and parafunctional habits has been studied
extensively in the adult population,® whereas there are few studies on this
issue in the pediatric population.”®® In regard to sleep bruxism and awake
bruxism, a recent international expert consensus suggested that there must
be a clear differentiation between the two."’ Sleep bruxism is classified
as a sleep-related movement disorder, and defined as an oral activity
characterized by grinding or clenching of the teeth during sleep, usually
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associated with sleep arousal.* Awake bruxism is the
habit of clenching the teeth during wakefulness, and
probably has a different cause and pathophysiology
from sleep bruxism."? Despite this conceptual difference,
ithas been observed that their concomitant presence is
frequent and that sleep bruxism significantly increases
the odds for awake bruxism and vice-versa.” On the
other hand, activities named as parafunctional habits are
those that exceed the individual’s physiologic tolerance,
leading to the breakdown of the masticatory system.”
The parafunctional habits commonly reported by
adolescents are nail/pen/pencil/and lip/cheek biting,
resting their head on their hand, and gum chewing.”

It has been shown that sleep and awake bruxism
and parafunctional habits are associated with painful
TMD.* Moreover, a dose-response gradient has been
suggested in this association, i.e., more muscle activity
(intensity, duration) leads to more overloading and
muscle pain.’®

Therefore, we think it interesting to study
the effect of sleep and awake bruxism and of
parafunctional habits, both separately and
cumulatively, on the likelihood of adolescents to
develop painful TMD.

Methodology

This was a cross-sectional study conducted on
a sample of 12-14-year-old adolescents of a public
school from Araraquara, Sao Paulo, Brazil.

Ethical Aspects

The study was approved by the Ethics Committee
of the Araraquara School of Dentistry, Universidade
Estadual Paulista - UNESP (Institutional Ethics
Committee approval - protocol number 70/10). All
parents or legal guardians gave their written consent
to the adolescents to participate in the study.

Sampling Procedures

The study comprised a total of 7,172 students,
aged 12-14 years, registered at Secretaria Estadual
da Educagdo of Araraquara city, and distributed
throughout 24 public schools. Based on the total
number, the minimal sample size was calculated
as 1,005 participants, considering 2% of TMD pain
prevalence in adolescents, taken from a previous
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international study,’® and a sample power of 80%.
Considering an absenteeism rate of 20%, the total
number of participants to be included in the
statistical sample was 1,257.

The 24 public schools were visited mostly between
June 2011 and May 2012. Each potential participant
received a brief explanation about the aims of the research
and a letter to take to their parents or legal guardian
thatincluded a brief questionnaire on the participant’s
socioeconomic status and a consent form. A total of
3,117 adolescents were invited and 1,307 adolescents
returned the consent form and participated in the study.

Exclusion criteria

The exclusion criteria were: 1) individuals with tooth
pain; 2) acute facial pain after recent injury; 3) individuals
receiving orthodontic or TMD treatment; 4) use of
medications that affect the central nervous system.

Data Collection

Outcome variable

Painful TMD was evaluated by the Axis I physical
examination form of the Research Diagnostic Criteria
for Temporomandibular Disorders (RDC/TMD),
Portuguese version,"” together with Axis Il questions
#3 (“Have you had pain in your face, jaw, temple, in
front of your ear or in your ear in the past month?”), #4
(“How many years ago did your facial pain begin for
the first time?”) and #14 (“Have you ever had your jaw
lock or catch, so that it won't open all the way”). The
RDC/TMD allows three groups of diagnoses: I - muscle
disorders, II - joint disk displacements, and III - other
joint conditions. The case group was composed of
adolescents with painful TMD diagnoses that included
group I and/or III diagnoses: myofascial pain with
or without limited opening, TMJ arthralgia and
osteoarthritis, either isolated or combined. Adolescents
who were not diagnosed with TMD or who were
diagnosed with non-painful TMD composed the control
group. Non-painful TMD diagnoses included group II
and/or Il diagnoses: joint disk displacements and TMJ
osteoarthrosis, either isolated or combined. Thus, the
adolescents diagnosed with painful TMD and those
diagnosed with combined painful and non-painful
TMD composed the case group.
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Possible demographic confounder variables

Gender and ethnicity: The participant’s racial
classification was established according to the Brazilian
Institute of Geography and Statistics, which names
such categories as white, black, mulatto, Asian,
and Indian. According to the Instituto Brasileiro de
Geografia e Estatistica - IBGE,'® all Brazilians must
declare their own ethnicity. Subsequently, ethnicity
was dichotomized into two groups: white and others
(black, mulatto, Asian, and Indian).

Menarche: a female investigator inquired into
the menarche status of the girls. This factor was
evaluated by the question “Have you had your first
menstrual period?” The girls could choose between
“no” and “yes”.

Predictor variables

Sleep bruxism: the self-report was obtained
from the question “Have you been told, or have you
noticed that you grind your teeth or clench your
jaw while sleeping at night?” (Brazilian-Portuguese
RDC/TMD questionnaire).”

Awake bruxism: the self-report was obtained
from the question “Do you grind your teeth or clench
your jaw during the day?” (Brazilian-Portuguese
RDC/TMD questionnaire)."”

Parafunctional habits: the self-report was assessed
using the question “Do you have any habits like
nail/pen/pencil/lip/cheek biting, resting your head
on your hand, and habitual gum chewing?”.

Pilot Study and Examiner Training

A pilot study was conducted prior to the survey,
to determine the feasibility and reliability of the data
collection procedure. The questionnaire for adolescents
and the clinical examination were tested on 77
adolescents (12-14 years old) from one of the eligible
schools, on two distinct occasions, with a seven-day
interval. The intraexaminer reliability of the RDC/
TMD instrument was determined using Cohen’s
kappa, yielding values of 0.795 for myofascial pain
and 0.884 for arthralgia, scores considered substantial
and almost perfect, respectively. Intraclass correlation
coefficients (ICC) were calculated to test the questions
for the self-reports, using absolute agreement. The
ICC’s ranged from fair to good to excellent. The

reliability for the question on sleep bruxism was
considered excellent (ICC = 0.968), and that of the
questions about awake bruxism and parafunctional
habits, fair to good (ICC = 0.69 and 0.439, respectively).
All the physical examinations performed in both
the pilot study and the study itself were done by a
single trained examiner, whereas all the questions
were applied by another single examiner.

Statistical analysis

Descriptive statistics and frequency counts were
used to characterize the sample. First, the sample was
stratified according to painful TMD diagnoses to study
the association according to demographic variables
(gender and ethnicity), and to identify potential
demographic confounders. Second, the association
between each possible pair of predictor variables
(sleep bruxism, awake bruxism, and parafunctional
habits) was evaluated. The Chi-square (x?) odds
ratio (OR) with a 95% confidence interval (CI) was
applied to both analyses, and the significance level
adopted was 0.05.

A univariate logistic regression model was used to
assess the association between the predictor variables
(sleep bruxism, awake bruxism and parafunctional
habits) and the outcome variable (painful TMD).
The multivariate regression model was adjusted for
potential demographic confounders (e.g., gender,
menarche and ethnicity) that were analyzed previously.

A second logistic regression model was applied
subsequently, using the count of variables as a predictor.
In other words, a participant who endorsed none of the
predictor variables would have a count of 0, whereas
a participant who endorsed all three had a count of 3.
This count was modeled as a categorical variable. Two
logistic regression models were fitted to predict the
presence of TMD based on this count variable. The
first model was a single logistic regression model that
included only the count variable as a predictor variable.
The second model was a multiple regression model
adjusted for potential demographic confounders.

The data were checked for multicollinearity,
using tolerance values < 0.10 and a variance inflation
factor > 10. All analyses were performed with the
SPSS software package, version 21.0 for Mac (SPSS
Inc., Chicago, USA).
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Results

The final sample consisted of 1,307 adolescents
who had agreed to participate, had returned the
written term of consent, and were present when
the evaluations were performed (a response rate
of 41.9%). According to the exclusion criteria, 213
adolescents were excluded: 178 were undergoing
current orthodontic or TMD treatment, and 35 were
using medical substances that could act on the central
nervous system (e.g. amitriptyline, fluoxetine, Ritalin).

In all, the case group comprised 279 adolescents
presenting either painful TMD or a diagnosis (16.8%)
of combined painful and non-painful TMD. The
control group was composed of 814 adolescents. Of
these, 94.0% did not present TMD diagnoses, and 6.0%
presented an isolated diagnosis of non-painful TMD.

The total sample consisted of 595 girls (54.4%)
and 499 boys (45.6%). The majority of the adolescents
were Caucasian (67.4%), and the mean age was 13.7
(#0.78). The prevalence of painful TMD according
to gender and ethnicity is depicted in Table 1.
Only gender was associated with painful TMD,
and was consequently considered a potential
demographic confounder.

The association of the predictor variables to one
another showed that awake bruxism was strongly
associated with parafunctional habits (OR = 2.8,
95%CI =1.7,4.8). A weaker association was observed
between sleep bruxism and awake bruxism (OR =14,
95%CI = 1.0, 1.9) and between sleep bruxism and
parafunctional habits (OR = 1.7, 95%CI = 1.1, 2.9).

The association between the predictor variables
and painful TMD is shown in Table 2. All of them
were significantly associated with painful TMD in
a multiple logistic regression model. Furthermore,
Table 3 shows that the likelihood to develop painful
TMD was greater for individuals with a greater
number of predictor variables. Individuals who
presented two predictor variables, and those who
presented all three, had higher odds of having
painful TMD [OR = 4.5 (95%CI = 2.01-10.26); OR = 13.3
(95%Cl = 5.67-31.61)] than those who presented none
or only one predictor variable, after adjusting for
gender. There were no signs of multicollinearity.

Discussion

This study indicates that sleep and awake bruxism,
as well as parafunctional habits, are associated with
painful TMD, and that concomitant muscle activities
from sleep and awake bruxism and parafunctional
habits increase the likelihood of adolescents to present
painful TMD.

Significant associations between painful TMD and
the female sex have also been observed in previous
studies involving adolescents.”?** Regarding the
menarche status, our results are in agreement with
a previous Brazilian study reporting that the female
gender was significantly associated with TMD,
whereas the presence of menarche was not.” Since
the age of our sample was limited (12-14 years old),
it could be said that we assessed girls at a similar
pubertal stage, independently of their menarche

Table 1. Demographic characteristics of the sample and their association with painful TMD.

Total
n %

Gender

Boys 499 45.6

Girls 595 54.4
Menarche

Girls without menarche 119 20.0

Girls with menarche 476 80.0
Race

White 735 67.4

Others 355 32.5
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Group
N Control Case
n (%) n (%) p value OR 95%Cl

386 (77.4) 113 (22.6) 0.041 1.3 1.01-1.75
428 (71.9) 167 (28.1)

91(76.5) 28(23.5)  0.218 1.3 0.84-2.14
337 (70.8) 139 (29.2)

547 (74.4) 188 (25.6)  0.915 1.0 0.76-1.36
263 (74.1) 92 (25.9)
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Table 2. Single and multiple logistic regression models for prediction of painful TMD for each predictor variable. All predictor
variables are presented as absolute number (n) and percentages (%) stratified by the presence of painful TMD.

Group

Predictor variables
Control n (%) Case n (%)
Sleep bruxism No 527 (79.7) 134 (20.3)
Yes 286 (66.2) 146 (33.8)
Awake bruxism No 591 (81.1) 138 (18.9)
Yes 222 (61.0) 142 (39.0)
Parafunctional habits No 109 (89.3) 13 (10.7)
Yes 704 (72.5) 267 (27.5)

Single Regression

Multiple Regression*

* Adjusted for gender.

Table 3. Association between the number of predictor variables and painful TMD.

Group

Predictor variables

Control n (%) Case n (%) p-value
0 73 (9.0) 7 (2.5)
1 420 (51.8) 86 (31.3) 0.0871
2 270(33.3)  119(43.3)  0.0001
3 48 (5.9) 63 (22.9) < 0.0001

* Adjusted for gender.

status. The presence of reproductive hormones
seems to increase the risk of developing pain during
the time that girls go through puberty.”” However,
no evidence has been found up to the present time
indicating how sex hormones could affect sensory
processing in the trigeminal system,* especially
during adolescence.

Considering the association among sleep bruxism,
awake bruxism and other parafunctional habits,
the results showed a week association between
sleep and awake bruxism. In fact, this is supported
by the hypothesis that sleep bruxism and awake
bruxism seem to be different entities, probably
with a different etiology and pathophysiology.!
Whereas the role of high levels of stress in sleep
bruxism may be poor and controversial,?* stressful
life events seem to exacerbate awake bruxism.?
Interestingly, studies on parafunctional habits in
adolescents have shown an important association
of these habits with stress,?® which is considered
a risk factor for them.* The strong association
between awake bruxism and other parafunctional
habits could suggest that they share a similar
pathophysiology. However, the present methodology

p-value OR 95%ClI p-value OR 95%Cl
Reference Reference
0.000 2.0 1.53-2.64 0.000 2.0 1.50-2.65
Reference Reference
0.000 2.7 2.07-3.62 0.000 2.6 1.93-3.42
Reference Reference
0.000 3.2 1.76-5.75  0.001 2.6 1.42-4.78
Single Regression Multiple Regression*
OR 95%Cl p-value OR 95%Cl
Reference Reference
2.1 0.95-4.70 0.0752 2.1 0.95-4.70
4.6 2.01-10.28 0.0002 4.5 2.01-10.26
13.7 5.78-32.4 < 0.0001 13.3 5.67-31.61

does not allow an in-depth analysis of this topic,
and more studies are needed.

The present study confirmed that sleep and
awake bruxism, as well as parafunctional habits,
are strongly associated with painful TMD. Previous
studies with adolescent samples have also reported
this association.>**? In addition, prospective studies
have shown that sleep and awake bruxism could
be predictors of signs and symptoms of TMD in
adolescents,* increasing with frequency and intensity
from adolescence to young adulthood.”

Some studies have suggested a dose-response
gradient measuring how greater levels of bruxism
(intensity, duration) could promote more overloading
and pain.”® This could be confirmed by the present
study, the findings of which showed a cumulative
effect of muscle activities on the likelihood of
presenting painful TMD. It has been suggested that
prolonged and sustained, low intensity chewing,
clenching, and grinding movements could promote
fatigue and a short-lasting sensation of pain® in
health adults.

It may be hypothesized that the pain experienced by
patients with parafunctional habits could be analogous
to mechanical overload-induced post-exercise muscle
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soreness,” probably caused by the sensitization of
muscle nociceptors by endogenous substances.?”
Possibly, the concomitant presence of sleep bruxism,
awake bruxism and parafunctional habits could lead toa
greater sensitization of muscle nociceptors. In fact, when
this mechanical stimulus is persistent, it may prolong
the nociceptive excitability of masticatory muscles, and
then sensitize afferent nociceptors. Consequently, this
process could contribute to the initiation, maintenance
and/or progression of painful TMD.

Nonetheless, some limitations may be identified, and
care is needed to properly interpret these results. The
present study was designed as a cross-sectional model,
and, as such, provides only a possible association and
not a cause and effect relationship. In regard to sleep
bruxism diagnosis, the self-report has limitations.
Polysomnographic records are considered the gold
standard, but they are difficult to use for large
samples due to high cost and accessibility difficulties.
Nevertheless, a recent consensus statement suggested
that sleep and awake bruxism self-reports may help in
identifying possible bruxism behaviors.” Moreover,
sleep and awake self-reports still remain the most
suitable approach to gathering data for large samples.”**
However, a large scale polysomnographic study showed
that there is an overestimation of the sleep bruxism
diagnostic when made with a self-report.® Although
the self-report of sleep bruxism, awake bruxism and
parafunctional habits has low specificity, the test-
retest reliability revealed that the questions could be
considered reliable for use in this study, even though
the question on parafunctional habits may have been
hard to interpret, because of the variety of aspects
involved. Lastly, a variable as important as sleep quality
was not considered in this study. It has been suggested
that sleep quality is associated with sleep bruxism
and awake bruxism.?” Low sleep quality seems to be
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