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Oral behaviors, bruxism, malocclusion
and painful temporomandibular joint
clicking: is there an association?

Abstract: The present cross-sectional case-control study aimed to
determine if there is an association between specific oral behaviors, sleep
bruxism (SB), awake bruxism (AB), and painful temporomandibular
joint (TM]J) clicking. Ninety individuals were dived into three groups;
Group 1 (n = 30): painful TM] clicking; Group 2 (n = 30): painless TM]
clicking; and Group 3 (n = 30): control group. The following clinical
data were studied: oral behaviors (unilateral chewing, gum chewing,
nail biting, foreign objects biting, leaning with jaw against the hand,
and sleeping in a position that pressures the jaw), SB, AB (including the
frequency in 10 days, evaluated by ecological momentary assessment),
and malocclusions investigated based on clinical inspections (anterior
open bite, posterior cross-bite, abnormal overbite/overjet, occlusal
guidance, mediotrusive and/or laterotrusive interferences, retruded
contact position to maximum intercuspation slide, missing posterior
teeth). All statistical tests (Kolmogorov-Smirnov, chi-square, and
one-way ANOVA) were performed with a 5% significance level. Group
1 had the highest frequency of and a significant association with
leaning with jaw in the hand, sleeping position that pressures the jaw,
gum chewing, nail biting, and AB (p<0.05). Gum chewing, nail biting,
and AB were associated with Group 2 only when compared to Group
3 (p<0.05). No significant difference among groups was found for other
behaviors (unilateral chewing and foreign objects biting), SB, and all
malocclusions (p>0.05). It can be concluded that patients with painful
TMJ clicking had a higher frequency of and a significant association
with some specific harmful behaviors and AB.

Keywords: Temporomandibular Joint; Temporomandibular Joint Disc; Pain.

Introduction

Temporomandibular disorders (TMDs) are a group of disorders
involving the masticatory muscles, the temporomandibular joint (TM]),
and the associated structures.! The main TM]J-related disorders are
internal derangements and inflammatory disorders.? Disc displacement
with reduction (DDWR) is the most common internal derangement and
accounts for about 41% of TMD clinical diagnoses.? In this condition,
when the mouth is closed, the articular disc is displaced in relation to
the condyle and when the mouth is open the disc returns to its original
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position in the intermediate area between the condyle
and the articular tubercle®®. Clinically, DDWR is
related to TM]J clicking, which occurs when the disc
is displaced and repositioned during mandibular
movements.** TM]J clicking corresponds to 30.7%
of the clinical signs of TMD and is one of the most
common complaints of patients.’

Although TMJ clicking is usually painless, in
some patients, pain can be a comorbid symptom,
characterizing a more serious condition such as
painful TM]J clicking, in which pain located in the TMJ
area and surrounding tissues occurs or is intensified
when clicking, possibly due to a compression of the
bilaminar zone and TM] inflammation.>**” Arthralgia
is the inflammation of the joint capsule and/or
of the TM] synovial lining, generating pain and
sensitivity®. Alone, arthralgia corresponds to 26.5%
of TMD diagnosis,® and the presence of TM] clicking
increases the relative risk of developing arthralgia.’

The etiology of TM]J clicking and arthralgia are
directly or indirectly partly related to biomechanical
forces applied to the TMJ, exceeding the adaptive capacity
of the individual >"® These excessive biomechanical
forces can increase disc compression, squeezing the
disc off the condyle, increasing the sensitivity of
retrodiscal tissues, and promoting the production of
inflammatory mediators.>*® TM] clicking and arthralgia
have been separately investigated in association to oral
behaviors, bruxism, and malocclusion (usually when
there is excessive biomechanical forces) in an attempt
to establish a causal relationship and possible treatment
strategies.>">!* However, no study addressed these
factors in patients with painful TMJ clicking (DDWR
plus arthralgia in the same TM]J). This information may
help to improve the understanding of this condition
and to formulate a better clinical approach.

Therefore, the present study aimed to determine
if there is an association between oral behaviors,
bruxism, malocclusion, and painful TM]J clicking.
The null hypothesis is that the variables studied
would not present any difference.

Methodology

This research was approved by the Research
Ethics Committee of the Bauru School of Dentistry,
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University of Sdo Paulo, Bauru, Sdo Paulo, Brazil
(CAAE: 88592018.0.0000.5417/ N°: 2.725.838) and
was registered at the Brazilian Registry of Clinical
Trials (REBEC: RBR-4j5g96). All individuals were
informed about the research purposes and signed
a free informed consent form. This cross-sectional
case-control study was conducted following the
Helsinki Declaration and the recommendations of
the Strengthening the Reporting of Observational
Studies in Epidemiology (Strobe) guidelines.*

The sample size calculation was performed using
G*Power 3.1.9.2 software (Diisseldorf, Germany). The
following parameters were considered: a) test power
of 0.8; b) 0.016 significance level, considering the
multiple comparisons of three families of variables
(oral behaviors, bruxism, and malocclusion) and
according to Bonferroni’s correction in which the
standard alpha error of 0.05 is divided by the number
of families of comparisons;”® and, c) effect size of
0.4 for the analysis of variance (ANOVA) with one
inter-subject factor, i.e., groups (n = 3). Thus, the total
sample size was 90 individuals equally divided into
three groups: group 1 was composed of 30 patients
(22 females, 8 males, mean age of 33.4 + 13.53 years)
with unilateral painful TMJ clicking (DDWR plus
arthralgia in the same TM]J); group 2 was composed
of 30 patients (22 females, 8 males, mean age of
32.8 £13.56 years) with unilateral painless TM]J clicking
(only DDWR); and group 3 (control group) was
composed of 30 asymptomatic individuals (22 females,
8 males, mean age of 31.36 * 10.64 years) with no
TM]J clicking and no arthralgia. The individual was
considered the unit of observation. The study design
and sample formation were based on a previous
investigation on the anatomy of the TMJ to understand
the concomitance presence of arthralgia and DDWR.

The sample was obtained from 231 Brazilian
individuals, over 18 years old, that consecutively
sought regular dental treatment (control group)
or presented with complaint of clicking and/or
pain in TMJ area at the Bauru School of Dentistry,
Orofacial Pain Clinics, from September 2018 to July
2019. A single examiner (R.L.P), TMD and Orofacial
Pain specialist and professor, conducted all clinical
examinations. The patients were then allocated to one
of the groups according to the clinical examination,



based on the official Portuguese version of the
Research Diagnostic Criteria for Temporomandibular
Disorders (RDC/TMD) - Axis I.!

One hundred and forty one individuals were
excluded due to pain other than arthralgia, such
as myofascial pain (60 individuals), TM] sound
other than clicking (crepitation or terminal
thud) (35 individuals), having had previous
surgical intervention in the TMJ (5 individuals),
having systemic conditions such as fibromyalgia
(6 individuals), osteoarthritis (4 individuals) and
autoimmune arthritis like rheumatoid arthritis
(3 individuals) or any degenerative joint disease
(3 individuals), wearing removable dental prostheses
(5 individuals), ongoing orthodontic treatment
(9 individuals), or in continuous use of medications
such as analgesics and anti-inflammatory drugs
(11 individuals). The following clinical data were
studied: oral behaviors (OBs), sleep bruxism (SB),
awake bruxism (AB), and malocclusion.

Oral behaviors

OBs previously reported in the literature as related
to TMJ pain and/or TM] noise>!! were evaluated
(based on the previous month) by using part of the
Oral Behaviors Checklist™ self-reported questionnaire.
Five OBs were studied during wakefulness: unilateral
chewing, gum chewing, nail biting, foreign objects
biting (e.g. pen), and leaning with jaw in the hand,
such as cupping or resting the chin in the hand. There
were 5 possible answers for the frequency of these
OBs: none of the time, a little of the time, some of the
time, most of the time, and all of the time.

One OB was studied during sleep. It was
investigated the habit of sleeping in a position that
puts pressure on the jaw (for example, on stomach, on
the side of TMJ complaint) and how often. There were
5 possible answers for the frequency of this OB: none
of the time, < 1 night/month, 1 to 3 nights/month,
1 to 3 nights/week, and 4 to 7 nights/week.

For analyses, OBs were evaluated dichotomously:
present or absent. The OB was considered as “present”
when the frequency was “most of the time” or “all of
the time” or “1 to 3 nights/week” (for OBs studied
during wakefulness) or “4 to 7 nights/week (for the
OB studied during sleep).>'"1¢
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Sleep bruxism

Considering the diagnostic grading system, the
presence of “Probable SB” was based on a positive
self-report with a positive clinical inspection.”” To be
considered as having “Probable SB” the individual
should answer “yes” to the question “Have you been
told or do you notice that you grind your teeth or
clench your jaw while sleeping?” (with the frequency
of at least 1-3 nights/week among the options: none
of the time, < 1 night/month, 1 to 3 nights/month,
1 to 3 nights/week, and 4 to 7 nights/week), and in
the clinical inspection, abnormal tooth wear should
be visible within the enamel or dentin exposure and
loss of clinical crown height of < 1/3). In this study,
the examination consisted of the inspection of the
last molar in the right mandibular arch®.

Awake bruxism

Considering the diagnostic grading system, the
presence of “Probable AB” was based on a positive
self-report with a positive clinical inspection.”” To be
considered positive to the presence of “Probable AB”
the individual should answer “yes” to the question
“During the day, do you do repetitive or sustained
tooth contact and/or bracing or thrusting of the
mandible?”, with the frequency of at least “most of
the time” among the options: none of the time, a little
of the time, some of the time, most of the time, and
all of the time; the same parameter described for SB
was used in the clinical inspection.’

The frequency of AB was studied by an
instrumental assessment (ecological momentary
assessment [EMA]), using a free application for
smartphone called No Clenching® (Live iDeas,
Palhoga, Brazil) in the Portuguese version (Desencoste
seus dentes®). This system sends alerts during the day
to collect data on self-reported AB. The software was
programmed to send 12 alerts/day, every hour, from
9.00 AM to 9.00 PM. The individuals were instructed
to answer “yes” or “no” onreal time at every alert for
any AB activity (teeth contact, teeth clenching, teeth
grinding, bracing). All the possible conditions were
previously explained to the participants. Participants
were also taught to disregard the alert if it happened
while performing functional activities, such as
eating or talking. Data were recorded over ten days,

Braz. Oral Res. 2021;35:€090 3



Oral behaviors, bruxism, malocclusion and painful temporomandibular joint clicking: is there an association?

gathering 120 answers, but only the first 100 answers
were considered for statistical analysis (individuals
with less than 100 answers were excluded). After the
observation period, the software generated a report,
which was sent to the researcher via email by the
participants. To evaluate the frequency of AB, all
individuals were asked to use the EMA, even those
who self-reported not having AB in the anamnesis.

Malocclusion

The following malocclusion conditions were
investigated, based on clinical inspection protocols
adopted in previous studies.*" anterior open bite
(present/absent), posterior cross-bite (present/absent),
overbite (normal/>4 mm), overjet (normal/> 5 mm),
canine guidance (present/absent), mediotrusive
and/or laterotrusive interferences (present/absent),
retruded contact position to maximum intercuspation
(RCP-MI) slide (normal/> 2 mm), and =5 missing
posterior teeth (present/absent).

Statistical analysis

All data were tabulated, submitted to descriptive
analysis, and assessed for normal distribution with
the Kolmogorov-Smirnov test. A chi-square test was
used to compare the presence of categorical variables
(OBs, SB, AB, and occlusal features) among groups.
One-way analysis of variance (ANOVA) followed
by post hoc Tukey’s test was used to compare the
frequency of AB. A 5% significance level was used
for all tests. Data were analyzed using SPSS Statistics
25.0 software (IBM®, New York, USA).

Results

The descriptive data (frequency distribution) for
OBs, SB, AB, and malocclusion are shown in Table 1.
In the comparison among all groups, patients with
painful TM]J clicking had a higher frequency and a
significant association with the OBs of leaning with
hand on the jaw, sleeping in a position that puts
pressure on the jaw, gum chewing; nail biting, and
AB (p < 0.05). Patients with painless TM] clicking
had a significant association with gum chewing, nail
biting, and AB, only when compared to the control
group (p < 0.05). The other OBs (unilateral chewing
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and foreign objects biting), BS, and all malocclusion
features showed no significant difference (p>0.05)
among groups (Table 1).

Regarding the frequency of AB, evaluated by EMA,
all individuals of the sample answered the app at
least 100 times, and therefore, no one was excluded
from this analysis. Group 1 (painful TMJ clicking)
had a higher mean number of “Yes” answers of AB
activity, 3743 £ 33.75 (range 0-91), followed by group
2 (painless TM] clicking), 22.40 + 24.59 (range 0-88),
and group 3 (control group), 5.17 + 6.05 (range 0-23).
Considering the total sample (n = 90), there were
21.67% of positive responses on real time report
of AB activity. Significant differences (p < 0.05) in
frequency of “Yes” answers for AB activity among
groups were found (Table 2).

Discussion

The present study found that leaning with hand
on the jaw, sleeping in a position that puts pressure on
the jaw, gum chewing, nail, and AB have a significant
association with patients with painful TMJ clicking
when compared to patients with painless TM] clicking
and to the control group. SB and malocclusion were
not related to this condition. Thus, the null hypothesis
was partially rejected.

Only specific OBs previously reported in the
literature as related to TM] pain and/or TM] noise
were evaluated. In the present study, four OBs
showed a statistically significant difference among
groups. The behaviors of lean with your hand
on the jaw and sleeping position that pressures
the jaw were reported, respectively, by 37.8% and
42.2% of the individuals (considering the total
sample); also, both were significantly associated
only with painful TMJ clicking (Table 1). Similar
findings were reported previously, when the same
OBs were positively related to TM]J pain and TM]J
clicking, individually," although higher frequencies
were found. The association between these OBs
and painful TM] clicking supports the hypothesis
that activities that compress the TM] could be a
contributing factor to the internal derangement of
the joint by increasing the intra-articular pressure.?
Also, high TM] intra-articular pressure can result
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Table 1. Descriptive data for oral behaviors, bruxism, and malocclusion plus p-value of chi-square test (frequency).

Variables Painful TMJ clicking  Painless TMJ clicking Control group Total ovalue
(n = 30) (n = 30) (n = 30) (n = 90)

Leaning with hand on the jaw
Present 18 (60.0%)* 10 (33.3%)® 6 (20.0%)® 34 (37.8%) 0.005*
Absent 12 (40.0%)* 20 (66.7%)® 24 (80.0%)® 56 (62.2%)

Sleeping in a position that pressures on the jaw
Present 20 (66.7%)" 11 (36.7%)® 7 (23.3%)® 38 (42.2%) 0.003*
Absent 10 (33.3%)" 19 (63.3%)® 23 (76.7%)® 52 (57.8%)

Gum chewing
Present 21 (70.0%)* 12 (40.0%)8 5 (16.7%)¢ 38 (42.2%) <0.001*
Absent 9 (30.0%)* 18 (60.0%)® 25 (83.3%)¢ 52 (57.8%)

Nail biting
Present 20 (66.7%)" 12 (40.0%)® 4 (13.3%)¢ 36 (40.0%) < 0.001*
Absent 10 (33.3%)" 18 (60.0%)® 26 (86.7%)¢ 54 (60.0%)

Unilateral chewing
Present 7 (23.3%) 6 (20.0%) 7 (23.3%) 20 (22.2%) 0.938
Absent 23 (76.7%) 24 (80.0%) 23 (76.7%) 70 (77.8%)

Foreign obijects biting
Present 3 (10%) 4 (13.3%) 2 (6.7%) 9 (10.0%) 0.905
Absent 27 (90%) 26 (86.7%) 28 (93.3%) 81 (90.0%)

Sleep bruxism
Present 10 (33.3%) 8 (26.7%) 9 (30.0%) 27 (30.0%) 0.957
Absent 20 (66.7%) 22 (73.3%) 21 (70.0%) 63 (70.0%)

Awake bruxism
Present 19 (63.3%)* 11 (36.7%)® 4 (13.3%) 34 (37.8%) <0.001*
Absent 11 (36.7%)* 19 (63.3%)® 26 (86.7%)¢ 56 (62.2%)

Anterior open bite
Present 1 (3.3%) 2 (6.7%) 0 (0.0%) 2 (2.2%) 0.770
Absent 29 (96.7%) 28 (93.3%) 30 (100.0%) 88 (97.8%)

Posterior cross-bite
Present 5(16.7%) 3 (10.0%) 2 (6.7%) 10 (11.1%) 0.592
Absent 25 (83.3%) 27 (90.0%) 28 (93.3%) 80 (88.9%)

Overbite
Normal 12 (40.0%) 17 (56.7%) 19 (63.3%) 48 (53.3%) 0.212
= 4 mm 18 (60.0%) 13 (43.3%) 11 (36.7%) 42 (46.7%)

Overijet
Normal 23 (76.7%) 25 (83.3%) 27 (90.0%) 75(83.3%) 0.439
> 5mm 7 (23.3%) 5(16.7%) 3 (10.0%) 15 (16.7%)

Canine guidance
Present 13 (43.3%) 16 (53.3%) 18 (60.0%) 47 (52.2%) 0.468
Absent 17 (56.7%) 14 (46.7%) 12 (40.0%) 43 (47.8%)

Mediotrusive and/or laterotrusive interferences
Present 12 (40.0%) 8 (26.7%) 8 (26.7%) 28 (31.1%) 0.472
Absent 18 (60.0%) 22 (73.3%) 22 (73.3%) 62 (68.9%)

RCP-MI slide
Normal 22 (73.3%) 21 (70.0%) 24 (80.0%) 67 (74.4%) 0.754
=2 mm 8 (26.7%) 9 (30.0%) 6 (20.0%) 23 (25.6%)

= 5 missing posterior teeth
Present 2 (6.7%) 1(3.3%) 0 (0.0%) 3 (3.3%) 0.770
Absent 28 (93.3%) 29 (96.7%) 30 (100.0%) 87 (96.7%)

*Statistically significant difference. Different capital letters indicate significant difference among groups. RCP-MI: retruded contact position to
maximum intercuspation slide
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Table 2. Frequencies of “Yes” answers of awake bruxism (AB)
among groups.

Difference in means of “Yes”

Ciretips Gomigel e answers for AB activity p- value
Group 1 x Group 2 15.03 0.049*

Group 1 x Group 3 32.26 < 0.001*
Group 2 x Group 3 17.23 0.020*

*Statistically significant difference. Group 1: painful TMJ clicking;
Group 2: painless TMJ clicking; Group 3: control group.

in changes in the composition and volume of the
synovial fluid and promote to the production of
inflammatory mediators.”

In the comparison among all groups, gum chewing
and nail biting were OBs associated with painful TM]
clicking. These two OBs were also associated with
painless TM] clicking, but only when compared to
the control group (Table 1). Gum chewing was one of
the most prevalent OB (42.2% of the entire sample),
and its association with painful TM] clicking and
with painless TM] clicking was not surprising, since
a higher incidence of TMJ clicking and arthralgia
in individuals with the habit of chewing gum
had already been reported,?>** being a potential
contributing factor for these conditions.?? Possibly,
the high compressive forces within the joint due
to the constant chewing contribute to squeeze the
disc off the condyle and increase the sensitivity of
retrodiscal tissues.” Nail biting is one of the most
persistent OB. A study showed that nail biting in
childhood was a predictor of nail biting 20 years later.*
Nail biting was reported by 40% of the total sample,
similar to a previous study (48%).” An experimental
study suggested that the TM] is loaded more heavily
during incisor biting than during molar chewing.?
Also, incisal clenching has been reported to reduce
anterior joint space and increase disc compression.?
These factors can explain the association between
TM]J pain/clicking and nail biting found in this study.

Unilateral chewing was reported by 22.2% of the
total sample without significant difference among
groups or association with TM] pain/clicking. These
results differ from the study of Yalgin et al.,*® that
found a higher frequency (45.6%) of unilateral chewing
with a significant association with TMD. Differences
in methodologies may explain the divergence of the
results: in the study of Yalgin et al.,*® presence, and not
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the frequency, of unilateral chewing was considered
to establish the presence of the habit; in addition, no
specific group of TMD was evaluated. Biting foreign
objects was also not significantly associated with any
group, and only 10% of the sample had this habit.
Possibly, the overlapping of other OBs of a similar
nature (such as gum chewing and nail biting) that
presented higher prevalence, may explain the low
frequency and the results of this variable.

SB is a masticatory muscle activity during sleep.” In
this study, 30% of the individuals presented a “Probable
SB”, with a similar prevalence among groups (Table 1).
The similar prevalence, together with the fact that no
instrumental assessment for SB was made, may have
contributed to the absence of a significant association
between SB and painful TM] clicking. Nevertheless,
this result is in accordance with previous studies
that found no significant association between the
presence of disc displacements®, arthralgia®, and
self-reported SB.

AB is a masticatory muscle activity during
wakefulness.”” Among adults, the prevalence of AB
ranges between 22-30%.% In this study, 37.8% of the
individuals presented “Probable AB”. In a study with
a seven-day observation period, the frequency of
real time report of AB activity in a sample of healthy
young adults was 28.3% (being teeth contact and jaw
clenching the most frequent activities).** Considering
EMA, 21.67% of the total sample provided positive
real time responses of AB activity, but there was no
differentiation among the various AB activities. It
is interesting that some individuals with a negative
self-report of AB had some positive answers to AB
in the app. This fact underscores the importance
of collecting real time data at multiple recording
points during the day and within the environment
of the individual for a more reliable evaluation of
AB, as provided by EMA. Patients with painful
TM]J clicking presented a higher frequency of AB
activity (37.43 + 33.75) than patients with painless
TM]J clicking (22.40 * 24.59) and the control group
(5.17 £ 6.05). In the comparison among all groups,
the presence of “Probable AB” and the frequency
of “Yes” answers for AB activity were significantly
associated with painful TM] clicking. These two
variables were also associated with painless TM]



clicking only when compared to the control group
(Table 1). These results agree with the literature, since
AB has already been reported as a significant risk
factor for disc displacement™, increasing also the risk
for TMJ pain on jaw movement.* A possible reason
for the relationship between TM] clicking, TM] pain,
and AB can be obtained from finite element model
studies, showing that an abnormal distribution of
stresses in the disc from prolonged clenching may
facilitate disc displacement in symptomatic TMJ;*
furthermore, relatively high stresses were observed
in the retrodiscal tissues during clenching,® reducing
TM]J nutrient levels and producing an overload that
could lead to severe damage to TM]J disc itself.*

In the present study, eight malocclusion features
were addressed and none showed significant difference
among groups, confirming that other factors (i.e., oral
behaviors and bruxism) are more relevant for TM]
pain being a comorbid symptom in patients with TMJ
clicking. Also, these results are in accordance with
previous studies using multiple logistic regression
analysis that suggest that there is no clinically relevant
association between malocclusion and TM] clicking
or TM]J arthralgia.’®"

In this study, an association was found between
OBs (of leaning with hand on the jaw, sleeping in
a position that pressures the jaw, chewing gum,
biting nail) and AB and painful TM]J clicking. Thus,
clinically, maybe it is important to evaluate the
presence of these factors on patients with painful
TMJ clicking, so that their control can be included
in the management of this condition. However, all
results should be interpreted carefully. Limitations
of the present investigation include the restricted
population without gender pairing, the exclusion
of other TMD conditions to isolate DDWR plus
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arthralgia, no TMJ image exam to exclude other
intra-articular pathology that could be contributing
to TM] pain/clicking (degenerative joint disease),
no polysomnographic records to evaluate SB, and
the study design (cross-sectional), which makes it
impossible to establish a cause-effect relationship.
Ideally, prospective studies should be conducted
in the future. The present results corroborate the
suggestion that the cause of arthralgia in some cases
of TMJ clicking is not related to the anatomy of the
TM] itself,*”*° and clinical, somatosensorial, and
psychosocial variables may be equally if not more
important in painful TM]J clicking.

Conclusions

In view of the results and limitations of this study;,
it can be concluded that patients with painful TM]
clicking had a higher frequency and a statistically
significant association with the behaviors of leaning
with hand on the jaw, sleeping in a position that
pressures the jaw, chewing gum, biting nail, and
awake bruxism. Sleep bruxism and malocclusion
were not related to painful TM]J clicking,.
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