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Background: Studies have reported correlations between various oral behaviors and painful temporomandibular disorders (TMD), yet
comprehensive research on the independent effects of each oral behavior within the general population remains sparse.

Objective: This cross-sectional study aimed to investigate the association between painful TMD (PT) and various oral behaviors in
general population.

Methods: A questionnaire survey was conducted with participants to collect data encompassing demographic characteristics, eight
specific oral behaviors, and the 5 major TMD symptoms(5Ts) checklist. Participants were categorized into PT and non-PT (NPT)
groups based on their responses to the 5Ts checklist. Those reporting TMJ/facial pain or headaches were assigned to the PT group,
while all other participants constituted the NPT group. Both univariate and multivariate logistic regression analyses were employed to
evaluate the association between individual oral behavior and the presence of PT, controlling for demographic confounders including
age, sex, systemic diseases, and dental treatments history.

Results: A total of 441 valid questionnaires were received, including 156 males and 285 females. The prevalence of PT was identified
to be 33.33%, with 61.00% of participants engaging in one or more types of oral behaviors. Each oral behavior was more frequently
reported in the PT group compared to the NPT group. The univariate logistic regression analysis identified positive correlations
between all eight oral behaviors and PT. In the multivariate logistic regression analysis, these associations persisted after adjustment
for demographic confounders including age, sex, history of systemic diseases and dental treatments (P<0.01). The behaviors most
strongly associated with PT were “Hold or jut jaw forward/to the side” (OR:4.478), “Hold, tighten or tense muscles without clench”
(OR:3.343) and “Hold jaw in rigid or tense position” (OR:3.209).

Conclusion: The presence of oral behaviors has significant association with PT. Individuals exhibiting multiple oral behaviors are
more likely to experience PT. Additional studies are needed to clarify the effects of reducing oral behaviors on pain-related symptoms.
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Introduction

Temporomandibular disorders (TMDs) encompass a group of musculoskeletal conditions involving pain or dysfunction
of the masticatory muscles, temporomandibular joint (TMJ) and related structures."* According to Diagnostic Criteria
for Temporomandibular Disorders (DC/TMD), a TMD with pain symptoms is defined as painful TMDs (PT). The
prevalence of TMDs is significantly high globally.® Studies targeting Chinese college students and medical students
showed the prevalence of TMD were 29.1% and 31.7%, respectively.* A Canadian survey indicated that up to 50% of
adults may experience PT-related symptoms, including pain and functional disturbances in joint and muscle activity.” In
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addition to the chronic pain itself and noise from the joints, patients with PT also tend to suffer from dysphonia and
eating difficulties due to pain when opening the mouth, which can lead to impairment in quality of life.® Moreover, the
economic burden of TMDs is substantial; patients in the United States alone may incur approximately $100 billion
annually in treatment costs.’

The etiology of PT is multifactorial, including biological, psychological and social factors. Biological factors can
roughly be attributed to joint and muscle lesions. Moreover, studies have shown that the elevation of inflammatory
markers such as tumor necrosis factor (TNF-a), interleukin-1(IL-1) and prostaglandin (PG) in blood and saliva may be
related to PT.® Psychosocial factors have long been a research hotspot in TMDs. There are evidence-based conclusions
about the significant association between psychological disorders and orofacial musculoskeletal pain.’ Cross-sectional
studies have demonstrated that PT patients exhibit higher levels of anxiety, depression, and psychological stress
compared to those with non-painful TMD or without TMD, with stress scores positively correlated to pain intensity
and duration.'® A few prospective studies have also suggested that psychological variables might be potential risk factors
for onset and chronicity of PT.'"!?

Oral behaviors, particularly parafunctional behaviors, refer to the activities of the masticatory muscles occurring
outside of the usual functions of speaking and chewing, such as clenching teeth, holding jaw in rigid position consciously
or unconsciously.'® These behaviors have been implicated as potential risk factors for TMDs.'* The temporomandibular
region features neural and biomechanical connections that form a complex functional unit, with studies suggesting that
neural pathways associated with PT can be influenced by posture.'” Interestingly, PT appears to be associated with
Parkinson’s disease, possibly due to the clenching or grinding of teeth caused by muscle rigidity, spasm and jaw tremors
caused by uncoordinated muscle contractions.'® Bruxism is recognized as a prevalent oral behavior that may exacerbate
PT through joint damage from the bite force exerted during such episodes. Additionally, patients with bruxism have been
reported to possess a heightened pain sensitivity, leading to more frequent PT reports.'” However, other researchers
believe that bruxism in the case of obstructive sleep apnea (OSA) reduces the incidence of the pain.'® Therefore, the
independent role of bruxism is not clear. The difference between the effects of awake and sleep bruxism on PT has also

1920 with research on the

not been elucidated. Previous studies have largely focused on dental clinic or hospital patients,
general population remaining scarce.
The objective of this study is to ascertain the relationship between the prevalence of PT and oral behaviors in the

general population. The null hypothesis was proposed that there was no correlation between oral behaviors and PT.

Materials and Methods
Study Design
This cross-sectional study was carried out among general population using data from convenient questionnaires We have
attached the questionnaire in the Supplementary Material. The questionnaires were available from June 14th, 2023 to
August 23rd, 2023, and the analysis was completed in August 29th, 2023.

Based on a 95% confidence level, 5% margin of error for confidence interval and 34.9% prevalence of TMDs,

a minimum sample size of 350 subjects was determined with a sample size calculator (https://www.calculator.net/sample-

size-calculator.html).

A total of 441 voluntary participants from different communities took part in this study. The purpose of this study was
fully explained at the beginning of the questionnaire, so as to ensure the informed consent of the participants.

The inclusion criteria were as follows: (a) ability to read and understand the questionnaire; (b) ability to read on
electrical devices. The exclusion criteria included: (a) history of medication that could obscure the symptoms of TMDs;
(b) history of drug abuse; (c) incomplete or improperly filled out questionnaires.

Data Collection
The questionnaires consisted of three distinct sections.

Demographic information including sex, age, education level, dental treatments history and systemic diseases history
were collected in the first part.
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The second part was an oral behavior checklist. Eight items were selected to assess oral behaviors according to
Claudia Barbosa,?! including six waking behaviors and two sleep behaviors to identify and quantify the overuse of the
joints and muscles, including: (1) Bruxism (sleep); (2) Sleep position pressure jaw; (3) Bruxism (waking); (4) Clench
teeth (waking); (5) Press, touch or hold teeth together; (6) Hold, tighten or tense muscles without clench; (7) Hold or jut
jaw forward/to the side; (8) Hold jaw in rigid or tense position. A five-point scale ranging from 1(not at all) to 5(always)
was used in each item.

In the third part, the 5 major TMD symptoms(5Ts) were chosen as a TMD screening tool, which has been
demonstrated high sensitivity (96.1% at least) and high specificity (100%) for identifying PT in a previous study.*”
Two of the 5 symptoms involved TMD-related facial pain and headaches were used to identify PTs, and each question
requires a yes or no answer.

1. Do you have any pain in your jaw, temple, in the ear or front of the ear?
2. Do you have any headaches (including the temple areas)?

Any positive answer indicated possible PT. Participants with TMJ/facial pain or headache were divided into PT group
and the others were divided into the NPT group.

Statistical Analysis

Statistical analysis was performed with the R package (https://www.R-project.org, the R Foundation) and Empowerstats

(http://www.empowerstats.com, X&Y Solutions, Inc., Boston, USA). Quantitative data were presented in the form of

mean+tstandard deviation and evaluated by the Mann—Whitney U-test. Categorical data, including dental treatments
history, systemic diseases history and oral behaviors, as well as the occurrence of PTs symptoms were presented by
frequency and evaluated by the RxC chi-square test. A univariate logistic regression was performed to evaluate the
influence of each oral behavior on the presence of PT. Demographic confounders including age (as a continuous
variable), sex (male or female), history of systemic diseases (with or without) and history of dental treatments (with
or without) were adjusted in the multivariate regression model. The correlations between the oral behaviors were
assessed with Spearman’s rank correlation test. In general, an a level of 0.05 was used to determine statistical
significance.

Results

A total of 519 questionnaires were received. After excluding incomplete or duplicate questionnaires, 441 valid
questionnaires were included (Table 1), including 156 males and 285 females, with a mean age of 33.37 £ 12.47 years.
The participants mostly graduated from college (74.60%), received dental treatments (52.61%) and did not have
systematic diseases (71.88%). Among all respondents in this study, there were 66.67% (N=294) in NPT group and
33.33% (N=147) in PT group. No significant difference in sex and education was observed between two groups, while
the situation of age, systemic diseases and experience of dental treatments were significantly different (P<0.05).

In Table 2, the univariate logistic regression analysis for all 8 oral behaviors revealed positive correlations with PT. In the
multivariate logistic regression analysis, such influence remained after adjustment for demographic confounders, including
“Bruxism (sleep)” (OR:1.958; 95% CI 1.212-3.163), “Sleep position pressure jaw” (OR:2.511; 95% CI 1.608-3.919),
“Bruxism (waking)” (OR:2.138; 95% CI 1.181-3.872), “Clench teeth” (waking) (OR:2.587; 95% CI 1.591-4.206), “Press,
touch or hold teeth together” (OR:2.673; 95% CI 1.710-4.181), “Hold, tighten or tense muscles without clench” (OR:3.343;
95% CI 2.120-5.272), “Hold or jut jaw forward/to the side” (OR:4.478; 95% CI 2.737-7.327), and “Hold jaw in rigid or tense
position” (OR:3.209; 95% CI 2.024-5.090)(Table 3).

Figure 1 indicates that every individual oral behavior was more frequent in the PT group than in the NPT group.
Notably, 61.00% of the participants had one or more oral behaviors. The PT prevalence in participants having from 0 to 8
oral behaviors were 16.28%, 30.77%, 26.47%, 37.84%, 39.02%, 50.00%, 60.00%, 82.35% and 60.00%, successively.
And the behaviors “Hold jaw in rigid or tense position”, “Hold, tighten or tense muscles without clench”, “Press, touch or
hold teeth together” and “Hold or jut jaw forward/to the side” often appeared together (Figure 2).
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Table 1 Demographic Characteristics of the Participants

Variable NPT group(N=294) | PT group(N=147) p value
Age 32.39 £ 1230 35.31 £ 12.63 0.021*
Sex 0.833
Male 105 (35.71%) 51 (34.69%)

Female 189 (64.29%) 96 (65.31%)

Education level 0.460
High school or below 66 (22.45%) 26 (17.69%)

College 214 (72.79%) 115 (78.23%)

Above college 14 (4.76%) 6 (4.08%)

Systemic diseases <0.001**
No 242 (82.31%) 75 (51.02%)

Yes 52 (17.69%) 72 (48.98%)

Dental treatments <0.001**
No 157 (53.40%) 52 (35.37%)

Yes 137 (46.60%) 95 (64.63%)

Notes: Quantitative data presented by mean+SD; categorical data presented by frequency (consti-
tuent ratio); *P<0.05 and **P<0.01.
Abbreviation: PT, Painful Temporomandibular Disorder.

Table 2 Univariate Logistic Regression Analysis for PT and NPT Groups

Variable OR 95% ClI p value
Bruxism (sleep) 2.468 (1.583, 3.847) | <0.001**
Sleep position pressure jaw 3.100 (2.053, 4.680) | <0.001**
Bruxism (waking) 2.749 (1.599, 4.728) | <0.001**
Clench teeth (waking) 2.989 (1.899, 4.704) | <0.001**
Press, touch or hold teeth together 3.394 (2.246, 5.129) | <0.001**
Hold, tighten or tense muscles without clench 3.894 (2.553, 5.938) <0.00 I**
Hold or jut jaw forward/to the side 5.760 (3.637, 9.121) <0.00 I**
Hold jaw in rigid or tense position 3.617 (2.375, 5.509) | <0.001**

Notes: OR, odds ratio; 95% Cl, 95% confidence interval. **P<0.01.

Table 3 Multivariate Logistic Regression Analysis for PT and NPT Groups

Variable Adjusted | Adjusted Il

OR 95% CI p value OR 95% CI p value
Bruxism (sleep) 2415 (1.536, 3.797) | <0.001** 1.958 | (1.212, 3.163) | 0.0060%*
Sleep position pressure jaw 3.163 (2.075, 4.821) | <0.001** | 2511 (1.608, 3.919) | <0.001**
Bruxism (waking) 2.793 (1.605, 4.859) | <0.001*F | 2.138 | (l.I181, 3.872) | 0.0121*
Clench teeth (waking) 3.021 (1.905, 4.791) | <0.001** | 2587 | (1.591, 4.206) | <0.001**
Press, touch or hold teeth together 3464 | (2274, 5.278) | <0.001** | 2.673 (1.710, 4.181) | <0.001**
Hold, tighten or tense muscles without clench | 4.024 | (2.614, 6.195) | <0.001** | 3.343 (2.120, 5.272) | <0.001**
Hold or jut jaw forward/to the side 5.783 (3.620, 9.238) | <0.001** | 4.478 | (2.737,7.327) | <0.001**
Hold jaw in rigid or tense position 3.858 | (2.498,5.959) | <0.001*F | 3.209 (2.024, 5.090) | <0.001**

Notes: Adjust | adjust for: Sex (I, 2); Age (As a continuous variable). Adjust Il adjust for: Sex (1, 2); Age (As a continuous variable); Systemic diseases
(with a history of systemic diseases or without); Dental treatments (with a history of dental treatments or without). ¥*P<0.05 and **P<0.01.

Discussion

This general-population-based cross-sectional study examined the link between PT and oral behaviors. PT participants
displayed a higher total score of oral behaviors after adjusting for age, sex, history of systemic diseases and dental
treatments confounders.
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Figure | Frequency of oral behaviors in PT group and NPT group.
Abbreviation: PT, Painful Temporomandibular Disorder.

The most common oral behaviors in this study were “Sleep position pressure jaw” (45.58%) and “Press, touch or hold
teeth together” (39.68%), which were associated with the presence of PTs. In this study, there were 28.80% of the
participants reported they had a habit of grinding their teeth (while waking or sleeping), which was similar to Atsii SS’s
study but slightly lower than that in Gavish A’s researches.”*~** This difference may be explained by the fact that Gavish
A’s study was based on teenagers or female high school students. Such adolescence often had a habit of biting their nails
and holding objects in their mouths. As they grow older, these behaviors are gradually abandoned, and the accompanying
teeth grinding behavior is less and less.? In this study, the behaviors “Hold jaw in rigid or tense position”, “Hold, tighten
or tense muscles without clench”, “Press, touch or hold teeth together” and “Hold or jut jaw forward/to the side” had
correlation with each other, which implied the majority of these oral behaviors were not isolated.

Studies based on Chinese college students showed the prevalence of PT was 9.9% using clinical signs instead of 5Ts.*
However, in this study, the prevalence of PT was as high as 33.33% among respondents. The age distribution of the
sample in this study was 33.37+12.47, and the high incidence age of TMDs is 20 to 40 years old.>® The sample of this
study overlapped with the age of high incidence of TMD, so the prevalence in this study was relatively high. Moreover,
diagnosis based on clinical signs is more stringent, whereas diagnosis based on questionnaires relies mostly on self-recall
and self-report, tending to overestimate the prevalence of PT.
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Figure 2 The heatmap of correlations among the oral behaviors.

Sex differences in PT have been a subject of debate. Many studies have shown a higher prevalence of PT in females
than in males.”” However, a prospective study showed that the incidence of acute TMDs was not significantly different
between male and female, and only chronic TMDs showed a higher prevalence in females than in males.*® Therefore, the
situation of higher prevalence of females in cross-sectional surveys may be due to a longer course of TMDs in females.
In this cross-sectional study, the difference in PT between males and females was not significant, which might be related
to the larger sample size of females due to their higher response to the questionnaire. Males and females showed similar
constituent of oral behaviors, while other studies have demonstrated that there is no difference in PT between boys and
girls during childhood, but from late puberty, females begin to show more TMDs symptoms.* This difference may be
caused by neuropsychological or physiological differences, such as more estrogenic hormone, lower pain thresholds and
greater psychological stress in females than those in males.*®

Existing studies have shown that oral behaviors occurring in non-physiological functional situations may be an

31,32
T,

etiology or at least a risk factor for P suggesting that even low-grade but persistent oral habits may lead to joint

degeneration over time."? In addition, several studies have shown that there is a positive correlation between oral
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behaviors and PT,**** which is consistent with our result. In the univariate analysis, all the 8 oral behaviors listed showed
obvious correlations with PT. This difference remained after multivariate logistic regression analysis adjusting the
confounders. However, Emodi-Perlman A. questioned this association.®> This difference may be due to the fact that
their study was mainly based on Israeli children between the ages of 5 and 12, younger children have lower self-
awareness of oral behaviors, and many behaviors without loud noise were often ignored by their parents.

Bruxism, also referred to as habitual clenching or grinding teeth, is thought to result in microtrauma to the TMJ and
surrounding musculature, potentially leading to inflammation and pain.>® This study contrasted sleep and awake bruxism.
In the multivariate regression analysis, the association of awake bruxism on PT appeared to be greater than that in sleep

3738 Wwhile in

bruxism. Some researchers believed that the incidence of TMDs was associated only with sleep bruxism,
other studies the TMDs incidence was associated only with awake or mixed bruxism.***° This difference may be due to
the fact that compared with awake bruxism, sleep bruxism can also indirectly affect PT by affecting sleep quality and
psychological stress.*!

Previous studies had shown different mechanisms between sleep and awake bruxism.*> Sleep bruxism is mainly
related to neurological diseases, while awake bruxism is more associated with psychological factors. The mechanical
overload or microtrauma caused by oral behaviors such as bruxism may be responsible to TMD pathway. Overload joint
activity cannot provide sufficient rest time of the orofacial muscles and cause consequent pain.** This pain may lead to
local muscle spasm, further aggravating the pain and creating a vicious cycle. In addition, the joint disc displacement
caused by increased joint load is also an important factor causing PT.*

Despite its insights, several limitations should be considered when interpreting our findings. This study was a cross-
sectional study based on the general population. The causal relationship between PT and oral behaviors was not
completely determined. And more prospective trials are needed to clarify it. Secondly, the oral behaviors were self-
reported, which may underestimate or overestimate their true prevalence due to lack of awareness.** More objective
measures like electromyography could improve accuracy. Third, our community sample lacked representation across all
ages, education levels and localities. In addition, this study focused on pain in the oral facial region. The different
location, intensity and nature of pain can be further studied in detail.

Conclusions

This cross-sectional study showed a higher frequency of oral behaviors in PT patients compared to those without PT. The
simultaneous presence of multiple oral behaviors in individuals with PT suggests that non-functional oral activities may
be an important associated factor for the presence of PT. Clinicians are advised to recommend patients reduce teeth
grinding, clenching, and related behaviors. Public health promotion of these behavioral changes could be valuable for
primary prevention. Further prospective researches are necessary to clarify causal mechanisms and effects of reducing
oral behaviors on PT outcomes.

Abbreviations
TMD, temporomandibular disorders; PT, painful TMD; 5Ts, the 5 major TMD symptoms; TMJ, temporomandibular
joint; TNF, tumor necrosis factor; IL-1, interleukin-1; PG, prostaglandin; OSA, obstructive sleep apnea.
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