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ABSTRACT

Objective: To assess the association between temporomandibular disorder (TMD) with sociodemographic
factors, health-related factors, and oral conditions in adolescents. Material and Methods: This cross-
sectional study was developed with 89 adolescents between 13 to 18 years. TMD diagnosis was obtained by
the Research Diagnostic Criteria for Temporomandibular Disease (RDC/TMD) Axis I. Diagnoses of
chronic pain, depression, presence of non-specific physical symptoms, including pain and anxiety, were
obtained by the RDC/TMD Axis II. The feeling of happiness was measured by the Subjective Happiness
Scale. Socio-economic and demographic characteristics were collected through self-administered
questionnaires. Patients were examined for dental caries, dental trauma, malocclusion, and tooth wear.
Parents answered a sociodemographic, economic, and general health questionnaire. Data were submitted to
descriptive statistics, and a logistic regression model was used to assess the association between TMD and
the socio-economic, demographic, health-related, and clinical variables. Results: TMD prevalence was 42%.
TMD was associated to skin color (p=0.040), use of medications in the past year (p = 0.020) and previous
dental trauma (p=0.030). Also, it tended to be associated with the presence of probable awake bruxism
(p=0.053). Conclusion: Sociodemographic factors, health-related factors, and oral conditions play a role in
TMD, with nonwhite adolescents, those who had used medications in the past year and/or had previous
dental trauma having a greater chance of present this disorder.
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Introduction

Temporomandibular disorders (TMDs) are a heterogeneous group of joint and muscle disorders in the
craniofacial region [1,27 and are the most common cause of non-dental pain in this area [37. Pain has several
consequences on daily activities and negatively affects the lives of patients [4,57.

TMD has already been extensively studied in the adult population, and most adults affected by TMD
report that the symptoms started during adolescence [67]. For example, a 2018 population-based study with
adolescents in Brazil reported a prevalence of 34.9% [17, a high index. However, the understanding of the
importance of studying TMD in adolescents is recent, and so as the knowledge of the psychosocial role in the
development of this condition; therefore, this population has not yet been fully investigated.

TMD etiology still is a controversial topic in dentistry. This condition is not considered an entity but
a group of various conditions of different etiologies [77], seen as a complex and multidimensional process in
which several psychosocial and environmental factors are of utmost relevance [37]. Therefore, it is necessary to
know all the related features and carefully evaluate the associations between multiple factors and symptoms
because simple strategies are not able to deal with such a complex condition [3,67.

Genetic factors [87, sex [1,7,97, stress, depression, anxiety [27, headaches, body pain [107, sleep
quality, parafunctional habits, sleep bruxism, awake bruxism [87, and malocclusions [8,117 seem to be
associated with TMD.

Considering that signs and symptoms may increase with age, clinicians and especially pediatric
dentists should be prepared to diagnose early signs of TMD [17] to prevent or minimize the consequences of
this condition and to reduce the impact on adolescents’ lives [107. Also, as a principle of holistic dentistry, the
patient must be seen as a whole; therefore, the psychosocial profile of patients with TMD must be considered in
the diagnosis and treatment. However, there are not many studies on TMD in this population, and as it is a
condition influenced by social and emotional issues, it is interesting to investigate in different contexts and the
possible associations within this disorder to better understand it. Therefore, this study aimed to assess the
association between sociodemographic factors, health-related factors, and oral conditions with TMD in

adolescents. We hypothesize that TMD is influenced by several aspects within these categories.

Material and Methods
Study Design and Population

This study used the STROBE guideline. This cross-sectional study included 89 adolescents, of both
sexes, aged 18 to 18 years old, attending a university's dental clinic in the city of Belo Horizonte, MG, Brazil,
between May and December 2019. The city has approximately 2.521.564 inhabitants and has a Human
Development Index of 0.810. The exclusion criteria were individuals ongoing orthodontic treatment or with

cognitive impairment.

Training and Calibration Exercise

The two examiners (A.L.P.B and G.A.F.) who performed clinical data collection previously
participated in training and calibration exercises. Professionals with experience in using the indexes conducted
the training. The training and calibration exercises were carried out in two stages. The first step was
theoretical training for each of the indexes and criteria used. The second step was the practical part, the

calibration itself, performed with patients, figures, or plaster models, depending on the index.
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To administer the clinical criteria of the Research Diagnostic Criteria for Temporomandibular
Disorders instrument (RDC / TMD) Axis I, the examiners were calibrated through clinical examinations of 28
patients. The inter-examiner and intra-examiner (Kappa) agreement coefficient for RDC / TMD was 0.907 and
0.804, respectively.

Calibrations for the DMFT index, dental trauma index (Andreassen & Andreassen index), and tooth
wear diagnosis were performed through photographs. For the calibration of the dental aesthetic index and
Angle malocclusion index, 15 plaster models were used. One week after calibration, the retest was applied. The

intra-examiner and inter-examiner (Kappa) agreement coefficient for all indexes was > 0.80.

Pilot Study
Before the beginning of data collection, a pilot study was conducted with 10 adolescents to evaluate
the methodology. The results of the pilot study were satisfactory, not requiring changes in the methodology;

therefore, participants in this stage were included in the main study.

Clinical Data Collection

Data were collected in a single moment by two dentists assisted by two research assistants. Clinical
exams were performed in the dental office, with proper artificial light and suction, at the university's dental
clinic. Disposable gloves and masks, coat, cap, and glasses were used as personal protective equipment. The
sterile clinical kit was used for the exam, after cleaning and drying the teeth with sterile gauze and cotton rolls.

The outcome of this study is TMD and was obtained through the application of the validated Brazilian
version of the RDC / TMD Axis I [127. This instrument encompasses a clinical exam that provides TMD
diagnostics divided into three groups: Muscle disorders (myofascial pain and myofascial pain with opening
limitation), Disc displacement (with reduction, without reduction, or without reduction with opening
limitation), and Joint disorders (arthralgia, osteoarthritis and, osteoarthrosis). The presence of any of these
diagnoses classifies the patient as having TMD.

The dental condition was also examined for the clinical diagnosis of dental caries (DMFT) [137,
dentofacial abnormalities (Dental Aesthetic Index - DAI) [14,157, classification of malocclusions [167, dental

trauma [[17]], and dental wear [187] as these are possible variables related to TMD.

Non-Clinical Data Collection

The RDC / TMD Axis II is a validated self-reported questionnaire [197 that uses a psychometric
scale, found in instrument question 20, that assesses the psychosocial functioning of the patient and his pain-
related disability. The score for each one of the 32 items ranges from 0 to 4 points. The average value is
calculated, then Chronic pain, Depression, Unspecified physical symptoms including pain, and Generalized
anxiety disorder are classified as absent, moderate, or severe. For data analysis, the presence of signs and
symptoms of these conditions were categorized as Yes (moderate and severe) and No (absent) [2,207].

The Brazilian validated version of the Subjective Happiness Scale (SHS) was applied to the
adolescents. This instrument provides a measure of subjective global happiness through self-report, which
assesses whether the respondent considers himself a happy or unhappy person [21,227]. SHS consists of four
affirmative items where the respondent indicates their happiness through a visual analog scale with seven
positions. The scale is in ascending order of happiness, where score 1 refers to the worst feeling of happiness,

and score 7 refers to the best [237. In the present study, the total score was used to analyze the data.
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To collect socio-economic and demographic data, the adolescents and their parents/guardians filled
out two forms. The instrument directed to the adolescents consisted of questions related to themselves, such as
name, address, birthday, age, sex, and self-reported skin color. There were also questions regarding possible
awake and sleep bruxism. In the instrument directed to the parents/guardians, there were questions about
themselves (age, number of children, degree of kinship with adolescents, and education) and questions about
their families (income and number of people living at the same house). Also, the form contained questions about
the adolescents' general and dental health history (questions about health problems, parafunctional habits,
breathing problems, sleep quality, headaches, teeth grinding, if they use medications and, parents/caregiver’s

perception of the adolescent's general and oral health).

Data Analysis

Data were submitted to descriptive statistics to characterize the sample. Unadjusted and adjusted
binary logistic regression models were used to assess the association between the main dependent variable
(TMD: Present/Absent) and the socio-economic, demographic, health-related, and clinical variables. Those
variables with p < 0.20 in the univariate analysis were selected for the multiple models. The selected variables
were tested for the presence of multicollinearity and when collinearity was identified between a pair or a group
of variables, only one of them entered the model, considering the underlying theoretical framework. Wald's
backward method was used to build the final model, generating adjusted Odds Ratios (OR) and respective 95%
CI for TMD between independent variables categories.

P-value was considered statistically significant if were < 0.05. For data analysis, Microsoft Excel and

the Statistical Package for the Social Sciences (SPSS, version 22.0, IBM Corp., Armonk, NY, USA) were used.

Ethics Approval

This research received approval, according to the Helsinki convention, from the Human Research
Ethics Committee of the Federal University of Minas Gerais (Protocol #01936918.8.0000.5149).
Parent/caregiver and those adolescents with 18 years old received written information about the study and
signed the informed consent form. Adolescents under 18 years old who participated in the study signed an

informed acceptance form.

Results

A total of 105 adolescents were invited to participate in the present study. Of those, 89 adolescents
returned the signed consent form, agreed to participate and underwent all clinical examinations (a response
rate of 84.8%). Of the participants, 51.7% (n=46) were girls, and 48.3% (n=43) were boys. The mean age of the
participants was 15.9 years old; 78% were nonwhite, and 27% were white; 36% of parents/caregivers had
studied 8 years or less; 30.5% of the adolescents' families received up to 1 Brazilian minimum wage per month
(one Brazilian minimum wage corresponds to $196,84 at the time of data collection) and 56.1% received 1 to 3
Brazilian minimum wage per month. The prevalence of TMD was 42% (95% CI: 31-53), with 23 (57.5%) girls
and 17 (42.5%) boys reporting symptoms.

Table 1 presents the prevalence of each specific TMD diagnostic in this study. In Axis I, the most
prevalent diagnosis was Joint disorders (34% on the right side and 27% on the left side), followed by muscle
disorders (16%) and disc displacements (7% for both sides). In Axis II, the most prevalent diagnosis was
depression (46%), followed by unspecified physical symptoms, including pain (45%) and generalized anxiety

disorder (41%). Chronic pain prevalence was 27%.
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Table 1. Prevalence and Confidence Interval of each specific TMD diagnostic.

Variables Prevalence (%) (95% CI)
TMD Axis I Diagnosis
Signals of TMD* 42 (81-53)
Muscle Disorders 16 (8-24)
Disc Displacement on the Right Side 7 (2-8)
Disc Displacement on the Left Side 7 (2-8)
Joint Disorders on the Right Side 84 (23-44)
Joint Disorders on the Left Side 27 (17-36)
TMD Axis II Diagnosis
Chronic Pain 27 (17-36)
Depression 46 (35-57)
Unspecified Physical Symptoms Including Pain 45 (84-55)
Generalized Anxiety Disorder 41 (80-52)

*The presence of any diagnoses obtained by RDC/TMD Axis I (Muscle disorders, Disc displacements
or Joint disorders) classifies the patient as having TMD.
No socio-economic or demographic variables were associated with TMD in univariate analyses (Table
2). TMD was associated in the univariate analysis with the use of medications (p=0.024; Table 38) and the
presence of dental wear (p=0.045; Table 4). In addition, there was a tendency of TMD to be associated with the

presence of probable sleep bruxism (p=0.069), as described in Table 4.

Table 2. Univariate logistic regression models for socio-economic and demographic variables
associated to TMD in adolescents.

TMD
Predictor Variables With Without p-value* Crude OR 95%CI
N (%) N (%)

Sex

Male (ref) 17 (89.5) 26 (60.5)

Female 23 (50.0) 23 (50.0) 0.822 1.53 0.66-8.55
Skin Color (Adolescents’ Report)

White (ref) 7(29.2) 17 (70.8)

Nonwhite 33 (50.8) 32 (49.2) 0.074 2.50 0.92-6.85

Income (in Real**) 1616.25 2877.52 0.26 1.00 0.99-1.00

(786.05) (3804.53)

Adolescent age (in Years) [Mean and SD] 16.4 (1.5) 15.4 (1.8) 0.17 1.20 0.93-1.55
Parents/Caregivers Age (in Years) [Mean and SD] 43.(9.5)  40.2 (12.0) 0.65 1.01 0.97-1.05
Parents Educational Level

< 8 Study Years (ref) 16 (54.6) 15 (48.4)

>8 < 11 Study Years 17 (40.5) 25 (59.5) 0.35 0.64 0.25-1.62

> 12 Study Years 4.(33.3) 8 (66.7) 0.29 0.47 0.12-1.88

*Persons’ chi-square test; **One Brazilian reals corresponds to 0.24-dollar cents at the time of data collection; Values different than 89
were individual missings of each variable.

Table 3. Univariate logistic regression models for health-related variables associated to TMD in
adolescents.

TMD
Predictor Variables With Without p-value* Crude OR 95%CI
N (%) N (%)

Adolescent General Health (Parents’ Report)

Good/Very Good (ref) 34 (45.9) 40 (54.1)

Moderate/Bad/Very Bad 6 (40.0) 9 (60.0) 0.673 0.78 0.25-2.438
Medication (Parents” Report)

No (ref) 29 (317.9) 36 (62.1)

Yes 18 (64.8) 10 (85.7) 0.024 2.94 1.15-7.52
Sleep Quality (Parents” Report)

Very Good (ref) 10 (45.5) 12 (54.5)

Good 29 (45.8) 26 (54.2) 0.976 1.01 0.87-2.80

Moderate 8 (47.1) 9 (52.9) 0.921 1.07 0.80-3.80
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Sleep Hours (Parents’ Report)

Less than 8 Hours a Night (ref) 25 (46.3) 29 (53.7)
More than 8 Hours a Night 14 (42.4) 19 (57.6) 0.725 0.85 0.86-2.05
Subjective Happiness Scale [Mean and SD7] 18.23 (3.6) 18.45 (8.5) 0.763 0.98 0.87-1.11

*Persons’ chi-square test; Values different than 89 were individual missings of each variable.

Table 4. Univariate logistic regression models for oral conditions associated to TMD in adolescents.

TMD
Predictor Variables With Without p-value* Crude OR 95%CI
N (%) N (%)

Probable Sleep Bruxism!

Absence (ref) 32 (42.1) 44 (57.9)

Presence 8 (72.7) 3 (27.3) 0.069 8.67 0.90-14.91
Probable Awake Bruxism?

Absence (ref) 34 (42.0) 47 (58.0)

Presence 5(8.9) 1(16.7) 0.084 6.91 0.77-61.87
Dental Caries Prevalence

No (DMFT=0) (ref) 14(58.3) 10 (41.7)

Yes (DMFT>1) 26 (40.0) 39 (60.0) 0.126 0.48 0.18-1.23
Dental Trauma (Clinical Exam)

Absence (ref) 29 (89.2) 45 (60.8)

Presence 6 (75.0) 2 (25.0) 0.071 4.65 0.88-24.65
Malocclusion

No (DAI < 25) (ref) 17 (56.7) 18 (43.8)

Yes (DAI > 26) 32 (54.2) 27 (45.8) 0.829 1.10 0.46-2.67
Dental Wear (Clinical Exam)

Absence (ref) 23 (87.7) 38 (62.3)

Presence 17 (60.7) 11 (89.8) 0.045 2.55 1.02-6.40

'Parents’ report and clinical exam; 2Adolescentes’ report and clinical exam; *Persons’ chi-square test; **It wasn't possible to obtain this
result due to the low prevalence of this variable. There is a cell without any observation; Values different than 89 were individual missings
of each variable.

The multiple regression showed that, when adjusted by other variables, TMD was associated with to
use of medications in the past year (p=0.020), previous dental trauma (p=0.030), and skin color (p=0.040). Also,
it tended to be associated with the presence of probable awake bruxism (p=0.053) (Table 5). As the COVID-19
pandemic prevented us from proceeding with data collection, we did a power analysis with our sample on the

oppenepi.com website.

Table 5. Multiple logistic regression models for variables associated to TMD in adolescents.

Predictor Variables p-value Adjusted OR 95% CI Power
Skin Color (Adolescents” Report)
White (ref)
Nonwhite 0.040 4.42 1.07-18.24 46%
Medication (Parents’ Report)
No (ref)
Yes 0.020 3.57 1.22-10.40 62%

Probable awake bruxism?!

No (absence) (ref)

Yes (presence) 0.053 11.81 0.96-132.65 50%
Dental trauma (Clinical Exam)

No (absence) (ref)

Yes (presence) 0.030 9.41 1.24-71.18 50%

'Adolescentes’ report and clinical exam.

Discussion
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TMD in adolescents between 13 and 18 years old was found in the present study to be 42% prevalent.
This value is slightly higher than the result found in an important study in 2018, which was 34.9% [17; also, in
Brazilian adolescents, this would be expected because it is a sample collected during clinical appointments and
because they were a little older. Furthermore, joint disorders were the most prevalent diagnosis (34% on the
right side and 27% on the left side), different from the result found by the other study that used the same
diagnostic tool [17]. However, TMD prevalence in adolescents varies widely in the literature, due to population
differences and diagnostic criteria [247]. To avoid this bias, this study was conducted with a recognized and
validated diagnostic tool with a standardized examination protocol.

Many studies have described high levels of psychosocial disorders in patients with TMD [2,5,25-297],
and in the present study, we found a high prevalence of depression and unspecified physical symptoms,
including pain and anxiety, confirming a relationship between TMD and psychosocial disorders. This study
indicates that some sociodemographic factors, health-related factors, and oral conditions are associated with
TMD. Skin color, the use of medications in the past year, probable awake bruxism previous dental trauma
increased the likelihood of adolescents presenting TMD signs and symptoms.

In the present study, skin color was associated with TMD, with nonwhite adolescents being more
likely to present signs and symptoms. This finding confirms the vulnerability of this population and persistent
inequality over decades. Besides all many possible biological issues included in the development process of this
condition, when the patient is part of a population socially vulnerable, that commonly faces discrimination and
racism, this can generate chronic stress and influence the patient's ability to deal with pain [9,30,317.
Nonwhite individuals, who represented 73% of the adolescents in this study, often have their health conditions
exacerbated due to unequal access to health and information, as well as worse health outcomes [9,327. Beyond
that, previous studies have reported greater sensitivity to painful stimuli among nonwhites compared to white
[30,387.

The decision to evaluate the use of medications was due in part to the need to know if the girls
participating in the study used birth control pills since some studies have already reported an association
between estrogen and TMD [847]. However, none of the girls reported using this medication, although 33,3%
of the participants reported taking some medication, which called for our attention. Therefore, we chose to
measure the association between medication use and TMD, and we found a significant association. However,
further studies with larger samples are needed to better understand these findings.

Although studies specifically on dental trauma and TMD have not been found, some studies show a
higher prevalence of TMD signs and symptoms in individuals with a history of facial trauma [35,367]. The
triggering episode of dental trauma (e.g., traffic accidents, falling-down injuries, blows in the facial area, and
violence-related injuries) may also have caused facial trauma, not addressed in this study, which may have
increased by up to four times the chance of TMD signs and symptoms [367]. Another hypothesis is that dental
trauma is due to parafunctional habits such as awake bruxism and that these behaviors are directly associated
with TMD [37.

This study also finds a borderline association between TMD and probable awake bruxism, as reported
in previous studies [3,10,377]. Probable awake bruxism is a nonfunctional behavior that exceeds the individual's
physiological tolerance leading to a breakdown of the stomatognathic system [37]. Many times, probable awake

bruxism is linked with probable sleep bruxism 377, but this association was not seen in this study.
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Although the associations between sex [1,7,97, depression [27], headaches, body pain [107], sleep
quality, sleep bruxism [87, and malocclusions [117] have been shown in other studies, we did not find these
associations.

The relationship between sex and TMD is a classic association, with a higher risk for girls, justified
mostly in adolescents by hormonal changes during puberty, and was reported several times [1,7,97. However,
this study didn't find this relationship, as few previous in the literature [107].

The association between malocclusions and TMD is polemic in the literature. Many studies believe in
the role of occlusion in the development of this condition [11,387]. However, in 2017 an important systematic
review was published [897 that encouraged to “abandon the old gnathological paradigm” between TMD and
occlusion, and many other studies followed this same path [407. In the present study, there wasn't any
association between malocclusion and TMD.

This study carries the limitation of a sample collected in the university clinic where individuals have
more diseases than a community sample and a study design that impossibility of establishing a causal
relationship. The sample size is also a limitation, which decreased the power of the associations and may have
contributed to the fact that some expected associations were not detected. However, the methodology had
important strengths; Kappa values ranging between substantial and almost perfect, which improves the data
reliability, the diagnostic tool used to measure TMD is the gold standard, clinical examinations being
performed with the entire support of a university clinic and several clinical conditions that may be associated
with TMD were also evaluated.

General dentists and especially pediatric dentists should be able to understand that TMD signs and
symptoms can start at an early age and that this condition impact patients' daily life. The ability to consider the
many possible factors involved in this disorder and to be capable to detect, monitor, and, if possible, treat these
patients is also imperative. Sociodemographic factors, health-related factors, and oral conditions may be
playing a role in TMD development. Reinforcing holistic dentistry and the importance of transdisciplinary
work, we should see this disorder as a dynamic process that occurs far beyond oral concerns. Psychologic,

environmental, social, and clinical factors are of utmost relevance.

Conclusion

TMD is a complex condition with sociodemographic, health-related, and oral conditions playing a role
in this development. Therefore, these findings highlight the importance of dentists to look to the patient far
beyond the oral cavity, assess all possible variables that might be associated with the disorder, to be able to

identify the adolescents with greater odds to present, to detect, monitor, and, if possible, treat this disorder.
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