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SUMMARY To gain a better understanding of

temporomandibular disorders (TMD) pain in

adolescents, it is important to study the factors

associated with its presence. Therefore, the aim of

this study was to investigate potential predictors

for TMD pain in adolescents, thereby including a

diversity of factors from the biopsychosocial model

to determine the strongest predictors. The sample

of this cross-sectional study consisted of 1094

adolescents. The presence of TMD pain was

assessed using the RDC/TMD, Axis I. Apart from

demographical characteristics, the roles of

parafunctional habits, psychosocial aspects,

menarche and other bodily pain complaints were

evaluated. Single and multiple logistic regression

models were used to identify associations between

the predictor variables and TMD pain. Painful

TMD had a prevalence of 25�5%. Logistic regression

analyses showed that TMD pain was associated

with sleep bruxism (OR = 1�8 95% CI = 1�34–2�34),
awake bruxism (OR = 2�1 95% CI = 1�56–2�83),
other parafunctional habits (OR = 2�2 95%

CI = 1�17–4�08) and bodily pain complaints

(OR = 5�0 95% CI = 3�48–7�28). Parafunctional habits
and other bodily pain complaints may play an

important role in the presence of TMD pain in

adolescents. Of course, it remains unclear whether

the observed associations between the investigated

factors and the adolescent’s TMD pain have a true

causal linkage.
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Background

Temporomandibular disorders (TMD) is a collective

term that includes a number of clinical problems

involving the masticatory muscles, temporomandibu-

lar joints and associated structures. Upon exclusion of

‘true’ dental causes, like endodontic and periodontal

problems, TMD pain represents the most frequent

oro-facial pain condition (1). Even though, TMD pain

is primarily a condition of young and middle-aged

adults (2), studies of TMD pain in children and

adolescents have found that the prevalence increases

with age, in particular during the period of adoles-

cence (3, 4). As adolescence is one of the most

dynamic periods of human growth and development,

this trend might coincide with increasing physical

problems (5). In addition, this increase in prevalence

might be due to the fact that adolescents are better in

verbalising their pain than children through social

support and experience (5).

TMD pain has a biopsychosocial aetiology, in which

both the physical disorder factors, that is, biological

factors as well as the illness impact factors, that is,

psychological and social factors are integrated (6).

Regarding the role of biological factors, some studies

have reported that female gender increases the risk

for adolescent TMD pain (3, 4, 7). In addition, the lit-

erature has indicated that parafunctional habits are
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related to TMD pain complaints in adolescents (7, 8).

Regarding the role of psychosocial factors, especially

stress, somatic complaints and depression are impli-

cated in pain states in adolescent TMD pain subjects

(3, 4, 9).

To gain a better understanding of TMD pain in ado-

lescents, it is important to study the factors associated

with its presence. Identification of such factors can

help to prevent or minimise TMD pain and to reduce

its impact on the adolescents’ life. However, despite

the fact that precedent studies on this topic revealed

several factors that might be associated with TMD

pain among adolescents, many of them were com-

posed of relatively small samples and/or TMD pain

was based on questionnaire data only. Therefore, the

aim of this study was to investigate potential predic-

tors for clinically diagnosed TMD pain in a large group

of adolescents, thereby including a diversity of factors

from the biopsychosocial model. To homogenise the

study sample as regards their hormonal maturity and

body development, only adolescents within a small

age range (12–14 years old) were selected.

Methods

Ethical aspects

This study was approved by the Ethics Committee of

Araraquara School of Dentistry – UNESP. Subse-

quently, the Municipal and State Educations Depart-

ments approved the performance of the study.

Study design

This was a cross-sectional study conducted on a large

group of adolescents who followed classes on public

schools between June 2011 and May 2012 in the city

of Araraquara, S~ao Paulo, Brazil. According to the

Municipal and State Education Departments, the total

number of students registered in Araraquara was

7172 distributed over 24 schools. From the total num-

ber, the minimal sample size calculated was 1005 par-

ticipants, considering 2% of TMD prevalence in

adolescents from previous international studies (2).

Considering an absenteeism of 20%, the total number

of adolescents to include in the statistical sample was

1257. As this study focused on adolescents between

12 and 14 years old, a criterion for selecting class-

rooms was a high number of adolescents in this age

range. In the selected classrooms, one of the investi-

gators gave a letter to the adolescents that should be

taken home to their parents or legal representative. A

total of 3117 letters were distributed. This letter was

composed of four parts: (1) a general presentation of

the research aims; (2) a folder with general informa-

tion about TMD; (3) a brief questionnaire to the par-

ents about the adolescent’s psychosocial aspects; and

(4) terms of free and informed consent, authorising

the adolescent’s participation in the study. Items 3

and 4 needed to be filled out and returned to the

investigator before the data collection procedure

started.

Data collection procedure

A standardised diagnostic protocol was applied to all

individuals and consisted of a questionnaire for the

parents, a structured oral history for the adolescent,

and a clinical examination.

Questionnaire for the parents. The Questionnaire for the

parents consisted of five questions: ‘Do the parents of

the adolescent live together?’; ‘Have you noticed that

your son/daughter is frequently anxious?’; ‘Have you

noticed that your son/daughter is frequently sad?’;

‘Have you noticed that your son/daughter is fre-

quently nervous?’; and ‘Has your son’s/daughter’s

teacher ever mentioned whether he/she presents any

difficulty with concentration/attention during the

class?’. For each question, the parents or legal repre-

sentative could choose between ‘no’ and ‘yes’.

2. Structured oral history.

• Demographical data: gender and ethnicity, which

was established according to the Brazilian Institute

of Geography and Statistics, containing the items

Caucasian, Black, Mullato, Asian and Indian (10).

Subsequently, ethnicity was dichotomized into two

groups: Caucasian and others (Black, Mullato,

Asian and Indian).

• Menarche: a female investigator asked for menar-

che among the girls. This factor was evaluated by

the question: ‘Have you had your first menstrual

period?’ Girls could choose between ‘no’ and ‘yes’.

• Possible sleep bruxism was evaluated using the

question: ‘Have you been told, or do you notice

that you grind your teeth or clench your jaw while

sleeping at night?’ (Brazilian-Portuguese RDC/TMD
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questionnaire) (11). Participants could choose

between ‘no’ and ‘yes’. The adolescent was diag-

nosed with possible sleep bruxism when he/she

responded ‘yes’ (12).

• Possible awake bruxism was evaluated using the

question: ‘During the day, do you grind your teeth

or clench your jaw?’ (Brazilian-Portuguese RDC/

TMD questionnaire) (11). Participants could choose

between ‘no’ and ‘yes’. The adolescent was diag-

nosed with possible awake bruxism when he/she

responded ‘yes’ (12).

• Other parafunctional habits were assessed using the

question: ‘Do you have any habits like biting nails/

pens/pencils/lips/cheeks, resting the head on your

hand and chewing gum frequently?’ Participants

could choose between ‘no’ and ‘yes’.

• Bodily pain elsewhere was evaluated based on the

outcome of four questions directed on the presence

of pain in the body: ‘In the last 6 months, have

you often had pain in: (i) neck and/or shoulders;

(ii) Arms and/or legs; (iii) back; (iv) chest and/or

abdomen’. Participants who answered ‘yes’ on one

or more items were classified as having bodily pain

elsewhere.

Clinical examination of adolescent TMD pain. The Brazil-

ian-Portuguese version of the RDC/TMD (11) was

used for TMD diagnosis and classification. Of the clini-

cal examination protocol, the following questions

were used: question #3 (‘Have you had pain in the

face, jaw, temple, in front of the ear or in the ear in

the past month?’), #4a (‘How many years ago did

your facial pain begin for the first time?’) or #4b

(‘How many months 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?’).

All clinical examinations were performed by a single

investigator who was blind to the previous question-

naires and took place at the schools. TMD pain was

established when Group I and/or Group III Axis I

diagnoses, that is, myofascial pain with or without

limited mouth opening, TMJ arthralgia, and/or TMD

osteoarthritis were obtained.

Exclusion criteria

The following exclusion criteria were applied: (i) indi-

viduals referring tooth pain or acute facial pain after

recent injury; (ii) individuals using medical substances

for pain relief or substances that can act on the cen-

tral nervous system; (iii) individuals undergoing cur-

rent orthodontic or TMD treatment; (iv) individuals

with neuropsychomotor disabilities.

Pilot study and examiner training

Prior to the survey, a pilot study was conducted to

determine the feasibility and reliability of the data

collection procedure. The questionnaire for adoles-

cents and the clinical examination were tested in 77

adolescents (12–14 years old) from one of the eligi-

ble schools, at two distinct occasions with a 7-day

interval. The intra-examiner reliability of the RDC/

TMD instrument was determined using Cohen’s

kappa, which was interpreted according to Landis

and Koch. The Kappa values were 0�795 for myofas-

cial pain (with 27 positive diagnoses) and 0�884 for

arthralgia (with 10 positive diagnoses), which were

considered substantial and almost perfect, respec-

tively. To test the adolescent questionnaire, intra-

class correlation coefficients (ICC) were calculated,

using absolute agreement. The ICC was interpreted

according to Fleiss. The ICC’s ranged from fair to

good to excellent. The reliability of the questions

about sleep bruxism and pain elsewhere was consid-

ered as excellent (ICC = 0�968 and 0�869, respec-

tively), and that of questions about awake bruxism

and other parafunctional habits as fair to good

(ICC = 0�693 and 0�439, respectively). Consequently,

all questions were considered suitable for usage in

the study.

Statistical methods and data analysis

The clinical diagnosis ‘TMD pain’ was considered the

main outcome variable. Gender, ethnicity, menarche,

parafunctional habits, bodily pain complaint and psy-

chosocial aspects were considered predictor variables.

To study the association between TMD pain and each

predictor variable, single logistic regression model

analyses were performed. The variables that showed

statistical significance of P ≤ 0�10 were included in

the multiple logistic regression model to estimate a

predictive model of the likelihood to present TMD

pain. In the multiple logistic regression model, the

predictor variables with the weakest association with

TMD pain were removed. This was repeated in a

backward stepwise manner until all variables that
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were retained in the model showed a P value <0�05.
For each removed predictor variable, the p-to-exit is

reported. 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.

Results

The final sample consisted of 1307 adolescents who

had agreed to participate, had returned the written

term of consent, and were present when the evalua-

tions were performed (a response rate of 41�9%).

According to the exclusion criteria, 213 adolescents

were excluded: 178 were undergoing current ortho-

dontic or TMD treatment, and 35 were using medical

substances that could act on the central nervous sys-

tem (e.g. amitriptyline, fluoxetine, ritalin). The total

sample consisted of 595 girls (54�4%), and the major-

ity of the adolescents were caucasian (67�2%). The

average age was 12�7 � 0�7 years. TMD pain was

diagnosed in 280 (25�5%) adolescents. The prevalence

of TMD pain for each predictor variable is depicted in

Table 1.

Single regression analyses revealed that most of the

addressed predictor factors were associated with TMD

pain, except for ethnicity, menarche and sadness. The

multiple regression model identified the following fac-

tors being associated with TMD pain: sleep bruxism,

awake bruxism, other parafunctional habits and bod-

ily pain elsewhere. The odds ratios (OR) were 1�8
(95% CI = 1�34–2�34), 2�1 (95% CI = 1�56–2�83), 2�2
(95% CI = 1�17–4�08) and 5�0 (95% CI = 3�48–7�28),
respectively (Table 2). No associations were found

between TMD pain and gender and the addressed psy-

chosocial aspects in the multiple regression model.

There were no signs of multicollinearity among the

predictor variables.

Discussion

This study revealed that sleep bruxism, awake

bruxism, other parafunctional habits and bodily pain

elsewhere are associated with TMD pain in young

adolescents.

The present study had some limitations. Regarding

the sleep bruxism diagnosis, polysomnographic (PSG)

recordings are considered the gold standard that

enables a definite diagnosis (12). However, PSG is

difficult to use in large samples because of the high

costs and difficulties of accessibility. Instead of PSG,

the self-report of sleep bruxism has been widely

accepted in studies with large samples (8, 13).

Consequently, questionnaire output should be

regarded as possible sleep bruxism (12). Despite the

fact that self-reports of sleep bruxism, awake bruxism

and other parafunctional habits have a low specificity,

Table 1. Descriptive statistics of the predictor variables stratified

by the presence of TMD pain. All variables are presented as

absolute number (n) and percentages (%)

Predictor variables

Outcome variable

No TMD

n (%)

TMD pain

n (%)

Gender

Boys 386 (77�4) 113 (22�6)
Girls 428 (71�9) 167 (28�1)
Ethnicity

Caucasian 547 (74�4) 188 (25�6)
Others 263 (74�1) 92 (25�9)
Menarche*

No 91 (76�5) 28 (23�5)
Yes 337 (70�8) 139 (29�2)
Sleep Bruxism

No 527 (79�7) 134 (20�3)
Yes 287 (66�3) 146 (33�7)
Awake Bruxism

No 592 (81�1) 138 (18�9)
Yes 222 (61�0) 142 (39�0)
Other parafunctional habits

No 109 (89�3) 13 (10�7)
Yes 705 (72�5) 267 (27�5)
Bodily pain elsewhere

No 413 (91�2) 40 (8�8)
Yes 401 (62�6) 240 (37�4)
Parents living together

No 506 (76�7) 154 (23�3)
Yes 290 (71�3) 117 (28�7)
Anxiety

No 204 (81�6) 46 (18�4)
Yes 598 (72�5) 227 (27�5)
Sadness

No 661 (75�1) 219 (24�9)
Yes 144 (72�7) 54 (27�3)
Nervousness

No 493 (78�5) 135 (21�5)
Yes 315 (69�1) 141 (30�9)
Difficulty with concentration/attention

No 575 (76�6) 176 (23�4)
Yes 225 (68�8) 102 (31�2)

*Only among female group.
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the test–retest reliability revealed that the employed

questionnaire could be considered reliable for use in

this study. In future studies, the question about other

parafunctional habits should be rephrased because of

the variety of different aspects (e.g., biting on pencils,

cheeks and resting head on the hand). Another limi-

tation might be that the examiner who conducted all

physical examinations was not calibrated against a

RDC/TMD gold standard. Attempts were made to

solve this issue with proper training and retraining –

thus obtaining some sort of face validity – resulting in

intra-examiner reliability that ranged from

substantial to almost perfect. Further, even though,

the RDC/TMD was originally developed to characte-

rise TMD in adult populations, the Axis I has been

proven to be also applicable for usage in adolescents

(14). Finally, the fact that parents completed the

questionnaires might have introduced bias. A recent

Table 2. Single and multiple logistic regression models for prediction of TMD pain. For each factor included in the single regression,

the number of cases (n) included in the analysis is shown. Associations are expressed as Odds Ratio (OR) and 95% confidence interval

(CI). For each removed predictor variable, the p-to-exit is reported

Predictor variables n

Single regression

p -to-exit

Multiple regression

P value OR 95% CI P value OR 95% CI

Gender

Boys 499

Girls 595 0�041 1�3 1�01–1�76 0�219
Ethnicity

Caucasian 735

Others 355 0�915 1�0 0�76–1�36
Menarche*

No 119

Yes 476 0�240 1�0 0�47–1�90
Sleep Bruxism

No 661

Yes 433 0�000 2�0 1�52–2�63 – 0�000 1�8 1�34–2�43
Awake Bruxism

No 730

Yes 364 0�000 2�7 2�07–3�63 – 0�001 2�1 1�56–2�83
Other parafunctional habits

No 122

Yes 972 0�000 3�2 1�76–5�74 – 0�014 2�2 1�17–4�08
Bodily pain elsewhere

No 453

Yes 641 0�000 6�2 4�30–8�87 – 0�000 5�0 3�48–7�29
Parents live together

No 407

Yes 660 0�048 1�3 1�01–1�78 0�109
Anxiety

No 250

Yes 825 0�004 1�7 1�18–2�40 0�121
Sadness

No 880

Yes 198 0�491 1�0 0�80–1�60
Nervousness

No 628

Yes 456 0�000 1�6 1�11–1�98 0�327
Difficulty with concentration/attention

No 751

Yes 327 0�007 1�5 1�11–1�98 0�211

*Only among female group.
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study reported that parents seem to underestimate

their children in the way they judge their emotions.

Parents also appear to have difficulties separating their

own emotional perspective from that of their children

(15). However, it was decided beforehand that

children of that age are too young to answer such

questions reliably, making parental reports necessary.

Despite these limitations, our methodology had

some important strengths. The blinding of the study

was ensured, as the researcher who performed the

clinical examination was unaware of the question-

naire data. Moreover, this study clearly distinguished

between sleep bruxism and awake bruxism and anal-

ysed them separately as recommended in contempo-

rary literature on this topic (12).

Considering the prevalence of TMD pain, the results

of the present study revealed a relatively high rate

(viz., 25�5%) compared with an overview by Drangs-

holt and LeResche (16), in which the prevalence of

TMD pain among children and adolescents ranged

between 0�7% and 18�6%. Besides differences in

methodology, diagnostic instruments and sample

characteristics, this difference might be explained by

the fact that the nine studies that were included in

their list were all performed in (mainly northern)

European countries. There are indications that the

prevalence rate of TMD pain in adolescents who are

raised in underdeveloped and developing countries is

higher than that of adolescents raised in developed

countries. For example, two studies performed in

Brazil and Iran, both considered as developing coun-

tries, also revealed relatively high prevalence rates for

TMD pain (viz., 12�9% and 23�5%) among adoles-

cents aged from 12 to 18 years old (17, 18). In the

present study, differences in socio-economic state

were further expressed by the fact that only children

from public schools were included. It is known that

Brazilian parents, who send their children to public

schools, have in general a lower family income and a

lower educational level than parents who send their

children to private schools (19). Whether or not these

aspects contributed to the relatively high prevalence

rate in the present study needs to be clarified in

future studies.

Several studies have reported that the odds for the

presence of TMD pain were higher in adolescents

who perform parafunctional habits than for those

who don’t (7, 8, 13). Based on studies performed on

adults, it was hypothesised that pain experienced by

patients who perform such parafunctional habits may

be analogous to the mechanical overload-induced

post-exercise muscle soreness, probably caused by

sensitisation of muscle nociceptors by endogenous

substances (20). In fact, mechanical stimuli associated

with a persistent overload may prolong the nocicep-

tive excitability (20). Consequently, this process could

contribute to the initiation, maintenance and/or pro-

gression of TMD pain. In addition, experimental mod-

els showed a dose–response gradient between oro-

facial pain and bruxism (21).

Another important result that should be highlighted

is the strong association between TMD pain and bod-

ily pain, which is also observed in comparable adoles-

cent studies (3, 9). Contemporary literature suggests

that TMD pain should not be considered as an isolated

entity, but rather as part of a ‘continuum’ or inter-

related entity of a more global pain manifestation

(22). It is known that an afferent pain source in deep

structures could play an important role in the early

stages of neuroplastic changes involved in the pain

sensitisation process (20). Therefore, peripheral and/

or central sensitisation mechanisms may explain the

association among pain conditions, such as TMD pain

and bodily pain (9).

In the present study, no statistical differences were

found with respect to TMD pain between girls and

boys, and between girls with and without menarche.

The first aspect is contradictory to studies that found a

significant association between TMD pain and female

gender in adolescents (3, 7). Perhaps the adolescents

who took part in the present study were too young to

be fully affected by the effects of puberty. Puberty

usually begins between 11 and 14 years and may

extend beyond the older adolescence years (5). How-

ever, the average age of the present sample

(12�7 years old) was not distant to that of puberty

onset. Likewise, the relatively young age of the

present sample might explain why psychosocial

factors were not associated with TMD pain in the

multiple regression model. There are indications that

the association between psychosocial factors and TMD

pain is stronger in older adolescents (~16–19 years)

than in younger ones (~12–15 years old) (13).

In summary, the present study showed that sleep

bruxism, awake bruxism, other parafunctional habits

and bodily pain elsewhere are the strongest factors

associated with TMD pain in young adolescents. The

proposed important role of psychosocial factors was
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not replicated, presumably due to the relatively young

age of sample.
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