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Temporomandibular disorders symptoms
in Asian adolescents and their association
with sleep quality and psychological distress
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1Center for TMD and Orofacial Pain, Peking University School, Hospital of Stomatology, Beijing, China,
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3Eleanor Roosevelt College, University of San Diego, CA, USA, 4Department of Dentistry, Alexandra Hospital, Ng
Teng Fong Hospital General and Jurong Medical Centre, Jurong Health Services, Singapore, 5School of Science
and Technology, SIM University, Singapore, 6Faculty of Dentistry, National University of Singapore, Singapore

Objectives: The aim of this study was to investigate the prevalence of temporomandibular disorders (TMD)
symptoms and their association with sleep quality and psychological distress in Chinese adolescents.
Methods: Five hundred seventy-eight adolescents were enrolled in the study and completed a
self-reported TMD symptom questionnaire and socio-demographics survey. Sleep quality and psycho-
logical distress were assessed. Descriptive statistics and logistic regression analysis were performed
with TMD symptoms as the outcome variable.
Results: The prevalence of adolescents with at least one TMD symptom was 61.4%. One-third of subjects
experienced disturbed sleep, depression, and stress; 65.2% experienced anxiety. Subjects with TMD
symptoms had greater psychological distress and disturbed sleep than those who were symptom-free.
Logistic regression analysis showed that sleep disturbance and daytime dysfunction and anxiety were
significantly related to TMD symptoms.
Discussion: The prevalence of TMD symptoms in Asian adolescents is high. Disturbed sleep and psychological
distress are correlated with TMD; thus, a further longitudinal research of the causality is warranted.

Introduction
Temporomandibular disorder (TMD) is a collective

term comprising a number of clinical problems

involving the masticatory musculature, the temporo-

mandibular joints (TMJs), and/or the associated

structures. They are a major cause of non-dental

orofacial pain. Epidemiological studies of non-

patient Caucasian populations show that approxi-

mately 50% have signs and 30% have symptoms of

TMD.1,2 Similar prevalence was also observed with

Asian populations.3,4 As TMD signs and symptoms

are more predominant among adults between

20 and 40 years old,5 the majority of researches

have been directed toward TMD in adults. Studies

on TMD in children and adolescents are rarer and

have reported increased TMD prevalence with

advancing age.6–9 Temporomandibular disorder

signs and symptoms tend to peak at age 16–19,

with up to 68% having signs and 41% experiencing

symptoms of TMD.6–17 In addition to differences in

diagnostic criteria and research methodology, ethnic

diversities may also contribute to the variances in

TMD prevalence.8,18 Temporomandibular disorder

prevalence in Asian children and adolescents has

not been widely investigated.7,14,15 Deng et al.15

studied the occurrence of TMD in 3105 Chinese

children and adolescents, aged 3–19 years. They

divided subjects into four age groups and examined

them using calibrated investigators. 18.4% of the

adolescent group aged between 12 and 19 years

(283/1539) had TMD signs, including joint sounds,

pain, and/or abnormal jaw movements. Recent anec-

dotal observation and clinical data, however, suggest

an increased prevalence of TMD in Chinese adoles-

cents. Adolescents aged between 10 and 20 years

comprised about 21% of all TMD patients seen at

a tertiary dental hospital between 2012 and 2013.19
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As the signs and symptoms of TMD are often mild,

self-limiting, and fluctuate over time, the percentage

of TMD patients seeking care is very low and

estimated to constitute only 1–2% of adolescent

TMD sufferers.9,12 The relatively large percentage

of Chinese adolescents seeking TMD management

is a worrying health trend. As available literature

cents is about two decades old, this subject matter

requires urgent and purposeful reexamination.

Psychological factors and disturbed sleep have

been implicated as potential risk indicators for

TMD and adverse TMD treatment outcome in

adult patient populations.19–22 Studies pertaining to

the association between psychological factors and

TMD in children and adolescents are limited and

were conducted primarily on non-Asian popu-

lations.17,23–25 Academic stress in adolescents is

extremely high in Asia (especially in countries like

China, Korea, and Singapore) due to parental

desires, societal demands, and educational standards.

It may result in inadequate sleep, daytime dysfunc-

tion, and psychological distress, which may contrib-

ute to incidence of TMD.17,26–29

The objective of this study was to examine the

prevalence of TMD symptoms, sleep problems,

and psychological distress in Asian adolescents. The

associations between TMD symptoms and sleep

quality as well as psychological distress in adoles-

cents were also investigated.

Materials and Methods
Subject population
The current study was approved by the Biomedical

Institutional Review Board of Peking University

School of Stomatology (PKUSSIRB-2012002).

A local middle school in Peking, China was appointed

for the research. The study was conducted between

March and April 2014 at the beginning of the school

semester. Three classes from each grade level were ran-

domly selected, resulting in amaximumof 620 students

from the six grades. Written informed consents were

obtained from all participants or their guardians if

they were younger than 18 years old. Participants

were between 12 and 18 years of age, consistent with

Armstrong’s age stratification for adolescents,30 with

no exclusion criteria. They were asked to complete a

self-reported TMD symptom questionnaire, sleep

quality, and psychometric scales, in addition to a

socio-demographic survey. Data from 578 subjects

were obtained after the removal of non-responders

and unfinished forms, and subjected to statistical anal-

ysis. 64.2% of the subjects were females and 35.8%

males, with a mean age of 15.56 + 1.70 years. The sub-

jects were divided into two groups according to

the Chinese middle school system: junior high stage

(12–15 years, n5 281) and senior high stage (16–

18 years, n5 297). The academic stresses of the two

groups were expected to differ due to school grade

levels and college entrance examinations. Subjects

were also divided into those with and without TMD

symptoms to determine the association of TMD symp-

toms with psychological distress and sleep quality.

TMD symptom questionnaire
The self-reported TMD symptom form was derived

from the Diagnostic Criteria for Temporomandibular

Disorders (DC/TMD) Symptom Questionnaire. The

questionnaire consisted of five segments, each target-

ing explicit TMD symptoms of orofacial pain, head-

ache, jaw joint noise(s), closed locking, and open

locking of the jaw.31 Subjects selected YES or NO to

indicate whether or not he/she had experienced the

specified symptom(s) in the last 30 days. The

Chinese version of the TMD symptom questionnaire

employed was developed according to the guidelines

specified by the International RDC/TMD Consor-

tium and constituted phase I (translation and cultural

adaption) and early phase II (translation validation

and documentation) of the Chinese DC/TMD instru-

ment development process. The latter is currently at

the final stages of phase I, and the pre-final instrument

is undergoing independent review prior to inter-

national posting and deployment.

Sleep quality and psychometric scales
Chinese versions of the Pittsburgh Sleep Quality Index

(CPSQI) and the Depression, Anxiety, and Stress

Scales-21 (DASS-21) were used to evaluate sleep

quality and psychological distress. The CPSQI has

good internal consistency, reliability, and construct

validity,32 and comprises seven components, including

subjective sleep quality (A), sleep latency (B),

sleep duration (C), sleep efficiency (D), sleep

disturbance (E), use of sleeping medication (F), and

daytime dysfunction (G). The PSQI has been widely

used for studying adolescent populations (including

Chinese adolescents) and is well validated.33–39 Bei

reported a positive correlation between subjec-

tive sleep status of adolescent students assessed using

the PSQI and objective sleep status assessed using

wrist-worn actigraphy (Actiwatch-64; Mini Mitter,

Bend, OR, USA). The latter is well tolerated and

has been validated in adolescent populations.34,40

A total score (t-CPSQI) of w5 yielded a sensitivity

and specificity of 98 and 55%, while a t-CPSQI

of w6 yielded a sensitivity and specificity of 90 and
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67% in community dwelling adults with primary

insomnia.32 A total score (t-CPSQI) of 6 was desig-

nated as the cutoff point for poor sleep quality in

this study due to its better sensitivity and specificity.

Temporomandibular disorder patients, in contrast,

had t-CPSQI scores greater than 9 and were deemed

to have moderate to severe disturbed sleep.41

DASS-21 is the abridged version of DASS-42.

It consists of 21 self-report items reflecting the

negative emotional symptoms of depression, anxiety,

and stress. Although DASS-21 omits the overlapping

items between anxiety and stress subscales of

DASS-42, it has been found to have adequate

reliability. The Chinese version of DASS-21 has

been validated and was reported to have high internal

consistency and composite reliability as well as good

construct and criterion-related validity.42 Each

item is rated on a four-point Likert scale of severity

or frequency experienced over the past week. Psycho-

logical distress (depression, anxiety, and stress) are

classified into normal, mild, moderate, severe,

and extremely severe, according to computed scores

from the developer’s algorithm.42,43

In this study, patients were considered positive for

disturbed sleep, depression, anxiety, and stress if

t-CPSQI was i7, depression scale score was i10,

anxiety scale score was i8, and stress scale score

was i15, respectively.

Statistical analysis
Independent-samples test and Chi-square tests

were used to compare average scores and the preva-

lence of disturbed sleep and psychological distress

between subjects. Step-wise logistic regression anal-

ysis was used to determine disturbed sleep/psycho-

logical distress as possible risk indicators for TMD.

Variables including sex, age, junior and senior high

stages, school grade level, sleep quality, depression,

anxiety, and stress were independently analyzed at

a significance level of v 0.05. All data analysis

was conducted using SPSS software version 20.0.

Results
Self-reported TMD symptoms
A high prevalence of TMD symptoms was observed in

Chinese adolescents. At least one symptom was

reported by 61.4% of subjects, and 32.4% had two or

more symptoms. The most common reported TMD

symptom was orofacial pain, followed by jaw joint

noise(s) and headache (Figure 1). No gender difference

was observed for the various TMD symptoms, with

the exception of jaw joint noise(s) where

a significantly higher percentage of females were

observed (Figure 1). The prevalence of at least one

TMD symptom tended to increase with advancing

age from 45.5% at age 12 to 65.5% at age 18 (Figure     2).

Psychological distress and sleep disturbance
AhighproportionofChinese adolescents also reported

symptoms of psychological distress and sleep disturb-

ance. Approximately one-third of subjects reported

indicators for depression, stress, and disturbed sleep,

while 65.2% suffered from anxiety (Figure         3). Of particu-

lar concern is the high fraction of adolescents who

scored moderate to (extremely) severe for the DASS-

21.Moderate to (extremely) severe depression, anxiety,

and stress symptoms were experienced by 19.3, 54.7,

and 23.8%, respectively. Excluding anxiety (54.6% for

male and 71.2% for female, 0.05), no significant

gender difference was noted in the prevalence of

psychological distress. Depression, stress, and

Figure 1 Prevalence of temporomandibular disorder (TMD)

symptoms in the total sample and among female/male

subjects. No significant gender difference was observed,

except for jaw joint noise(s) * < 0.05.

Figure 2 Prevalence of at least one self-reported temporo-

mandibular disorder (TMD) symptom, psychological

distress, and disturbed sleep at each age group. Linear-

by-linear association with age group: TMD symptom

( 0.05), depression (p 0.05), anxiety (p 0.12), stress

( < 0.01), disturbed sleep (p < 0.05).
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disturbed sleep, in addition to TMD symptoms also

tended to increase with age (Figure      2).

Comparison between junior and senior high
school subjects
The prevalence of at least one self-reported TMD

symptom (65.3%), depression (39.1%), anxiety

(69.0%), stress (40.4%), and disturbed sleep (35.7%)

in the senior high stage (16–18 years) was all signifi-

cantly greater than in the junior high stage

(12–15 years) ( v 0.05). Prevalence for the junior

high group was as follows: at least one self-reported

TMD symptom (57.3%), depression (30.2%), anxiety

(61.2%), stress (31.0%), and disturbed sleep (27.4%).

Comparison between subjects with and without
TMD symptoms
Results of independent samples showed that

subjects with TMD symptoms had significantly

higher scores for psychological distress and disturbed

sleep than those without TMD symptoms ( v 0.05).

The prevalence of psychological distress and disturbed

sleep in the group with TMD symptoms was also

significantly higher (Table 1). Most sleep components

also scored higher in the group with TMD symptoms,

with the exception of sleep efficiency (D) and use of

sleep medication (F ) (Table 1).

Comorbidity of disturbed sleep and
psychological distress
Disturbed sleep and psychological distressmay occur in

the same subject either simultaneously or sequen-

tially.19,20 In the present study, the occurrenceof comor-

bid disturbed sleep and at least one negative emotional

state of depression, anxiety, or stress was 27.9%.

Prevalence was significantly higher in subjects with

TMD symptoms (34.10%) when compared to subjects

who were symptom-free (17.90%) ( v 0.01).

Psychological distress and disturbed sleep as
possible TMD risk indicators
Stepwise logistic regression analysis demonstrated

that disturbed sleep and anxiety were possible risk

indicators for TMD symptoms in Chinese adolescents

with odds ratios (OR), 1.74 and 2.16, respectively.

As for specific sleep problems, two components of the

CPSQI (E and G) were found to be possible risk indi-

cators for TMD symptoms. Odds ratios were 1.58 and

1.43 for sleep disturbance (E) and daytime dysfunction

(G), respectively. P values were significant even after

controlling for other variables ( v 0.01) (Table 2).

Discussion
Approximately 30% of the general population has

symptoms of TMD.1–4 In the present study, the

prevalence of TMD symptoms in Asian adolescents

was found to be considerably higher, with 61.4% of

subjects reporting one or more TMD symptom/s.

Temporomandibular disorders symptom prevalence

in non-Asian adolescents of similar age was only

20–41%.10,12,44 The present study focused only on

the symptoms of TMD as specified in the DC/

TMD. Subjective TMD symptoms are associated

with objective and observable signs of TMD.45 The

frequency of TMD signs is, however, usually greater

than symptoms, as subjects often do not notice or

recognize the symptoms of TMD.9 The occurrence

of TMD signs in non-Asian adolescents was reported

to range from 10 to 67.6%.6,8,11,16,17,44 Prevalence of

TMD signs in Asian adolescents is anticipated to be

even higher given the pervasiveness of TMD

symptoms, and warrants further exploration. The

prevalence of TMD in Asian adolescents was only

10–20% in the past century.7,14,15 The current study

indicates a substantial and perturbing increase in

TMD prevalence in Asian adolescents and explains

in part the high proportion of adolescents seeking

care at the authors’ TMD clinic.19

The etiology of TMD is multifactorial with

trauma, anatomical, pathophysiologic (including

genetics), and psychosocial factors acting alone or

in combination. Studies have shown that TMD

patients have higher levels of psychological and

affective distress, and validated the important role

that psychosocial factors play in predisposing,

precipitating, and perpetuating TMD.19–22 In the

authors’ previous study, the frequency of moderate

to severe psychological distress and disturbed sleep

Figure 3 Prevalence of psychological distress and disturbed

sleep. Percentage of subjects with mild, moderate, and

(extremely) severe psychological distress and mild to

moderate/severe disturbed sleep variable are also indicated.
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in TMD patients that was mainly constituted by

adults was 17.6% for depression, 36.5% for anxiety,

17.5% for stress, and 7.1% for disturbed sleep.19

The percentage of subjects who scored moderate to

severe for depression (19.3), anxiety (54.7), and

stress (23.8) was higher in the present adolescent

cohort (Figure 3). The findings suggest that Chinese

school adolescents may be suffering from higher

levels of psychological distress than adults. The

latter may be attributed in part to academic stress,

which has been described as mental distress with

respect to some anticipated frustration associated

with academic failure or even unawareness to the

possibility of such failure.46 Recognized academic

stressors include fear of falling behind, finding motiv-

ation, time pressures, as well as concerns about aca-

demic ability, grades, and time management.

Prevalence of depression (34.9%) and anxiety

(65.2%) in the Chinese adolescents was higher than

those of non-Asian adolescents. Bonjardim ,

using the Hospital Anxiety and Depression Scale

(HADS), reported the presence of depression and

anxiety in 26.7 and 16.6% of Brazilian adolescents,

respectively.24

Table 1 Comparison of average scores and prevalence of disturbed sleep and psychological distress for subjects with/with-
out at least one self-reported temporomandibular disorder (TMD) symptom.

TMD symptom group No of TMD symptom group P
n5 355 n5 223

Disturbed sleep Average score
(t-CPSQI) Mean z SD 5.91 z 2.59 4.65 z 2.91 t5 5.46 v0.01

Prevalence (%) 38.3 21.1 X 2 5 18.81 v0.01
PSQI-A Mean z SD 1.02 z 0.70 0.79 z 0.73 t5 3.75 v0.01
PSQI-B Mean z SD 0.82 z 0.84 0.66 z 0.80 t5 2.18 v0.05
PSQI-C Mean z SD 1.02 z 0.79 0.86 z 0.81 t5 2.37 v0.05
PSQI-D Mean z SD 0.15 z 0.46 0.13 z 0.46 t5 0.68 0.5
PSQI-E Mean z SD 0.94 z 0.46 0.73 z 0.56 t5 4.76 v0.01
PSQI-F Mean z SD 0.05 z 0.32 0.05 z 0.26 t5 0.01 0.99
PSQI-G Mean z SD 1.92 z 0.89 1.43 z 1.01 t5 6.16 v0.01
Depression Average score

Mean z SD 8.81 z 8.20 6.38 z 7.21 t5 3.63 v0.01
Prevalence (%) 38.3 29.1 X 2 5 5.07 v0.05

Anxiety Average Score
Mean z SD 13.28 z 8.85 8.76 z 7.56 t5 6.32 v0.01
Prevalence (%) 74.4 50.7 X 2 5 33.90 v0.01

Stress Average Score
Mean z SD 14.16 z 8.90 10.19 z 8.95 t5 5.21 v0.01
Prevalence (%) 42.5 25.1 X 2 5 18.09 v0.01

Table 2 Variables and risk indicators for self-reported temporomandibular disorder (TMD) symptoms.

TMD symptom group 5 355 No TMD symptom group 5 223 OR (95% CI)

Sex (%)
Male 34.10 38.60 0.98 (0.67–1.44)
Female 65.90 61.40
Age (years) 15.68+1.66 15.37+1.75 0.87 (0.61–1.24)
School stage (%)
Junior high 45.40 53.80 0.80 (0.27–2.39)
Senior high 54.60 46.20
School grade level (%)
Junior high 1 13.00 20.20 0.59 (0.33–1.06)
Junior high 2 9.60 12.10 0.81 (0.42–1.56)
Junior high 3 17.70 18.40 0.82 (0.47–1.43)
Senior high 1 17.20 12.60 1.29 (0.71–2.37)
Senior high 2 17.50 17.50 0.89 (0.50–1.57)
Senior high 3 25.10 19.30 1.00
Disturbed sleep (%) 38.30 21.10 1.74 (1.16–2.62)**
PSQI-E (sleep disturbance) Mean z SD

0.94 z 0.46 0.73 z 0.56 1.58 (1.09–2.30)**
PSQI-G (daytime dysfunction) Mean z SD

1.92 z 0.89 1.43 z 1.01 1.43 (1.17–1.75)**
Depression (%) 38.30 29.10 0.73 (0.47–1.14)
Anxiety (%) 74.40 50.70 2.16 (1.46–3.19)**
Stress (%) 42.50 25.10 1.45 (0.97–2.18)

OR: odds ratio; CI: confidence interval; **P v 0.01.
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Psychological distress was significantly more

common in subjects with TMD symptoms than

those without symptoms (Table 1). In the present

study, 61.4% of adolescents had one or more TMD

symptoms, of which depression, anxiety, and stress

was present in 38.3, 74.4, and 42.5%, respectively.

Diniz studied the relation of psychological fac-

tors to TMD in high school students 6 months and

1 week before college entrance examinations.17

At the beginning of the semester (i.e. 6 months

before college entrance examinations), 36.4% of sub-

jects suffered from TMD, of which 65% presented

with anxiety and 70% presented stress. One week

before college entrance examinations, the percentage

of subjects with TMD increased to 50.9, and almost

all subjects with TMD had anxiety and stress. Their

findings were consistent with the elevated prevalence

of TMD symptoms in the senior high stage in the

present study. Students preparing to take major

examinations are therefore a potential risk for devel-

oping TMD. Stepwise logistic regression analysis

further demonstrated that psychological factors

other than age were possible risk indicators, with

the OR 1.74 and 2.16 for disturbed sleep and anxiety,

respectively (Table 2). Sleep problems that often

coexist with psychological distress have also been

proven to be a risk indicator of TMD.19–21

No significant gender difference was found in the

prevalence of the various TMD symptoms with the

exception of jaw joint noise(s). Observations corro-

borated those of previous studies,9,13,15,16 and may

be explained by the fact that hormonal (estrogen)

effect alone does not play a significant role in the

initiation of TMD symptoms,47 especially in patients

who are not of child-bearing age. Most of the afore-

mentioned studies, which largely ended at age 12, did

not take pubertal effects into consideration. Gender

differences in post-pubertal females were not

adequately investigated, and further studies on hor-

monal relationship to TMD in adolescents are war-

ranted. The lack of gender difference in TMD

symptoms may also be contributed by the overall

absence of gender difference in psychological distress

among Chinese adolescents.

Although the prevalence of TMD symptoms tends

to increase with advancing age, stepwise logistic

regression analysis indicated that disturbed sleep

and anxiety, rather than age or school grade level

per se, increase the risk of TMD symptoms.

Academic pressure from parents and society is

great in Asia. College entrance examinations in

Asia, which are highly competitive, can result in

psychological distress over school/future successes

as well as fewer hours of sleep and daytime dysfunc-

tion.17,26–29 Greater academic pressures lead to

higher levels of psychological distress, which in turn

results in increased TMD symptoms.17 The afore-

mentioned explains the higher prevalence of psycho-

logical distress, disturbed sleep, and TMD symptoms

in senior high students when compared to junior high

students. It also helps expound on the positive

relationships between age and TMD symptoms in

children and adolescents, especially if psychosocial

factors were not considered.

Conclusions
In conclusion, the prevalence of self-reported TMD

symptoms, psychological distress, and disturbed

sleep is found to be high, and tends to increase with

advancing age in Chinese adolescents. Adolescents

with self-reported TMD symptoms are found to have

more severe psychological distress and disturbed

sleep than those who are symptom-free. Comorbidity

of disturbed sleep and at least one negative emotional

state is more pronounced in adolescents with TMD

symptoms than those without symptoms. Stepwise

logistic regression analysis indicates that disturbed

sleep and anxiety are comorbid conditions, and are

possible risk indicators for TMD symptoms.

Although the present study has yielded some sig-

nificant findings, the case–control and cross-sectional

design employed is not without flaws. It remains vul-

nerable to biases, and definitive conclusions on caus-

ality between psychological distress/sleep quality and

TMD symptoms cannot be made. Psychological dis-

tress and sleep disturbance were thus considered

possible risk indicators rather than risk factors.

While the sample size was comparatively larger

than other studies on TMD in adolescents, it

involved only a single school and province in

China. A nation-wide survey is necessary for a

more complete understanding of TMD and psycho-

logical distress in Chinese adolescents. The study,

however, served as an operationalized pilot study

for the latter, and there are plans to extend it to

other schools and provinces in China. Future studies

could also include the assessment of objective TMD

signs, as some self-reported symptoms like orofacial

pain and headache may not be exclusive to TMD.

Disclaimer Statements

Contributors All the contributors have participated in

conceiving and designing the study, obtaining ethics

approval, collecting the data, analyzing the data,

interpreting the data, writing the article in whole or

in part, and revising the article.

Lei et al. TMD symptoms in Asian adolescents

et al.

247CRANIOt: The Journal of Craniomandibular & Sleep Practice 2016 VOL. 34 NO. 4



Funding

Conflicts of interest The authors declare that they

have no conflict of interests.

Ethics approval The study was approved by the

Biomedical Institutional Review Board of PekingUni-

versity School of Stomatology (PKUSSIRB-2012002).

References
1 De Kanter RJ, Truin GJ, Burgersdijk RC, Van THM,
Battistuzzi PG, Kalsbeek H, et al. Prevalence in the Dutch adult
population and a meta-analysis of signs and symptoms of
temporomandibular disorder. J Dent Res. 1993;72(11):1509–18.

2 Gesch D, Bernhardt O, Alte D, Schwahn C, Kocher T, John U,
Prevalence of signs and symptoms of temporomandibular

disorders in an urban and rural German population: results of a
population-based study of health in Pomerania. Quintessence
Int. 2004;35(2):143–50.

3 Okimoto K, Matsuo K, Moroi H, Terada Y. Factors correlated
with craniomandibular disorders in young and older adults.
Int J Prosthodont. 1996;9(2):171–78.

4 Pow EH, Leung KC, McMillan AS. Prevalence of symptoms
associated with temporomandibular disorders in Hong Kong
Chinese. J Orofac Pain. 2001;15(3):228–34.

5 Yap AU, Dworkin SF, Chua EK, List T, Tan KB, Tan HH.
Prevalence of temporomandibular disorder subtypes, psycholo-
gic distress, and psychosocial dysfunction in Asian patients.
J Orofac Pain. 2003;17(1):21–28.

6 Grosfeld O, Jackowska M, Czarnecka B. Results of epidemio-
logical examinations of the temporomandibular joint in adoles-
cents and young adults. J Oral Rehabil. 1985;12(2):95–105.

7 Motegi E, Miyazaki H, Ogura I, Konishi H, Sebata M.
An orthodontic study of temporomandibular joint disorders.
Part 1: epidemiological research in Japanese 6-18 year olds.
Angle Orthod. 1992;62(4):249–56.

8 Thilander B, Rubio G, Pena L, de Mayorga C. Prevalence of
temporomandibular dysfunction and its association with
malocclusion in children and adolescents: an epidemiologic
study related to specified stages of dental development. Angle
Orthod. 2002;72(2):146–54.

9 Kohler AA, Helkimo AN, Magnusson T, Hugoson A.
Prevalence of symptoms and signs indicative of temporoman-
dibular disorders in children and adolescents. A cross-sectional
epidemiological investigation covering two decades. Eur Arch
Paediatr Dent. 2009;10(Suppl 1):16–25.

10 Nilner M. Prevalence of functional disturbances and diseases of
the stomatognathic system in 15-18 year olds. Swed Dent J.
1981;5(5-6):189–97.

11 Wanman A, Agerberg G. Two-year longitudinal study of signs
of mandibular dysfunction in adolescents. Acta Odontol Scand.
1986;44(6):333–42.

12 Wanman A, Agerberg G. Two-year longitudinal study of symp-
toms of mandibular dysfunction in adolescents. Acta Odontol
Scand. 1986;44(6):321–31.

13 Keeling SD, McGorray S, Wheeler TT, King GJ. Risk factors
associated with temporomandibular joint sounds in children 6
to 12 years of age. Am J Orthod Dentofacial Orthop. 1994;
105(3):279–87.

14 Verdonck A, Takada K, Kitai N, Kuriama R, Yasuda Y,
Carels C, The prevalence of cardinal TMJ dysfunction
symptoms and its relationship to occlusal factors in Japanese
female adolescents. J Oral Rehabil. 1994;21(6):687–97.

15 Deng YM, Fu MK, Hagg U. Prevalence of temporomandibular
joint dysfunction (TMJD) in Chinese children and adolescents.
A cross-sectional epidemiological study. Eur J Orthod. 1995;
17(4):305–09.

16 Sonmez H, Sari S, Oksak OG, Camdeviren H. Prevalence of
temporomandibular dysfunction in Turkish children with
mixed and permanent dentition. J Oral Rehabil. 2001;28(3):
280–85.

17 Diniz MR, Sabadin PA, Leite FP, Kamizaki R. Psychological
factors related to temporomandibular disorders: an evaluation

of students preparing for college entrance examinations. Acta
Odontol Latinoam. 2012;25(1):74–81.

18 Wu N, Hirsch C. Temporomandibular disorders in German
and Chinese adolescents. J Orofac Orthop. 2010;71(3):187–98.

19 Lei J, Liu MQ, Yap AU, Fu KY. Sleep disturbance and
psychologic distress: prevalence and risk indicators for tempor-
omandibular disorders in a Chinese population. J Oral Facial
Pain Headache. 2015;29(1):24–30.

20 Selaimen CM, Jeronymo JC, Brilhante DP, Grossi ML. Sleep
and depression as risk indicators for temporomandibular
disorders in a cross-cultural perspective: a case-control study.
Int J Prosthodont. 2006;19(2):154–61.

21 Smith MT, Wickwire EM, Grace EG, Edwards RR,
Buenaver LF, Peterson S, Sleep disorders and their associ-
ation with laboratory pain sensitivity in temporomandibular
joint disorder. Sleep. 2009;32(6):779–90.

22 Kindler S, Samietz S, Houshmand M, Grabe HJ, Bernhardt O,
Biffar R, Depressive and anxiety symptoms as risk factors
for temporomandibular joint pain: a prospective cohort study
in the general population. J Pain. 2012;13(12):1188–97.

23 List T, Wahlund K, Larsson B. Psychosocial functioning and
dental factors in adolescents with temporomandibular disorders:
a case-control study. J Orofac Pain. 2001;15(3):218–27.

24 Bonjardim LR, Gaviao MB, Pereira LJ, Castelo PM. Anxiety
and depression in adolescents and their relationship with
signs and symptoms of temporomandibular disorders. Int J
Prosthodont. 2005;18(4):347–52.

25 Pereira LJ, Pereira-Cenci T, Pereira SM, Cury AA,
Ambrosano GM, Pereira AC, Psychological factors and
the incidence of temporomandibular disorders in early adoles-
cence. Braz Oral Res. 2009;23(2):155–60.

26 Gau SF, Soong WT. Sleep problems of junior high school
students in Taipei. Sleep. 1995;18(8):667–73.

27 Gau SF, Soong WT. The transition of sleep-wake patterns in
early adolescence. Sleep. 2003;26(4):449–54.

28 Liu X, Zhou H. Sleep duration, insomnia and behavioral
problems among Chinese adolescents. Psychiatry Res. 2002;
111(1):75–85.

29 Chung KF, Cheung MM. Sleep-wake patterns and sleep
disturbance among Hong Kong Chinese adolescents. Sleep.
2008;31(2):185–94.

30 In: Armstrong T, editor. The Human Odyssey: Navigating the
Twelve Stages of Life. New York, NY: Sterling; 2007.

31 Schiffman E, Ohrbach R, Truelove E, Look J, Anderson G,
Goulet JP, Diagnostic criteria for temporomandibular
disorders (DC/TMD) for clinical and research applications:
recommendations of the International RDC/TMD Consortium
Network* and Orofacial Pain Special Interest Group{. J Oral
Facial Pain Headache. 2014;28(1):6–27.

32 Tsai PS, Wang SY, Wang MY, Su CT, Yang TT, Huang CJ,
Psychometric evaluation of the Chinese version of the

Pittsburgh sleep quality index (CPSQI) in primary insomnia
and control subjects. Qual Life Res. 2005;14(8):1943–52.

33 Chen TY, Chou YC, Tzeng NS, Chang HA, Kuo SC, Pan PY,
Effects of a selective educational system on fatigue, sleep

problems, daytime sleepiness, and depression among senior
high school adolescents in Taiwan. Neuropsychiatr Dis Treat.
2015;11:741–50.

34 Bei B, Byrne ML, Ivens C, Waloszek J, Woods MJ,
Dudgeon P, Pilot study of a mindfulness-based, multi-
component, in-school group sleep intervention in adolescent
girls. Early Interv Psychiatry. 2013;7(2):213–20.

35 Zhou HQ, Shi WB, Wang XF, Yao M, Cheng GY, Chen PY,
An epidemiological study of sleep quality in adolescents in

South China: a school-based study. Child Care Health Dev.
2012;38(4):581–87.

36 Zhou HQ, Yao M, Chen GY, Ding XD, Chen YP, Li DG.
Functional gastrointestinal disorders among adolescents with
poor sleep: a school-based study in Shanghai, China. Sleep
Breath. 2012;16(4):1211–18.

37 Megdal SP, Schernhammer ES. Correlates for poor sleepers in
a Los Angeles high school. Sleep Med. 2007;9(1):60–3.

38 Cheung LM, Wong WS. The effects of insomnia and internet
addiction on depression in Hong Kong Chinese adolescents:
an exploratory cross-sectional analysis. J Sleep Res. 2011;
20(2):311–17.

Lei et al. TMD symptoms in Asian adolescents

7

 There is no funding for the study.

et al.

et al.

et al.

et al.

et al.

et al.

et al.

et al.

et al.

et al.

248 CRANIOt: The Journal of Craniomandibular & Sleep Practice 2016 VOL. 34 NO. 4



39 Kaneita Y, Yokoyama E, Harano S, Tamaki T, Suzuki H,
Munezawa T, Associations between sleep disturbance
and mental health status: a longitudinal study of
Japanese junior high school students. Sleep Med. 2009;10(7):
780–86.

40 Weiss AR, Johnson NL, Berger NA, Redline S. Validity of
activity-based devices to estimate sleep. J Clin Sleep Med.
2010;6(4):336–42.

41 Yatani H, Studts J, Cordova M, Carlson CR, Okeson JP. Com-
parison of sleep quality and clinical and psychologic character-
istics in patients with temporomandibular disorders. J Orofac
Pain. 2002;16(3):221–28.

42 Gong X, Xie XY, Xu R, Luo YJ. Psychometric properties of
the Chinese versions of DASS-21 in Chinese college students.
Chin J Clin Psychol. 2010;18(4):443–46.

43 Lovibond SH, Lovibond PF. Manual for the Depression
Anxiety Stress Scales. Sydney: Psychology Foundation; 1995.

44 Feteih RM. Signs and symptoms of temporomandibular
disorders and oral parafunctions in urban Saudi Arabian
adolescents: a research report. Head Face Med. 2006;2:25.

45 Bonjardim LR, Gaviao MB, Pereira LJ, Castelo PM,
Garcia RC. Signs and symptoms of temporomandibular dis-
orders in adolescents. Braz Oral Res. 2005;19(2):93–98.

46 Lal K. Academic stress among adolescent in relation to
intelligence and demographic factors. Am Int J Res Humanities
Arts Soc Sci. 2013;5(1):123–29.

47 Weiler RM, Santos FM, Kulic MA, De Souza LM, Pardini SR,
MoriM, Prevalence of signs and symptoms of temporoman-
dibular dysfunction in female adolescent athletes andnon-athletes.
Int J Pediatr Otorhinolaryngol. 2013;77(4):519–24.

Lei et al. TMD symptoms in Asian adolescents

et al.

et al.

249CRANIOt: The Journal of Craniomandibular & Sleep Practice 2016 VOL. 34 NO. 4




