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INTRODUCTION 

Sleep has been recently regarded as an indicator of health 

rather than simply a reversible behavioral state of percep-

tual disengagement from and unresponsiveness to the en-

vironment.1,2) A great number of studies have shown that 

sleep disturbances related to cardiovascular, metabolic dis-

orders, depression and chronic pain.3-6) In data collected 

from 17,465 university students in 24 countries, subjects 

with short sleep duration (less than 7 hours) had higher ad-

justed odds ratio (OR) of poor health than those with the 

reference sleep duration (7-8 hours).7)

Insufficient and poor sleep of adolescents has led to con-

cern about their physical and mental health in society and 

medical community. Several studies of optimal sleep for 

teenagers reported they needed 8-11 hours of sleep.8,9) But 

almost the whole teenagers slept for less than 8 hours par-

ticularly on school days. The meta-analysis of worldwide 
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sleep patterns said that the sleep of teenagers declined with 

age up 14 min/night per year of age and on school days, 

Asian adolescents reported sleeping about 1-2 h/day less 

than adolescent from Europe and Australia.10) To adoles-

cents undergoing developmental changes in physical and 

psychological aspects, short sleep could have more negative 

effect on health than to adults. 

The various symptoms and signs of temporomandibular 

disorder (TMD) could be influenced by multiple factors; psy-

chological distress, neuroendocrine disorders and sleep dis-

turbances.11,12) Many studies have reported the relationship 

between symptoms of TMD and poor sleep using Pittsburgh 

Sleep Quality Index (PSQI).13-17) Sleep problems were com-

plained by 77%-90% of patients with TMD.14,18) Particularly 

patients with pain-related TMD had poorer sleep quality 

than healthy controls.17) Therefore patients were highly ex-

pected to check their sleep pattern for proper diagnosis and 

treatment in TMD clinic. 

The pain is main symptom of TMD and its prevalence has 

reported between 3% and 12%.19,20) TMD pain was result-

ed from multifactorial reasons including physical disorder, 

psychological and social problems.12,21) Adolescents could be 

more vulnerable to those factors than adults. During ado-

lescence, TMD pain increases according to growing age and 

pubertal development especially in girls.19,22) Various idio-

pathic pain disorders including TMD are known to be nega-

tively influenced by inadequate sleep.12,23-25)

Most literature on sleep of TMD patients have targeted at 

adults rather than adolescents. This study aimed to investi-

gate the sleep quantity and quality of teenagers with TMD 

and to evaluate the relationship between their sleep pattern 

and clinical symptoms. 

MATERIALS AND METHODS 

1. Subjects
This study was conducted with 47 adolescent patients 

(mean age±standard deviation [SD], 15.98±1.80 years, 

26 females and 21 males) who visited the Department of 

Oral Medicine, Pusan National University Dental Hospital 

(Yangsan, Korea). The patients were examined for TMD 

analysis test and answered two questionnaires; PSQI and 

Questionnaire for TMD analysis. Numerical Rating Scale 

(NRS) was used to measure the pain intensity of patients. 

The patients selected the proper number to visualize their 

pain from no pain (NRS 0) to worst possible pain (NRS 10). 

The informed consent was obtained from all participants. 

The exclusion criteria included individuals undergoing 

toothache or painful oral diseases, neuro-psychotic diseases 

and communication disorder. The study protocol was ap-

proved by the Institutional Review Board of Pusan National 

University Dental Hospital (no. PNUDH-2015-019).

2. PSQI 
The PSQI is a valid, reliable and well-known question-

naire for assessing self-perceived sleep quality.17) 19 indi-

vidual items make seven component scores: subjective sleep 

quality, sleep latency, sleep duration, habitual sleep efficien-

cy, sleep disturbances, use of sleeping medication, and day-

time dysfunction. Each component score range from 0 to 3 

and the sum of the scores result to one global score, which, 

in excess of 5, is indicative of clinically poor sleep.26) It is 

the most commonly used tool of self-reported sleep in clini-

cal and research fields in adults.27) Recent studies suggested 

that it showed adequate reliability and validity in adoles-

cent populations.28,29)

3. Questionnaire for TMD Analysis
The questionnaire consisted of the four parts of questions 

to screen for TMD.30) There were first part with the items to 

test the function of temporomandibular joint (TMJ), second 

part for the habits or other factors affecting the symptoms 

of TMD, third part for behavior responses to pain of TMD 

and fourth part for other body parts suffering from inflam-

mation or pain. 

4. Statistical Analysis
The data did not follow the normal distribution so non-

parametric tests were used in this study. The Kruskal-Wallis 

test was used to find meaningful differences between the 

groups. The Mann-Whitney U test and Fisher’s exact test 

were used to determine significance of two groups. Logistic 

regression was used for binary variables that associated 

with sleep quality. p-values less than 0.05 were considered 

statistically significant. All statistical analyses were per-

formed using IBM SPSS Stastistic ver. 20.0 software (IBM 
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Co., Armonk, NY, USA). 

RESULTS

1. Comparison of Clinical Profiles and PSQI Data between 
Good and Poor Sleepers in Adolescents with TMD 
According to the criteria presented by PSQI,26) the subjects 

with the global score of 5 or less belonged to a good sleep-

ing group and those with the global score excess of 5 be-

came a poor sleeping group. In comparison with the good 

sleeping group, the poor sleeping group consisted of more 

females (25.00% males 75.00% females) and had less sleep 

duration (mean±SD, 6.57±1.24 hours) (p<0.05). However, 

the other items appeared no significant differences between 

PSQI good and poor sleepers (Table 1).

In PSQI scores, poor sleepers had significantly higher val-

ues in subjective sleep quality, sleep latency, sleep duration, 

sleep disturbances, daytime dysfunction and global PSQI 

score than good sleepers (p<0.05) (Table 2). 

2. Comparison of Clinical Profiles and PSQI Data between 
School Vacation and School Days in Adolescents with 
TMD 
Because sleep pattern of teenagers could be changed 

by school schedule, TMD patients were categorized into 

school vacation and school days groups according to when 

they visited in clinic. The students had spent more time to 

sleep during school vacation (7.20±1.38 hours) than during 

school days (6.10±1.26 hours) (p<0.05) (Table 3). In PSQI 

scores, the students during vacation had also more sleep 

duration than those during school days (p<0.05) (Table 4). 

The other items showed no significant differences between 

school vacation and school days. 

3. Comparison of Questionnaire for TMD Analysis 
between PSQI Good and Poor Sleepers
To evaluate the association between pain and sleep, pa-

tients with or without self-reported pain were divided into 

good and poor sleeping group according to PSQI. In com-

parison with non-painful group, painful group in following 

areas were significantly more poor sleepers: in the ear or in 

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

neck or back (p<0.05) (Table 5). Logistic regression analyses 

appeared that the same factors associated with poor sleep: 

pain in the ear or in front of the ear, in the face, jaw, throat 

or temple and in the neck or back (p<0.05) (Table 6). The 

OR were 3.97 (95% confidence interval [CI], 1.15-13.64), 

Table 1. Clinical profiles of good and poor sleepers in adolescents 

with temporomandibular disorder

Variable
Good sleeper

(n=27)

Poor sleeper

(n=20)
p-value

Gender 0.037*

   Male 16 (59.30) 5 (25.00)

   Female 11 (40.70) 15 (75.00)

Age (y) 15.56±1.85 16.55±1.61 0.550

Duration (y) 1.28±1.21 1.80±2.00 0.714

Numerical Rating Scale 3.20±2.46 4.23±2.20 0.117

Sleep duration (h) 7.77±1.49 6.57±1.24 0.010*

Bed time (h:min) 24:21±1:16 24:56±1:31 0.241

Values are presented as number (%) or mean±standard deviation.

*Significant difference between the groups (p<0.05). 

Table 2. PSQI scores of good and poor sleepers in adolescents with 

temporomandibular disorder

PSQI 
Good sleeper 

(n=27)

Poor sleeper

(n=20)
p-value

Subjective sleep quality 0.74±0.59 1.25±0.55 0.006*

Sleep latency 0.52±0.64 2.00±0.73 0.000*

Sleep duration 0.56±0.70 1.10±0.91 0.030*

Habitual sleep efficiency 0 0.10±0.31 0.097

Sleep disturbances 0.67±0.48 1.20±0.52 0.001*

Use of sleep medication 0.04±0.19 0.05±0.22 0.829

Daytime dysfunction 0.67±0.83 2.15±0.75 0.000*

Global PSQI score 3.19±1.64 7.85±1.42 0.000*

PSQI, Pittsburgh Sleep Quality Index.

Values are presented as mean±standard deviation.

*Significant difference between the groups (p<0.05). 

Table 3. Clinical profiles of school vacation and school days in 

adolescents with temporomandibular disorder

Variable
School vacation

(n=37)

School days

(n=10)
p-value

Gender 0.150

   Male 19 (51.35) 2 (20.00)

   Female 18 (48.65) 8 (80.00)

Age (y) 15.81±1.78 16.60±1.84 0.184

Duration (y) 1.24±1.24 2.66±2.30 0.089

Numerical Rating Scale 3.47±2.59 4.25±1.27 0.255

Sleep duration (h) 7.20±1.38 6.10±1.26 0.024*

Bed time (h:min) 24:28±1:17 25:01±1:04 0.332

Values are presented as number (%) or mean±standard deviation.

*Significant difference between the groups (p<0.05). 
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3.97 (95% CI, 1.15-13.64), and 4.28 (95% CI, 1.21-15.15), 

respectively. Other items of TMD questionnaire had no as-

sociations with poor sleep (data not shown). 

DISCUSSION 

Sleep occupies almost one third of our whole life. The 

sleep duration is not the meaningless time, but the im-

portant time that human needs to maintain good health. 

Extensive research has been done into a bidirectional re-

lationship between sleep and health; sleep disturbances 

contribute to the development of or deterioration of di-

verse medical and psychiatric disorders and vice versa.1,31-33) 

Previous study reported the TMD symptom in Asian ado-

lescents were related to sleep disturbance and daytime 

dysfunction,34) but this was a rare study on sleep and ado-

lescents with TMD. The relation between inadequate sleep 

and TMD symptoms has been studied considerably in 

adults, but there are few studies on this topic in adolescents. 

This study on sleep and adolescents with TMD showed 

that poor sleeping group (25.00% males, 75.00% females) 

had significantly more girls than good sleeping group 

(59.30% males, 40.70% females). This was the similar re-

sult of the previous study that sleep duration of female stu-

dents was obviously shorter than that of male students.35) 

Numerous papers reported that TMD pain was more preva-

lent in adult women than in men,36-38) and in teenage girls 

than in boys.39,40) These differences between the sexes have 

been considered responsible for estrogens, different pain 

processing mechanism and psychological factors.41,42) In ad-

dition, this study suggested that the girls’ poor sleep qual-

ity could explain the reason for high prevalence of TMD in 

females.

In analysis of PSQI, poor sleepers were obviously worse 

in subjective sleep quality, sleep latency, sleep duration, 

sleep disturbances, daytime dysfunction and global PSQI 

score than good ones (p<0.05). These were the same results 

that the Korean adults with TMD answered the questions of 

PSQI.43) The poorly sleeping adolescents with TMD showed 

the higher mean scores in sleep latency, daytime dysfunc-

tion and global PSQI score than adult patients. The teenag-

ers’ high score in the item of sleep latency could be inter-

preted that they could not fall asleep easily at night because 

Table 4. PSQI scores of school vacation and school days in 

adolescents with temporomandibular disorder

PSQI
School vacation

(n=37)

School days 

(n=10)
p-value

Subjective sleep quality 0.95±0.66 1.00±0.47 0.787

Sleep latency 1.14±1.00 1.20±1.03 0.839

Sleep duration 0.59±0.69 1.50±0.97 0.006*

Habitual sleep efficiency 0.03±0.16 0.10±0.32 0.316

Sleep disturbances 0.86±0.59 1.00±0.47 0.476

Use of sleep edication 0.05±0.22 0 0.457

Daytime dysfunction 1.16±1.07 1.80±1.03 0.117

Global PSQI score 4.78±2.84 6.60±2.17 0.065

PSQI, Pittsburgh Sleep Quality Index.

The values are presented as mean±standard deviation.

*Significant difference between the groups (p<0.05). 

Table 5. The ratio of good and poor sleepers in patients with or 

without following pain 

Pain status
Good sleeper

(n=27)

Poor sleeper

(n=20)
p-value

In front of the ear or  

in the ear

0.039*

     No pain 17 (63.00) 6 (30.00)

     Pain 10 (37.00) 14 (70.00)

In the face, jaw, throat or 

temple

0.039*

     No pain 17 (63.00) 6 (30.00)

     Pain 10 (37.00) 14 (70.00)

In neck or back 0.032*

     No pain 21 (77.80) 9 (45.00)

     Pain 6 (22.20) 11 (55.00)

Values are presented as number (%). 

*Significant difference between the groups (p<0.05).

Table 6. Logistic regression analyses for prediction of poor sleep 

quality

Predictor variable N p-value Odds ratio

95% 

confidence 

interval

Pain in front of the 

ear or in the ear

     No 27

     Yes 20 0.029* 3.97 1.15-13.64

Pain in the face, jaw, 

throat or temple

     No 27

     Yes 20 0.029* 3.97 1.15-13.64

Pain in neck or back

     No 27

     Yes 20 0.024* 4.28 1.21-15.15

*Significant difference between the groups (p<0.05).
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they used to return home late at night after private tutoring 

or they usually used smartphones and computers until go-

ing to bed (sleep latency score (mean±SD);44)adolescents vs. 

adults, 2.00±0.73 vs. 0.95±0.69). At daytime, adolescents 

generally attended the classes requiring high concentration, 

and consequently they could not function more effective-

ly in the daytimes than adults (daytime dysfunction score 

(mean±SD); adolescents vs. adults, 2.15±0.75 vs. 1.66±0.73). 

The other scores of items were slightly lower in adoles-

cents than in adults, but global PSQI score in adolescents 

(7.85±1.42) was a little higher than that in adults (7.50±2.35). 

This means that the teenagers inadequately sleeping at 

night have poorer quality of sleep than adults in that situ-

ation. Therefore the poor sleep quality could be reflected 

much more in the symptoms of TMD to adolescents than to 

adults. 

The teenagers have a tendency to stay up later at night 

with increasing age, but need to wake up early to attend 

classes on school days.45) These circumstances resulted in 

less sleep time on school nights; the mean school-night 

sleep time for Asian adolescents (7.64 hour) was signifi-

cantly less than that of European adolescents (8.44 hour).46) 

In the result of this study, the students had spent more time 

to sleep during school vacation (7.20±1.38 hours) than dur-

ing school days (6.10±1.26 hours). These sleep duration of 

both school days and vacation in Korean adolescents was 

shorter than the mean school-night sleep time in Asian ad-

olescents. Insufficient sleep of teenagers with TMD could 

lower the pain threshold, deteriorate the symptoms and re-

sult in unfavorable prognoses.47) 

Previous papers showed that the painful patients with 

TMD scored highly in PSQI and had low quality for 

sleep.15,48) But in other papers, poor sleep quality was not 

connected with pain intensity of TMD.13,16) In the data of 

this study, adolescents with pain in the ear or in front of 

the ear, in the face, jaw, throat or temple and in the neck 

or back had higher probability of poor sleep than adoles-

cents without pain in those areas. For whole patients, poor 

sleep did not appear to have a direct significant relation 

with pain intensity. These suggested that self-reported pain 

intensity, which had subjectively rated with differences 

among individuals, appeared a controversial relation with 

poor sleep and painful peri-TMJ areas and neck or back 

could be a predictor of poor sleep in adolescents with TMD. 

This study had several limitations. The sample number 

of patients was too small and having more patients would 

have given a more statistically significant results. In the 

survey of patient’s pain, the data was limited of its severity, 

condition and duration. Detailed and objective information 

for pain could help to accurately explain the relation be-

tween inadequate sleep and painful TMD. Therefore further 

study would be needed with objective data from polysom-

nography and psychological investigation in adolescents 

with TMD.

This study provided meaningful results of the association 

between poor sleep and clinical characteristics in adoles-

cents with TMD. Statistically many number of girls in poor 

sleeping group suggested that poor sleep quality could con-

tribute the greater prevalence of TMD in females than in 

males, in company with other observed gender differences. 

Pain in the ear or in front of the ear, in the face, jaw, throat 

or temple and in the neck or back could raise the possibility 

of poor sleep. Insufficient and poor sleep in juvenile could 

influence to show worse symptoms of TMD than in adults 

and be a contributing factor to exacerbate the pain and de-

velop into chronic pain. Therefore sleep quality of adoles-

cents was intensively considered to diagnose and treat TMD 

patients. 
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