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I . Introduction

Temporomandibular disorders (TMDs) are musculoskeletal diseases in
the orofacial region and characterized with clinical symptoms such as
pains in temporomandibular joint (TM]), masticatory muscle, clicking
sound and mouth opening limitation [1]. The prevalence of these disorders
is varying yet ranging between 40-60% for whom has at least more than
one TMD [2]. In previous domestic literatures, the range of age for these
disorders (i.e., TMDs) was shown to be high in between 10-20 years old
and prevalence rate was elevated with age [3-5]. There are five major
etiological factors responsible for TMDs: occlusal condition, trauma,
emotional stress, deep pain input, and para—-functional activity [2]. Of these
factors, para—functional activities include non-functional oral habits such
as clenching, and bruxism that are mostly related with stress and sleeping
and shown as nocturnal activities.

Sleep recovers consumed and damaged human body during daytimes
and 1s important when it comes to reorganization of information as well
as other brain functions related to memories. If adequate sleeping is not
provided, mental/physical activities in normal daily life would be
significantly declined and hallucinations and psychotic aspects might be
shown in serious cases [6]. Sleeping disorders has been reported to be
responsible for pain related physical diseases and affect headache,
neuropathic pain, fibromyalgia, rheumatoid arthritis, bruxism, and orofacial
pains [7]. Likewise, although it has been widely accepted that sleeping
and pains 1s closely related each other, there is a paucity of literature
studied orofacial patients including subjects with temporomandibular
disorders; in case of South Korea, there are only two studies have been
done regarding the association between sleeping and orofacial pains by,
Lee[6] and Tae et al. [7].

An adolescent period is for rapid physical growth and critical in regards
to development of personality, emotion and sociality. Contemporary youths

however, are being exposed to various issues with learning disorders,
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sleeping disorders and drug abuses that are significantly impacting normal
life due to increases in cyber leisure activities (computer games and
internet surfing) as well as examinations-oriented education [1]. The
authors therefore would like to investigate the association between
sleeping hours and TMDs, one of orofacial pain diseases found in an

adolescent period, in Korean teenagers who lack with sleeping hours.
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0. Materials and Methods

A. Study subjects

Adolescents with TMDs, between the ages of 11 and 19, who visited
the dental clinic of Chosun University in 2012, were enrolled for the
study. Patients underwent the examinations for TMDs and the correlation
between TMDs and subjective sleeping hours was investigated. Medical
records of 522 patients (324 female patients and 198 male patients) were
analyzed except for patients either without pains/discomforts or visited
due to external injuries (Table 1). The sleeping hours were utilized for
the analysis only if a subject was able to clearly and accurately describe
their average sleeping hours. The current study was performed with an

approval of the Bioethics Review Committee (CDMDIRB 1429-171)

B. Analysis items

1. Chief complaints

Major symptoms of TMDs were included including pains and
discomforts in TM]J, clicking sound, mouth opening limitation,
malocclusion, facial asymmetry, and bruxism. Other minor complaints were
not included. Patients with more than one chief complaint were also

included and analyzed.

2. Visual Analog Scale (VAS)

The degree of pains and discomforts of chief complaints was expressed

using a scale of 1 to ten, where 10 was the highest.
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3. Para—functional habits

For para—functional habits, bruxism, clenching, gum chewing, hard food
favorite, nail/lips/inner cheek biting habits, tongue-thrusting, chin leaning,
one sided sleeping habit, snoring and unilateral chewing habit were

analyzed. Patients with more than one habit were included and analyzed.

4. Classification of arthralgia and myalgia as

diagnosis results

According to the Research Diagnostic Criteria for TemporoMandibalar
Disorder (RDC/TMD) [8], TMDs patients were diagnosed and then
classified into patients with arthralgia, patients with myalgia, and patients

with both (.e., arthralgia + myalgia).

5. Headache and pains in neck and shoulders

Headache and pains in neck and shoulders, major common complaints in

TMD patients, were analyzed.

6. Treatment period

Once diagnosed with TMDs, the treatment period was classified into

less than one month, 1-3 months, 4-6 months, and more than 6 months.

7. Distribution of sleeping hours per age

The distribution of sleeping hours per age was analyzed

C. Statistical analysis

All results were analyzed via Fisher's Exact test, and the Pearson
Chi-Square test using the SPSS window (version 18.0). Statistical

significance was defined as p<0.05.
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III. Results

A. Distribution of patients

Of a total of 522 patients, there were 198 male patients (37.9%) while
324 patients were female (62.1%). As depicted in the Figure 1 and Table
1, the patients with age of 10, 11, 12, 13 years old were accounted for
0.2%, 0.8%, 2.5%, and 5.7%, respectively. In addition, the patients with age
of 14, 15, 16, 17, 18, and 19 years old were accounted for 7.1%, 12.6%6,
1559, 17.8%, 18.6%, and 19.2%, respectively (Fig. 1, Table 1).

B. Relationship between chief complaints and

sleeping hours

Pains and discomforts in TM] were the most common chief complaint
followed by clicking sound, and mouth opening limitation yet there was no
statistical significance noted in between sleeping hours and chief

complaints (Table 2).

C. Relationship between VAS and sleeping hours

Two-third of patients complained with pain less than VAS 5 yet no
statistical significance was found in between VAS and sleeping hours
(Table 3).
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D. Relationship between para-functional habits

sleeping hours

Among all analyzed para—functional habits, one sided sleeping habit was
the most commonly claimed habit followed by unilateral chewing habit,
chin leaning, nail/lips/inner cheek biting habits, clenching, snoring, gum
chewing, hard food favorite, bruxism, and tongue-thrusting, respectively.
Similarly, there was no significant relationship between para-functional

habits and sleeping hours as well (Table 4).

E. Relationship between diagnosis results sleeping

hours

There were more patients with muscular issues compared to those with
joints or both muscle and joints. However, we were not able to find any
statistical significance between diagnosis results and sleeping hours (Table
5).

F. Relationship between headache, pains in neck

and shoulders and sleeping hours.

Approximately half of patients had either headache or pains in neck and
shoulders; mostly patients complained pains in neck and shoulders; to
note, there were more patients with both symptoms compared to those
with headache only. No significant association between each symptom and

sleeping hours was found (Table 6).

Collection @ chosun



G. Relationship between patients’ treatment period

and sleeping hours

The treatment period was mostly less than 1 month yet no significant
association between the treatment period and sleeping hours was found

(Table 7).

H. Relationship between age and sleeping hours

As patients get older, the sleeping hours were declining; this association

was statistically significant (p<0.0001) (Fig. 2, Table 8).
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Fig. 1. Distribution of patients according to age
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Table 1. Distribution of gender and age

M
Male (%) Female (%) Total (%) Viaie (yrs)ea” Ia:ge(ranale =
198 (37.93%) 324 (62.07%) 522 (100%) 16.74+0.126  16.41%0.117
Table 2. Distribution of chief complaint
sleeping hours (%)
chief complaint Total p-value®
44 5 6 7 8 91
. . 41 64 137 112 81 40 475
TMJ discomfort, pain g 5oy (13.5%) (28.8%) (23.6%) (17.1%) (8.4%) (100%)
. 22 33 52 55 38 17 217
clicking sound (101%) (15.2%) (24.0%) (25.3%) (17.5%) (7.8%) (100%)
mouth opening 6 9 26 26 17 9 93
limitation (6.5%) (9.7%) (28.0%) (28.0%) (18.3%) (9.7%) (100%) 0.766
malocclusion, 0 1 6 2 4 0 13
facial asymmetry (0%)  (7.7%) (46.2%) (15.4%) (30.8%) (0%) (100%)
. 0 0 0 0 1 1 2
bruxism (0%) (0%)  (0%)  (0%)  (50%) (50%) (100%)
l t below
T : above

* by Fisher's Exact Test
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Table 3. Evaluation of severity of pain by Visual Analog Scale (VAS)

sleeping hours (%)

VAS Total p-value*
4] 5 6 7 8 91
1 2 3 7 12 3 4 31
(6.5%) (9.7%) (22.6%) (38.7%) (9.7%) (12.9%) (100%)
9 4 5 15 13 4 4 45
(8.39%) (11.1%) (33.3%) (28.9%) (8.9%) (8.9%) (100%)
3 10 17 38 17 16 4 102
(9.8%) (16.7%) (37.3%) (16.7%) (15.7%) (3.9%) (100%)
4 8 5 24 14 16 9 76
(10.5%) (6.6%) (31.6%) (18.4%) (21.1%) (11.8%) (100%)
5 10 19 32 28 25 7 121
(8.3%) (15.7%) (26.4%) (23.1%) (20.7%) (5.8%) (100%) 0.293
6 5 8 23 18 13 7 74
(6.8%) (10.8%) (31.1%) (24.3%) (17.6%) (9.5%) (100%)
7 2 11 7 14 7 7 48
(4.2%) (22.9%) (14.6%) (29.2%) (14.6%) (14.6%) (100%)
8 2 3 4 7 3 2 21
(9.5%) (14.3%) (19.0%) (33.3%) (14.3%) (9.5%) (100%)

9 0 0 1 1 1 0 3
(0%) (0%) (33.3%) (33.3%) (33.3%) (0%) (100%)
10 1 0 0 0 0 0 1
(100%) (0%) (0%) (0%) (0%) (0%) (100%)
It below
T : above
* by Fisher's Exact Test
-9 -
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Table 4. Parafunctional habits according to sleeping hours

parafunctional sleeping hours (%)
. Total p-value*
habit 41 5 6 7 8
bruxism 10 10 25 20 18 9 92
(10.9%) (10.9%) (27.2%) (21.7%) (19.6%) (9.8%)  (100%)
. 13 20 38 30 20 15 136
clenching (9.6%) (14.7%) (27.9%) (22.1%) (14.7%) (11.0%) (100%)
. 9 10 41 24 16 8 108
gum chewing (8.3%) (9.3%) (38.0%) (222%) (14.8%) (7.4%) (100%)
. 10 12 31 25 14 15 107
hard food favorite (g 30,)  (112%) (20.0%) (23.4%) (13.1%) (14.0%) (100%)
. ” 17 29 50 44 23 18 181
naillip/cheek biting (g 400)  (16.0%) (27.6%) (24.3%) (12.7%) (9.9%)  (100%)
0.977
. 4 2 15 5 3 2 31
tongue thrusting 15 900)  (6.5%) (48.4%) (16.1%) (9.7%) (6.5%)  (100%)
. . 21 36 87 67 43 26 280
chin leaning (75%) (12.9%) (31.1%) (23.9%) (15.4%) (9.3%) (100%)
. 32 46 107 94 63 33 375
side sleep (85%) (12.3%) (28.5%) (25.1%) (16.8%) (8.8%) (100%)
snorin 12 15 33 21 24 10 115
9 (10.4%) (13.0%) (28.7%) (18.3%) (20.9%) (8.7%) (100%)
. . 22 38 96 67 41 23 287
unilateral chewing 7700y (132%) (33.4%) (23.3%) (14.3%) (8.0%) (100%)
It below
T : above

* by Pearson Chi—Square

Table 5. Distribution of arthralgia and myalgia according to sleeping hours

sleeping hours (%)

diagnosis Total p-value*
4} 5 6 7 8 9t
. 16 32 71 50 38 21 228
arthralgia (7.0%) (14.0%) (31.1%) (21.9%) (16.7%) (9.2%)  (100%)
. 1 10 15 12 10 2 50
myalgia (2.0%) (20.0%) (30.0%) (24.0%) (20.0%) (4.0%) (100%) 0424
. . 27 29 65 62 40 21 244
arthralgia+myalgia (11 49,) (11.9%) (26.6%) (25.4%) (16.4%) (8.6%)  (100%)
|t below
T : above
* by Pearson Chi—Square
- 10 -
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Table 6. Distribution of headache, neck and shoulder pain according to

sleeping hours

sleeping hours (%)

Total p-value*
4} 5 6 7 8 91
5 8 10 10 2 4 39
headache (12.8%) (20.5%) (25.6%) (25.6%) (5.1%) (10.3%)  (100%)
. 15 21 45 40 28 14 163
neck and shoulder pain (9 50) (12.9%) (27.6%) (24.5%) (17.2%)  (8:6%)  (100%) o110
headache & 11 10 11 12 11 6 61 '
neck and shoulder pain (18.0%) (16.4%) (18.0%) (19.7%) (18.0%) (9.8%)  (100%)
none 13 32 85 62 47 20 259
(5.0%) (12.4%) (328%) (23.9%) (18.1%) (7.7%)  (100%)
|t below
T : above
* by Pearson Chi—Square
Table 7. Distribution of duration of treatment according to sleeping hours
duration of sleeping hours (%)
Total p-value*
treatment 41 5 6 7 8 91
1 month 1 39 60 130 103 75 39 446
(8.7%) (13.5%) (29.1%) (23.1%) (16.8%) (8.7%)  (100%)
2 7 7 12 7 1 36
1~3 months (5.6%) (19.4%) (19.4%) (33.3%) (19.4%) (2.8%)  (100%) 0.463
- 1 0 7 1 4 1 14 '
4~6 months (7 490)  (0%)  (50.0%) (7.1%) (28.6%) (7.1%)  (100%)
103 4 7 8 2 3 26
6 months (7.7%) (15.4%) (26.9%) (30.8%) (7.7%) (11.5%)  (100%)
|t below
T : above
* by Fisher's Exact Test
- 11 -
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Table 8. Distribution of sleeping hours according to age

sleeping age (%)

hours 10 11 12 13 14 15 16 17 18 19

Total p-value*

41 0 0 1 1 1 4 8 13 12 4 44
0%) (0%) (2.3%) (2.3%) (2.3%) (9.1%) (18.2%) (29.5%) (27.3%) (9.1%) (100%)
5 0 0 0 1 1 9 19 20 11 10 71
0%) (0%) (0%) (1.4%) (1.4%) (12.7%) (26.8%) (28.2%) (15.5%) (14.1%) (100%)
6 0 0 2 1 10 21 29 34 29 25 151
0%) (0%) (1.3%) (0.7%) (6.6%) (13.9%) (19.2%) (22.5%) (19.2%) (16.6%) (100%)
2.76E-06
7 0 2 2 15 9 16 17 13 19 31 124
0%) (1.6%) (1.6%) (12.1%) (7.3%) (12.9%) (13.7%) (10.5%) (15.3%) (25.0%) (100%)
8 1 2 4 6 10 10 7 8 19 21 88
(1.1%) (2.3%) (4.5%) (6.8%) (11.4%) (11.4%) (8.0%) (9.1%) (21.6%) (23.9%) (100%)
9t 0 0 4 6 6 6 1 5 7 9 44
0%) (0%) (9.1%) (13.6%) (13.6%) (13.6%) (2.3%) (11.4%) (15.9%) (20.5%) (100%)
l 1 below
T : above

* statistically significant difference(P<0.0001) by Fisher's Exact Test

Fig.2. Comparison with sleeping hours according to age
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IV. Discussion

Sleeping is a very critical process for human life and closely related
with physical and mental health. The sleep cycle can be divided into the
non-rapid eye movement (REM) sleep which is consisted with 4 phases,
and the subsequent REM sleep. In REM sleep, there are changes in
muscle twitching of extremities and facial muscle, heartbeat as well as
breathing rate; further, other physiological changes including rapid
movement in closed eyes are also noted. The non-REM sleeping lasts
60-90 minutes per each cycle while the REM sleeping stays for about
5-15 minutes ; these cycles are repeated about 4-6 times for an average
per night. In adults, sleeping hours consist with 80% of non-REM sleep
and 20% of non-REM sleep. In the non—-REM sleep phase, syntheses of
biomacromolecules (e.g.proteins and RNA) are increased while the REM
sleep phase plays an important role in cerebral cortex and brain stem
functions. In other words, the non—-REM sleep is critical in reference to
physical rest while the REM sleep is responsible for psychic rests [2].
Given significant impacts of such sleeping phases, it seems obvious that
long-term abnormal sleeping behaviors may results numerous effects on
physical and mental health, hence warrants better understanding in
reference to sleep and pains for TMDs clinicians in particular.

Recently, Korean teenagers are having inadequate sleeping hours due to
increases in cyber-leisure activities, as results of rapid development of
information and communication technologies and academic activities. Sleep
deprivation in an adolescent period has been reported to influence on 1)
normal daily life, 2) musculoskeletal disorders and 3) the prevalence rate
of TMDs [1,9,10].

According to the study of Ko et al. [3], the prevalence rate of TMDs in

_13_
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Korean teenagers are gradually increasing, and similarly, Ok et al. [10]
also reported that numbers of patients visited for TMDs were increased
when compared between the years of 2000 and 2008. In addition, Nilsson
et al. [11] addressed that the incidence rate of TMDs are increasing with
age and more frequently shown in female. Lee and Kim [4] reported that
the prevalence rate of TMDs was highest in 10-20’s while the
male/female ratio for TMDs was 40:60. Likewise, in the this study, we
found the similar ratio of patients (the male/female ratio = 37.9:62.1)
compared to those of Lee and Kim [4] as well as Nilsson et al. [11].
Furthermore, we found that more than half TMD patients visited our
clinic was high school students; the 55.6% patients were in between the
age of 17 and 19 years old. In regards to the higher ratio in female
patients, it might be because female patients are more sensitive to pains
when compared to male while higher prevalence rate shown in the late
adolescent period could be due to excessive stress and sleep deprivation
considering that those patients were in the period for the university
entrance examination (i.e., Korean SAT).

Most adolescent patients visited our clinic due to pains in TM]J, clicking
sound and mouth opening limitation yet we were not able to find any
significant relationship between such chief complaints against sleeping
hours in this study which is somewhat similar results of Lee et al. [12]
and Lee and Kim [4]; these results indicate that pains in TM]J, clicking
sound and difficulty of mouth opening are major reasons for patients to
visit dental clinics.

Sleep recovers mental and physical fatigues from daytimes hence,
inadequate sleeping hours reduce the level ATP (adenosine triphosphate)
stored in the brain and facilitate the secretion of adrenal stress hormones
into the system thereby impairing physical and mental levels for normal
life [6]. There are several sleeping disorders frequently found in patients
with TMDs such as obstructive sleep apnea syndrome, snoring and

bruxism and these symptoms have been pointed to decrease the quality of

- 14 -
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sleeping and consequently result acute/chronic pains [7,13]. Various studies
have been done in regards to the relationship between sleeping and pains;
however most studies were dealing with post-operative pains and their
associations with sleeping status because of 1) short duration for acute
pains lasted and 2) unpredictability[13,14]. In contrast, when it comes to
chronic pains, there are a few studies investigated in patients with
headache, diabetic neuropathy, peripheral neuropathy, and musculoskeletal
disorders [16-18]. In the study, the authors utilized VAS in order to
assess the degree of pains in patients. As mentioned above, most patients
complained with pains less than VAS 5 yet no significant relationship was
found in reference to sleeping hours. Further follow up studies are
warranted because 1) chronic/acute pains were not classified and 2) the
quality of sleep was not assessed in the current study.

One of the most important factors for diagnosis and treatment of
patients with TMDs 1is determining para-functional activities. The
para—functional activities can be divided into either diurnal activity or
nocturnal activity. The diurnal activities include unconscious activities in
daytime such as clenching, bruxism, chin leaning, nail/lips/inner cheek
biting habits, tongue-thrusting, habitual gum chewing and hard food
favorite. On the other hand, when it comes to nocturnal activities, there
are sleeping habits, snoring, and bruxism [2]. Ok et al. [10] recently
addressed that para—functional activities such as clenching and chin
leaning in adolescents are significantly increased due to abusive usage of
mobile phones while Park [19] reported the association between
contributing factors and TMDs; in this factors clenching, chin leaning and
stress were found to be significantly influential. In this study, we did not
found any significant association between para—functional activities and
sleep, further studies would be necessary for sleeping disorders and their
relationship with para—functional activities.

In TMDs pains and discomforts are shown in joints and muscles due to

the properties of masticatory system. Kim et al. [1] reported that disc

_15_
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displacement with reduction and masticatory muscle disorders are most
frequently observed in adolescents with TMDs while Ok et al. [10]
discovered that joint disorders are shown more often and osteoarthritis
was significantly increased in the adolescent period. Similarly, Lee et al.
[12] found that the major lesion area was joints followed by muscles and
part of articulation. In this study, we did not find the significant
relationship between diagnosis results and sleeping hours; however, there
were more numbers of patients with either joints alone or joints and
muscles compared to those of patients with muscles only. In the
adolescent period, patients are more likely subjected to be influenced by
stress as well as para—functional activities (e.g., clenching, and propping a
chin) because of schoolwork; it seems more reasonable to consider that
such factors influenced not only muscles but also joints and adjacent
areas simultaneously thereby causing TMDs.

Although it i1s still controversial regarding effects of headache on
sleeping disorders, it is possible that sleeping disorders which may impact
on REM sleep, could induce orofacial pains by EMG activity of jaw
muscles [20-22]. In the previous studies, such as Kim et al. [23] and Lee
[6], patients with headache exhibited better subjective quality of sleeping
and Pittsburgh Sleep Quality Index (PSQI global score). In contrast, in the
study of Karibe et al. [24], the group with headache represented higher
level of sleeping difficulty compared to those of the group without
headache. In this study, we did not evaluate the quality of sleep hence it
1s difficult to make a direct comparison with other previous literatures.
Further we were not able to find a significant association between
sleeping hours and headache as well.

At this point, it is not so clear if pains induce sleeping disorder or vice
versa (i.e., sleeping disorders results in pains). Tense muscles as well as
trigger points from daytime activities may press nerves and then
subsequently result in sleeping disorders; in this, sensitivities of pains are

elevated and exacerbate sleeping disorders. Pains are further aggravated in

_16_
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which either retracted positions are maintained or trigger points are
pressed by body weight. Moldofsky [25] reported that patients with
myofascial pains (e.g., fibromyalgia) tend to have more serious sleeping
disorder. Mundt et al. [26] also demonstrated that TMDs symptoms (e.g.,
pains in neck and shoulders) are affected by the quality of sleep and Lee
[6] showed more frequent pains of head, neck and arms in poor sleepers.
In this present study, there were considerable numbers of patient
complaining pains in neck and shoulders yet association against sleeping
hours was not significant. Such complaints might be contributed by
inappropriate posture of adolescent patients while studying.

The prevalence rate of TMDs in an adolescent period has been gradually
increasing, thus making accurate diagnosis as well as pursuing appropriate
treatments for their first visit are most important. However there was no
significant association between the treatment period and sleeping hours
was noted and most patients with TMDs completed their treatment within
a month in this study. It seems likely that excessive schoolwork may
impact on the treatment period thus further active treatments and
educations are needed to prevent the aggravation of TMDs into chronic
treatment disorders.

As the age increases, the sleeping hours were decreased in this study.
Considering the significance of sleep on physical and mental health, more
attentions should be given regarding sleep and disease
prevention/treatments in the adolescent period.

In this study, we investigated the relationship between TMDs and
sleeping hours in adolescents. Since only subjective sleeping hours were
analyzed and investigated, further studies factoring the quality of sleep are
warranted. In addition, it might be necessary to find other causative

factors influencing decline in sleeping hours other than schoolwork.

- 17 -
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