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deterioration by subgroup

of painful temporomandibular
disorder based on diagnostic
criteria for temporomandibular
disorders

Yeon-Hee Lee™ & Q-Schick Auh

Chronic pain conditions, including temporomandibular disorders, are closely related to poor

sleep quality. This study investigated whether sleep deterioration in patients with painful
temporomandibular disorder differed depending on the origin of pain, and also analyzed which
clinical disease characteristics and whether psychological distress affected sleep quality. A total of 337
consecutive patients (215 women; mean age, 33.01 + 13.01 years) with painful temporomandibular
disorder (myalgia [n=120], temporomandibular joint arthralgia [n=62], mixed joint-muscle
temporomandibular disorder pain [n=155]), who were assessed and classified based on the diagnostic
criteria for temporomandibular disorder (DC/TMD), were enrolled. They completed a battery of
standardized reports on clinical sign and symptoms, and answered questions on sleep quality,
excessive daytime sleepiness, and patients’ psychological status. The mean global Pittsburgh Sleep
Quality Index scores were significantly higher in the mixed temporomandibular disorder pain group
(6.97 + 3.38) and myalgia group (6.40 + 3.22) than in the arthralgia group (5.16 + 2.94) (p=0.001). Poor
sleepers were significantly more prevalent in the mixed temporomandibular disorder pain group
(76.8%) and myalgia group (71.7%) than in the arthralgia group (54.8%) (p=0.006). The presence of
psychological distress in the myalgia group (=1.236, p=0.022), global severity index of the Symptom
Checklist-90-Revised in the arthralgia group (B=1.668, p=0.008), and presence of headache (f=1.631,
p=0.002) and self-reported sleep problems (B=2.849, p<0.001) in the mixed temporomandibular
disorder pain group were associated with an increase in the Pittsburgh Sleep Quality Index score.
Ultimately, as the source of pain in painful temporomandibular disorder can affect and determine
sleep quality and contributing factors, and as the complex interplay between sleep and pain can vary,
a comprehensive treatment approach is necessary because good sleep is required by patients.

Humans sleep for a quarter to a third of their lifetime. Although human activity decreases during sleep, sleep
is essential for health and pain control. Humans engage in certain productive activities while awake but obtain
crucial health benefits during sleep, such as energy conservation, immune function regulation, homeostasis
maintenance, memory consolidation, growth and recovery of the body, and psychological relaxation during
sleep!. Therefore, good sleep quality is a key factor underlying good daytime performance, emotional well-being,
physical health, and pain control. Vice versa, poorer sleep quality is predicted by higher pain severity, poorer
brain functioning, and greater psychologic distress®. Sleep deterioration, pain, and psychological distress are
interlinked and inseparable.

Temporomandibular disorder (TMD) is an umbrella term for heterogeneous pain and dysfunction in the
temporomandibular joint (TM]) and masticatory muscle regions. Approximately 39% of the population has at
least one sign or symptom of a TMD, and 25% have pain related to a TMD?. TMD has a multifactorial etiology.
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TMD is caused by the accumulation of daily microtraumas in the TMJ area due to parafunctional oral habits, such
as bruxism and clenching. However, macrotrauma, psychological distress, and sleep problems also contribute
to its development®. TMD is best understood within a biopsychosocial framework®. Following the publication
of the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) in 1992, the Diagnostic
Criteria for TMD (DC/TMD), a revised version that can be used for practical diagnosis in the clinical field, was
published in 2014°. In TMD diagnosis based on the DC/TMD Axis I, myalgia and arthralgia of the TMJ are the
two main sub-diagnoses of TMD. In general, arthralgia is described as a well-defined inflammatory process, and
the number of painful joints is related to poor sleep quality’. In contrast, chronic myalgia is caused by enigmatic
pathophysiological mechanisms considered to be a pain syndrome and which interferes with both the quantity
and quality of sleep®®.

The Pittsburgh Sleep Quality Index (PSQI) is an internationally widely used instrument for assessing self-
perceived sleep quality and is well validated and reliable. According to previous RDC/TMD- and PSQI-based
study, poor sleep quality is found in 60.3% of patients with TMD, and the global PSQI score in painful TMD cases
was statistically higher than that in non-painful TMD cases'?. Yatani et al. reported that up to 90% of patients with
TMD diagnosed by RDC/TMD had low sleep quality with high global PSQI'!. Although the exact mechanism of
the complex interaction between TMD pain and poor sleep remains under investigation, some researchers have
suggested that painful TMD diagnoses and poor sleep quality are closely related'®. However, a newly developed
DC/TMD-based study on sleep quality in patients with painful TMD and sleep surveys according to the TMD
subgroup of DC/TMD has not been conducted so far.

When pain becomes chronic, there is a stronger relationship between sleep deterioration and pain aggrava-
tion. Chronic pain has an underlying mechanism that involves a more complex relationship between physi-
cal, psychological, and social factors than acute pain'?. Thus, chronic pain should be understood following a
biopsychosocial model. Sleep problems cause musculoskeletal hypersensitivity, and TMD is a representative
form of musculoskeletal pain in the orofacial area, which is prone to experiencing chronic pain. Considering
the source of TMD pain or TMD subgroups, sleep quality was significantly worse in patients with TMD with
myofascial pain than in patients with TM] intracapsular pain". In addition to poor sleep, psychosocial aspects
are related to the experience of pain in cases of painful TMD!. Moreover, patients with myogenous TMD had
more comorbid disorders including severe headache, fainting, anxiety, depression, and frequent sore throats,
and more severe pain than patients with arthrogenous TMD". Unfortunately, few studies have documented
whether sleep quality differs according to the chronicity of symptoms, the number of DC/TMD sub-diagnoses,
as well as the origin of TMD pain in patients, so novel clinical approaches and scientific evidence addressing
these relationships are needed.

Taken together, we hypothesized that sleep quality differs in patients with painful TMD depending on the
origin of TMD pain (myalgia, arthralgia, and muscle—joint mixed TMD pain as defined in the DC/TMD), and
sleep may be worse when there are multiple origins of pain. Furthermore, we first analyzed the association
between poor sleep quality and clinical disease characteristics, excessive daytime sleepiness, and psychological
distress in patients with painful TMD, which has not been previously reported. Controlling the risk factors for
TMD is the first step in reducing healthcare costs and preventing TMD from becoming chronic. Therefore, it is
worth analyzing the factors that contribute to poor sleep quality in patients with painful TMD.

Materials and methods

Subjects. A total of 337 consecutive patients (215 women and 122 men; mean age, 33.01 + 13.01 years) who
visited the Department of Orofacial Pain and Oral Medicine of Kyung Hee University Dental Hospital (Seoul,
South Korea) over a 6-month period from October 2020 and March 2021 for the management of painful TMD
were included in this study. All patients were examined by two TMD specialists with more than 7 years of expe-
rience and were carefully examined and diagnosed using the DC/TMD examination. Patients also completed
comprehensive questionnaires, including the DC/TMD symptom questionnaire, DC/TMD demographics, oral
behavior checklist, and TMD pain screener.

Exclusion criteria were as follows: (1) patients who were under 18 years of age, (2) patients who had other
systemic muscular disorders (e.g., fibromyalgia, rheumatoid arthritis, inflammatory joint disease), (3) patients
who had neurologic impairment or diseases (e.g., stroke, tumor, or epilepsy), (4) patients who were pregnant,
(5) patients who had a history of psychiatric disorders, and (6) patients unable to provide informed consent.

The inclusion criteria were diagnosis of painful TMD according to the DC/TMD Axis I classification, and
report of pain at the TMJ and/or masticatory muscles for at least 3 months. A total of 382 patients diagnosed with
painful TMD were included, and 45 patients were excluded because they lacked medical documentation. Finally,
337 patients with painful TMD were then divided into three groups as follows: pain of muscle origin (myalgia,
n=120), pain of joint origin (arthralgia, n=62), and muscle-joint mixed TMD pain (mixed TMD pain, n=155).

All participants provided written consent for the study, which was approved by the Ethical Committee of
Kyung Hee University Dental Hospital (KHD IRB no. 1804-2). The study was conducted in accordance with the
principles of the Declaration of Helsinki.

Data Collection. Experienced orofacial pain specialists conducted comprehensive clinical and radiographic
examinations. TMD pain, sleep quality, psychological profile, and excessive daytime sleepiness were assessed
using standard, validated, and reliable self-reported instruments administered at the initial evaluation.

Characteristics of pain. The duration of pain derived from the TMJ and/or masticatory muscles is reported
in days. Temporomandibular pain was scored by the patients subjectively, ranging from 0 (no pain at all) to 10
(worst pain imaginable) using a visual analog scale (VAS).
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Contributing factors and comorbidities. We investigated self-reported parafunctional activities using the Oral
Behavior Checklist, which includes jaw-related behaviors, such as teeth clenching and bruxism. The presence of
headache was evaluated using the dichotomous question, “Do you have any headache in the temporal region and
headache affected by jaw movement, function, or parafunction?” The presence of self-assessed tinnitus, psycho-
logical distress, and sleep problems was also reported with a binary answer. That is, each variable was recorded
as a binary answer (yes/no) in all patients, as described in our previous study'.

Sleep quality evaluation using PSQI.  Using the 19-item PSQ], a well-validated self-report questionnaire, sleep
quality in the past month was assessed. The PSQI has seven components: subjective sleep quality, sleep latency,
sleep duration, sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction. Each sub-
scale is weighted equally, scored from 0 (good sleep/no problems) to 3 (poor sleep/severe problems), summing
to a global PSQI score (range, 0-21), with higher scores denoting worse sleep quality'”. The PSQI was used to
measure sleep quality. According to the recommended cutoff point of the PSQI (>5), the patients in this study
were categorized as good sleepers (score <5) and poor sleepers (score 26).

Assessment of psychological distress using the symptom checklist-90-revision. 'The Symptom Checklist-90-Revi-
sion (SCL-90R), a validated brief self-report psychometric inventory, has been used to evaluate psychological
profiles’®. It contains 90 items, and patients rated each item on a 5-point scale (not at all, 0; extremely, 4) for how
much each problem had distressed or bothered them during the past 7 days. It yielded nine subscale scores,
including somatization, obsessive-compulsive, interpersonal sensitivity, anxiety, depression, hostility, phobic
anxiety, paranoid ideation, and psychoticism, along with three global indices of distress (Global Severity Index,
Positive Symptom Distress Index, and Positive Symptom Total). Higher T-scores of the nine subscales and three
global indices on the SCL-90R indicate a greater propensity to experience psychological distress.

Excessive daytime sleepiness measured using the epworth sleepiness scale. The Epworth sleepiness scale (ESS)
is a validated clinical tool for evaluating excessive daytime sleepiness (EDS)". The ESS is an eight-item, self-
administered questionnaire designed to measure the subject’s propensity to fall asleep in a variety of situations.
The participant was instructed to answer how likely it is that they would fall asleep in different situations by giv-
ing a score on a 4-point scale (0-3). Thus, the total score (the sum of scores of the eight items) of the ESS ranges
from to 0-24. Higher scores represent a greater possibility that the individual will fall asleep during the daytime.
Unlike other scales that measure sleepiness at a single time point, the ESS is designed to evaluate the general
level of sleepiness. The ESS total scores were dichotomized into scores <10 and >10; the latter was considered to
represent clinically significant EDS. We used a score >10 on the ESS to measure excessive sleepiness.

Statistical analysis. The data were analyzed using SPSS Statistics for Windows, Version 26.0, (IBM Corp.,
Armonk, NY, USA). Continuous variables are presented as means and standard deviations (SD), and categori-
cal variables are presented as frequencies and percentages. The inter-rater reliability between the two experts in
the diagnosis of painful TMD was assessed using Cohen’s kappa coefficient and was 0.91 for myalgia, 0.94 for
arthralgia, and 0.92 for mixed TMD pain groups. If the same diagnosis was not given by the two experts, the
patient was finally assigned to one TMD group following in-depth discussion. Differences between the three
painful TMD groups were examined using the chi-squared test for categorical variables and t-test and one-way
analysis of variance (ANOVA) with Tukey’s post-hoc test for numeric variables. The chi-squared test with Bon-
ferroni adjusted post hoc analysis was used to determine the equality of proportions. Spearman’s correlation
coeflicients (r) for global PSQI scores with demographics, TMD pain severity, and psychological profiles were
calculated, ranging from -1 to +1, with —1 indicating a perfectly linear negative correlation and +1 indicating
a perfectly linear positive correlation. Subsequently, assuming that the factors showing a significant correlation
with the global PSQI score are predictors, multiple linear regression analysis with a stepwise method was con-
ducted to explore significant predictors for increasing PSQI scores in patients with painful TMD. The estimated
B was calculated using multiple linear regression analyses after adjusting for age. For all analyses, a two-tailed
p-value of less than 0.05 was considered statistically significant.

Institutional review board statement. The research protocol was reviewed in compliance with the Hel-
sinki Declaration and approved by the Institutional Review Board of the Kyung Hee University Dental Hospital
(KHD IRB no. 1804-2).

Informed consent. Informed consent was obtained from all subjects involved in the study.

Results

General description. Table 1 presents the distribution of demographics, clinical characteristics, and con-
tributing factors for the three TMD groups. A total 337 patients (215 women [63.8%]; mean age, 33.01 + 13.01
years) were assigned to the TMD group. The composition of patients in our study period with painful TMD
according to the DC/TMD Axis I enrolled during the study period included 35.6% with myalgia, 18.4% with
arthralgia, and 46.0% with mixed TMD pain. In other words, TMD pain of both muscular and articular ori-
gins was the most prevalent. The ratio of men to women was 1:1.76, and the proportion of women with myal-
gia (60.0%) or mixed TMD pain (80.0%) was significantly higher than the proportion with arthralgia (30.6%)
(p<0.001). TMD is thought to be sexual dimorphic and predominantly afflict women?. The age distribution was
not significantly different between the three groups.
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Myalgia (n=120) Arthralgia (n=62) Mixed TMD pain (n=155)
Parameter n (%) or Mean = SD | n (%) or Mean = SD | n (%) or Mean + SD Post-hoc | p-value
Demographics
Age (years) 33.80 £ 13.36 31.93 £13.57 32.81 £12.55 0.636
Sex (female %) 72 (60.0) 19 (30.6) 124 (80.0) 1>2,2<3 | <0.001**
Clinical characteristics
VAS 4.49 £2.77 4.97 £2.54 5.71 £1.93 1<3,2<3 | <0.001***
Mouth opening limitation 8(6.7) 10 (16.1) 20 (12.9) 0.115
Symptom duration (days) 524.35 +2010.22 272.94 + 469.26 620.59 + 1171.99 1>2,2<3 | 0.044*
Contributing factors
Bruxism 35(29.2) 21 (33.9) 54 (34.8) 0.594
Clenching 49 (40.8) 23 (37.1) 74 (47.7) 0.284
Macrotrauma history 6 (5.0) 4(6.5) 12(7.7) 0.659
Tinnitus 34 (28.3) 9 (14.5) 48 (31.0) 2<1,2<3 | 0.044*
Headache 45 (37.5) 17 (27.4) 99 (63.9) 1<3,2<3 | <0.001***
Psychological distress 66 (55.0) 30 (48.4) 91 (58.7) 0.381
Self-reported sleep problem 42 (35.0) 19 (30.6) 57 (36.8) 0.694

Table 1. Demographic characteristics of TMD patients. The results were obtained from 2 test with
Bonferroni adjusted post hoc analysis and the mean difference between groups was obtained by ANOVA) with
Tukey’s post-hoc test. p-Value significance was set at <0.05. *: p-value <0.05, **: p-value <0.01, ***: p-value
<0.001. TMD: temporomandibular disorder, VAS: visual analogue scale, SD: standard deviation, 1 in Post-hoc
test: the mean value of myalgia group, 2 in Post-hoc test: the mean value of arthralgia group, 3 in Post-hoc test:
the mean value of mixed TMD pain group.

The VAS score was significantly higher in patients with mixed TMD pain (5.71 + 1.93) than in those with
arthralgia (4.97 + 2.54) and myalgia (4.49 £ 2.77) (p<0.001). There was no significant difference in the frequency
of mouth opening limitation between groups. The mean symptom duration was significantly longer in the myal-
gia (524.35 £ 2010.22 days) and mixed TMD pain groups (620.59 + 1171.99 days) than in the arthralgia group
(272.94 £ 469.26 days) (p=0.044). Considering the contributing factors, the prevalence of tinnitus and headache
were significantly higher in the myalgia and mixed TMD pain groups than in the arthralgia group (p<0.05). The
prevalence of bruxism, clenching, macrotrauma history, and psychological distress did not differ significantly
between the TMD groups. There was no significant difference in the presence of self-reported sleep problems
between the myalgia (35.0%), arthralgia (30.6%), and mixed TMD groups (36.8%) (p=0.694). Psychological
distress was observed in 55.4% of patients with painful TMD and was the most frequently observed contribut-
ing factor in all three groups, whereas a history of macrotrauma was only present in 6.5% and the least observed
factor in all three groups.

PSQl in patients with painful TMD. The distribution of PSQI global scores for patients with painful
TMD and the proportion of poor sleepers is shown in Table 2.

Based on the PSQI, poor sleep quality was more pronounced in patients with painful TMD with pain of both
joint and muscle origin than in those with only one pain origin. Overall, the PSQI global score was significantly
higher in the myalgia (6.40 + 3.22), and mixed TMD pain (6.97 + 3.38) groups than in the arthralgia group (5.16
+2.94), and the frequency of poor sleepers was significantly higher in the myalgia and mixed TMD groups than
in the arthralgia group (all p<0.05).

A significant proportion (70.9%) of patients with painful TMD were poor sleepers, and the proportion of
poor sleepers was significantly higher among patients with myalgia (71.7%) and mixed TMD pain (76.8%) than
among patients with arthralgia (54.8%). The factors affecting sleep quality differed between the three TMD
groups. Sleep disturbance occurred more frequently in patients with myalgia than in those with arthralgia, and
sleep deterioration was more severe in patients with both diagnoses.

Psychological distress in patients with painful TMD. Table 3 shows the psychological profiles of
patients with painful TMD. Of the nine subdimensions of the SCL-90R, there were significant differences in the
mean values of all items except for hostility. Interestingly, the T-scores for somatization, obsessive-compulsive,
interpersonal sensitivity, and paranoid ideation were not significantly different between the myalgia and arthral-
gia groups but were significantly higher in patients with mixed TMD pain than in those with only myalgia or
arthralgia. In addition, the mean T-scores for depression, anxiety, phobic ideation, and psychoticism were sig-
nificantly higher in the mixed TMD pain group than in the myalgia group (all p<0.05).

EDS in patients with painful TMD. The total ESS score was significantly higher in the mixed TMD pain
group (8.04 + 3.82) than in the myalgia (6.56 + 3.56) and arthralgia groups (6.55 + 3.50) (p=0.01), whereas the
proportion of patients experiencing EDS (ESS >10) did not differ significantly between the three groups (myal-
gia: 19.2%, arthralgia: 19.4%, mixed TMD pain: 29.7%).
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Myalgia (n=120) Arthralgia (n=62) Mixed TMD pain (n=155)

Parameter n (%) or Mean = SD | n (%) or Mean + SD | n (%) or Mean + SD Post-hoc | p-value
PSQI

S)‘f;)p"“e“t 1: Subjective sleep quality | | 5, 1 1 119+ 1.40 152+ 1.24 0.108
Component 2: Sleep latency (0-3) 0.83+£0.75 0.77 £0.76 0.97 £0.71 0.118
Component 3: Sleep duration (0-3) 0.92 +1.03 0.55+0.72 0.88 +0.97 1>2,3>2 | 0.035%
Component 4: Sleep efficiency (0-3) 0.57 £0.98 0.18 +0.46 0.46 + 0.89 1>2,3>2 | 0.016*
%i‘;“)?onem 5: Sleep disturbances 122 +0.61 111 +0.66 135 +0.62 352 0.023*
(((3)(11;1)ponent 6: Use of sleep medication 0.14 + 0.54 0.03 + 025 0.19 + 0.59 0.147
g)‘f;‘)?o“e“t 7: Daytime dysfunction |} 44, .91 13240.92 159 +0.86 0.100
PSQI global score (0-21) 6.40 + 3.22 516 +2.94 6.97 +3.38 1>2,3>2 | 0.001**
Poor sleeper (PSQI global score > 5) 86 (71.7) 34 (54.8) 119 (76.8) 1>2,3>2 | 0.006**

Table 2. Comparison of Pittsburgh Sleep Quality Index (PSQI) between TMD groups. The results were
obtained from 2 test with Bonferroni adjusted post hoc analysis and the mean difference between groups
was obtained by ANOVA) with Tukey’s post-hoc test. p-Value significance was set at <0.05. *: p-value <0.05,
**: p-value <0.01. TMD: temporomandibular disorder, VAS: visual analogue scale, SD: standard deviation, 1
in Post-hoc test: the mean value of myalgia group, 2 in Post-hoc test: the mean value of arthralgia group, 3 in
Post-hoc test: the mean value of mixed TMD pain group.

The daytime sleepiness score was higher among patients with mixed TMD pain than in those with myalgia
under two conditions: sitting inactive in a public place and lying down to rest in the afternoon when circum-
stances permit. In the condition of sitting quietly after lunch without alcohol, the degree of daytime sleepiness
in the mixed TMD pain group was higher than that in the arthralgia group. In the case of being a passenger in
a car for an hour without a break, daytime sleepiness was higher in the mixed TMD group than in the myalgia
and arthralgia groups. However, there was no significant difference between groups in the degree of daytime
sleepiness in the following four conditions: sitting and reading, watching TV, sitting and talking to someone,
and stopping for a few minutes in traffic in a car.

Correlations between PSQI global scores and other factors. Figure 1 shows the results of Spear-
man’s correlation analysis between the PSQI global scores and all other variables examined in this study. The
specific related factors and their correlation strengths were different for each group. In the myalgia group,
psychological distress (r=0.306, p<0.001) strongly correlated with PSQI global score. In the mixed TMD pain
group, tinnitus (r=0.195, p=0.015) and headache (r=0.293, p=0.001) significantly correlated with PSQI global
score. Self-reported sleep problems investigated using dichotomous questions positively correlated with the
PSQI global score in all three groups (myalgia: r=0.552, p<0.001; arthralgia: 0.359, p=0.004; mixed TMD pain:
r=0.486, p<0.001).

The correlation between the PSQI global score and psychological profiles was remarkable. The psychological
profiles of the three groups significantly correlated with sleep quality. Regarding the nine subscales of the SCL-
90R, all nine subscales correlated with an increase in PSQI global scores, and all subscales excluding hostility
significantly positively correlated with PSQI global scores in the mixed TMD pain group. Total ESS scores sig-
nificantly positively correlated with PSQI global scores only in the arthralgia group (r=0.303, p=0.017).

In all three groups, demographics such as age and sex, VAS, and mouth opening limitation did not show any
significant relationship with PSQI global scores.

Predicting the factors influencing sleep quality. Following the Spearman’s correlation analysis, multi-
ple linear regression analysis was performed on 17 predictor variables that significantly correlated with the PSQI
global score (Fig. 2). Regarding contributing factors, increased PSQI global scores were predicted by psycho-
logical distress (p=1.236, p=0.022) and self-reported sleep problems (B=3.115, p<0.001) in the myalgia group,
and headache (B=1.631, p=0.002) and self-reported sleep problems ($=2.849, p<0.001) in the mixed TMD pain
group. The existence of self-reported sleep problems expressed as a dichotomy (yes or no) was strongly associ-
ated with the PSQI global score. In arthralgia, the global severity index of the SCL-90R was a predictor of the
PSQI global score only in the arthralgia group (p=1.668, p=0.008).

Discussion

Clinical characteristics differed according to TMD diagnosis based on DC/TMD, and their effect on sleep quality
also differed according to the origin of TMD pain. TMD is an umbrella term, and the signs and symptoms of
patients with TMD are diverse. As mentioned above, painful TMD is not only observed in patients with myal-
gia, arthralgia, and mixed TMD pain, but also in patients with aggravated psychological pain as determined
by DC/TMD Axis II*!. Poor sleepers accounted for 70.9% of patients with painful TMD, and the proportion of
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Myalgia (n=120) Arthralgia (n=62) Mixed TMD pain (n=155)
Parameter n (%) or Mean = SD | n (%) or Mean + SD | n (%) or Mean + SD Post-hoc | p-value
SCL-90R
Somatization 4575 +7.39 4550 + 8.67 4859 +9.59 1<3,2<3 | 0.009**
Obsessive-compulsive 43.65 + 9.60 42.69 +10.04 46.54 +10.83 1<3,2<3 | 0.015*
Interpersonal sensitivity 43.67 +£9.46 43.71 £10.17 46.75 + 10.81 1<3,2<3 0.024*
Depression 45.99 +30.31 4416 £11.08 46.86 + 11.85 1<3 0.676
Anxiety 43.77 £7.09 44.44 +9.04 4653 +9.86 1<3 0.029*
Hostility 44.61 +7.45 4556 + 9.04 50.83 + 35.94 0.098
Phobic anxiety 4410 + 4.62 4555 + 8.06 47.00 +9.97 1<3 0.013*
Paranoid ideation 43.16 + 8.85 43.06 + 8.32 45.90 + 10.12 1<3,2<3 | 0.026*
Psychoticism 4323 +6.66 4456 +9.35 45.46 +9.28 1<3 0.098
Global severity index 43.05 +7.89 4340 £10.19 46.44 +10.96 1<3,2<3 | 0.010*
Positive symptom distress 4572 +£7.44 45.45 + 8.30 47.62 £ 9.46 0.104
Positive symptom total 41.79 + 10.56 41.10 £ 12.13 45.01 + 11.57 1<3,2<3 | 0.020*
ESS
Sitting and reading (0-3) 0.98 +0.83 0.95 + 0.69 1.07 +0.74 0.483
Watching TV (0-3) 0.68 + 0.74 0.58 + 0.67 0.72 +0.67 0.400
Sitting, inactive in public place (0-3) 0.55+0.61 0.61 + 0.66 0.75 +0.74 1<3 0.042*
a;g&sfgfee:;r(’oa_gg‘r for an hour 1.18 £0.90 1.08 + 0.84 1.41 +0.90 1<3,2<3 | 0.017*
oying fi‘;xnrtfgt;iscteis“pt;erna&%‘j‘;‘)’n 1334085 144+ 0.88 169 % 0.92 1<3 0.002*%
Sitting and talking to someone (0-3) 0.32 +0.59 0.18 £ 0.39 0.39 +0.64 0.058
iﬁzg(gﬂq(‘(‘)‘f;l)y afteralunchwithout 1) 1, ¢ g7 126 +0.79 148 +0.85 23 0.004+*
i‘;:s oo t‘fahé.iz ?(t)(ipslsed forafewmin- 15 3, 055 0.45 £ 0.69 0.52+ 0.70 0.243
ESS total score (0-24) 6.56 +3.56 6.55 + 3.50 8.04 +3.82 1<3,2<3 | 0.001**
ﬁfj;:f:j ;ﬁl‘j;)z 10 (Excessive day- | 53 (19 5) 12 (19.4) 46 (29.7) 0.082

Table 3. Comparison of psychological profile with SCL-90R and excessive sleepiness scale between TMD
groups. The results were obtained from 2 test with Bonferroni adjusted post hoc analysis and the mean
difference between groups was obtained by ANOVA with Tukey’s post-hoc test. p-Value significance was set
at <0.05. *: p-value <0.05, **: p-value <0.01. TMD: temporomandibular disorder, VAS: visual analogue scale,

SD: standard deviation, ESS: Epworth sleepiness scale, 1 in Post-hoc test: the mean value of myalgia group, 2 in
Post-hoc test: the mean value of arthralgia group, 3 in Post-hoc test: the mean value of mixed TMD pain group.

poor sleepers was significantly higher in the myalgia (71.7%) and mixed TMD pain groups (76.8%) than in the
arthralgia group (54.8%). The proportion of poor sleepers was previously reported to be 60.3% among patients
with TMD, regardless of the presence of pain'.

The PSQI global score was also significantly higher in the myalgia (6.40 + 3.22) and mixed TMD pain (6.97
+ 3.38) groups than in the arthralgia group (5.16 + 2.94). The PSQI mean score of patients with painful TMD
reported by Rener-Sitar et al. was 7.5, somewhat higher than our result'?, which may be due to differences in
the subjects’ ethnicity, study area, and study methods. In addition, the mixed TMD pain group had the highest
VAS score and highest PSQI global score. According to Zamani et al., the sleep quality measured using PSQI
deteriorates as the symptom severity of TMD increases®>. In a recent study, compared to TMD-free controls,
painful TMD caused a 3.2 times increase in the frequency of poor sleep as measured using PSQI, which was
higher than the 1.91 times in intra-articular TMDs*. We hypothesized that sleep quality might differ with pain-
ful TMD sub-diagnosis according to the DC/TMD, and our results suggest that sleep and related clinical factors
are dependent on the source of TMD pain and symptom severity.

An in-depth discussion on the reason for the difference in sleep quality according to the origin of TMD
pain is needed. Among TMD sub-diagnoses, arthralgia is accompanied by a well-defined inflammatory process
mediated by inflammatory cytokines, whereas chronic myalgia presents with an enigmatic pathophysiological
mechanism?-%%, In contrast, muscle pain is poorly localized and has a pressing quality, marked tendency towards
referral of pain, and more affective aspect; arthralgia is well-localized and has a stabbing quality, no tendency
toward referral of pain, and less affective aspect. In general, psychosocial factors, such as depression and tension
personality, are more frequently observed in patients with myogenous TMD?¥. Unlike arthralgia, myalgia is often
accompanied by changes in psychological state’®?°. Anxiety and stress-related bruxism activity are positively
associated with myogenous TMD pain?. In particular, psychosocial forces can shape individual vulnerabil-
ity to pain-related outcomes over time*’. Therefore, analgesic and anti-inflammatory drugs are prescribed for
arthrogenous pain; however, antidepressants, anticonvulsants, and muscle relaxants are commonly prescribed
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Contributing factors Age- 0.019 -0.089 0.020 1.0
Female- 0.008 -0.193 0.082
VAS— -0.025 -0.042 0.007
Mouth opening limitation— 0.107 0.084 0.128
Symptom duration— 0.088 0.133 0.102
Bruxism—| -0.040 -0.098 0.042
Clenching— 0.087 -0.031 0.111 - 0.5
Macrotrauma history—| 0.148 0.210 0.145
Tinnitus— 0.068 0.228 0.195 =
Psychological distress— 0.308 ** 0.179 0.181 =
Headache- 0.027 0.152 0.293 **
Self-reported sleep problems— [ 0.552 = 0.359 * 0.488 ***
SCL-90R Somatization— 0.344 **x 0.394 ** 0.394 ** - 0.0
Obsessive-compulsive— 0.368 *** 0.400 ** 0.379 **
Interpersonal sensitivity— 0.402 x*x 0.422 **x 0.351
Depression— 0.127 0.345 ** 0.373 =
Anxiety— 0.343 =xx 0.286 ** 0.276
Hostility— 0.330 == 0.354 ** -0.020
Phobic anxiety— 0.303 »xx 0.314 = 0.341 =~ 05
Paranoid ideation— 0.338 »*x 0.373 == 0.272 '
Psychoticism— 0.217 *x 0.378 »* 0.365
Global severity index— 0.444 xxx 0.439 xxx 0.415 =
Positive symptom distress— 0.260 »* 0.328 »* 0.337 *=
Positive symptom total| 0.419 =xx 0.487 xxx 0.430 ==
ESS ESS total scores— 0.119 0.203 = 0.152 10
I I I =1
Myalgia Arthralgia Mixed TMD pain

Figure 1. Correlations of PSQI global scores with clinical characteristics and contributing factors for TMD.
P-value was considered as significant when p-value < 0.05 (*: p < 0.05, **: p < 0.01, ***: p < 0.001).

for myogenous pain®'. Although some patients with advanced osteoarthritis develop central sensitization, central
sensitization and neuropathic features have been reported in patients with muscle pain®~.

The exact etiology of the central mechanism of muscle pain and its relationship with psychological distress
remain unclear. Starting with a peripheral mechanism of myalgia excitability, the outlasting sensitization of
peripheral nociceptors may result in persistent hypersensitivity of peripheral nociceptors, which are involved in
excitation and/or dysfunction of central neurons®. As a next step, increased muscle tension can be a local trauma,
physiological dysfunction, and lead to a defensive response to psychological burden®. A central mechanism in
the development of muscle pain due to prolonged overactivity is primarily concerned with the muscles that tense
when experiencing psychological discomfort, anxiety, or stress*. Specifically, the masseter muscle, temporal
muscle, sternocleidomastoid muscle, and trapezius muscle are typical examples mentioned when discussing
the central mechanism. These muscles tend to respond to changes in mental state that can cause muscle pain
associated with mental disorders or chronic stress®. Poor sleep is most likely a comorbidity or a contributing
factor that continues their vicious cycle’. The disparity between the ability to control muscle pain, good sleep,
and mental health can affect the chronicity of symptoms.

As hypothesized, sleep was more disturbed in the mixed TMD pain group with both joint- and muscle-
derived pain than in those with pain from a single origin. This suggests that when symptoms are complex with
multiple origins of pain, sleep and psychosocial aspects are more vulnerable. According to Trivedi et al., as the
number of physical symptoms a patient has increases, the morbidity of depression also increases®”. When there
are multiple causes of TMD pain, the psychological aspects can be more complex. Patients with multiple TMD
diagnoses have higher rates of depression and somatization®®. Manfredini et al. reported a tendency to have
higher SCL-90-R scores in patients with myofascial pain combined with TM] pain than in those with TMJ pain
alone®. However, Reissmann et al. reported that the location of pain in TMD patients was not a major factor
when predicting psychosocial profiles and current pain severity*’. The discrepancy between our results and
those of Reissmann et al. might be explained by the fact that they did not consider symptom duration and pain
chronicity as the study’s main variables.

In the present study, the mixed TMD pain group had the longest symptom duration and the highest PSQI
global score among the three painful TMD groups. The chronicity of TMD pain can be closely linked to poor
sleep quality in patients with painful TMD. In general, the prevalence of chronic pain ranges from 10 to 40%*,
which is similar to the prevalence of sleep disorders (10-36%)*. Sleep disorders have been found to affect 88% of
patients with chronic pain*’. Conversely, more than 40% of patients with sleep disorders report chronic pain*. In

Scientific Reports |

(2022) 12:9026 | https://doi.org/10.1038/s41598-022-12976-x nature portfolio



www.nature.com/scientificreports/

Contributing factors | Myalgia Arthralgia Mixed TMD pain
: ® :\nrytzlgl‘:.]ia B (lower CI, upper Cl) B (lower Cl, upper CI) | (lower Cl, upper Cl)f
Tinnitus — —@— Mixed TMD pain
. " : 0.224(-0.849, 1.297)0.797(-1.529, 3.123)0.07(-0.948, 1.088)
Psychological distress - —== ; ‘
: 1.236(0.181, 2.291)0.594(-0.987, 2.176)0.602(-0.332, 1.536)
Headache - —— ‘
: -0.521(-1.554, 0.512)-0.594(-2.569, 1.382)1.631(0.614, 2.649)
Self-reported sleep problems -{ —— [ J
: 3.115(2.036, 4.194)0.691(-1.200, 2.582)2.849(1.841, 3.857)|
SCL-90R : ‘ ‘
Somatization - 2 -0.086(-0.211, 0.039)-0.311(-0.591, -0.030)0.011(-0.095, 0.117)
Obsessive-compulsive - % -0.043(-0.142, 0.055)-0.288(-0.593, 0.017)0.025(-0.103, 0.153)
o H f T 1 i
Interpersonal sensitivity $ -0.047(-0.192, 0.099)-0.104(-0.334, 0.126)0.015(-0.098, 0.128)
. H \
Depression - < 0.002(-0.014, 0.018)-0.602(-0.969, -0.234)0.041(-0.038, 0.120)
. i - T 1 ‘
Anxiety % -0.171(-0.325, -0.017)-0.339(-0.646, -0.032)-0.049(-0.190, 0.093)
i | ‘
Hostility 3 -0.180(-0.319, -0.041)-0.164(-0.372, 0.045)-0.011(-0.024, 0.001)
i x| i [ | ,‘
Phobic anxiety : -0.013(-0.151, 0.126)-0.131(-0.287, 0.024)0.022(-0.054, 0.097)
] Ty . = 1 T 1
Paranoid ideation 3 -0.062(-0.158, 0.034)-0.174(-0.440, 0.092)-0.004(-0.090, 0.082)
Psychoticism -| 3 [ [ [ |
- -0.196(-0.381, -0.012)-0.095(-0.386, 0.197)-0.004(-0.142, 0.134)
Global severity index e [ I l |
-+ 0.968( 0.423, 1.513)1.668(0.459, 2.877)-0.006(-0.459, 0.446)
Positive symptom distress - %
ymp ¢ -0.092(-0.217, 0.033)0.081(-0.140, 0.302)-0.009(-0.160, 0.143)1
Positive symptom total - b [ | | |
: -0.150(-0.338, 0.037)0.228(-0.029, 0.484)0.038(-0.109, 0.185)
ESS :
ESS total scores -| 3 -0.036(-0.174, 0.103)0.065(-0.184, 0.315)0.069(-0.065, 0.202)
. ! ! ! |
H |
Constant - , 8.837(1.551, 16.123)16.638(3.884, 29.392)0.828(-4.220, 5.875)
0 10 20 30

Figure 2. Linear regression analysis when assuming PSQI global scores as an independent variable. Myalgia
group: R=0.689, R-squared=0.475, and adjusted R-squared=0.387; Arthralgia group: R=0.675, R-squared=0.455,
and adjusted R-squared=0.245; Mixed TMD pain group: R=0.640, R-squared=0.410, and adjusted
R-squared=0.337.

addition, chronic pain and sleep problems commonly have psychological comorbidities, especially depression®.
As acute pain progresses to the chronic phase, the central pain control system and psychosocial factors can also
be more impaired™. Regarding changes in the brain, dysregulation of neurotransmitters in the brain is linked to
both chronic pain and depression, and this linkage makes pain patterns more complex and exacerbates pain*®.
Chronic pain is also related to anatomical alterations in brain regions involved in cognitive and emotional
modulation of pain*’. There may be a brain circuit that responds differently to noxious stimuli in patients with
chronic painful TMD compared to those with acute TMD or non-painful TMD. These complex interactions
may explain why patients with TMD pain of mixed origin develop psychological distress and are at increased
risk of sleep problems and central amplification of pain. However, studies on the etiopathology and underlying
mechanisms of mixed TMD pain based on DC/TMD are extremely limited, and more detailed studies are needed.

Female sex is a major risk factor for both chronic pain and poor sleep quality. In the myalgia and mixed TMD
pain groups, the proportion of women was higher than that in the arthralgia group. Women are more exposed to
chronic pain than men and are more prone to co-occurrence of chronic pain with depression and anxiety'?. In a
previous study using the SCL-90R in TMD patients, depression and somatization scales were higher in women
than in men*. In addition, there is a tendency for increased prevalence of tinnitus in patients with chronic pain®.
In the present study, the prevalence of tinnitus and headache was highest in the mixed TMD pain group. Chronic
pain and tinnitus have several similarities and are frequently associated with hypersensitivity to sensory stimuli.
Both are abnormal and variable subjective sensations, often not fully explained by initial peripheral lesions; thus,
they are referred to as phantom sensations. Moreover, patients suffering from these two conditions often share
the same psychological traits with an increased propensity for anxiety and depression®*®!. Although research
on the exact mechanism is needed, the overlap of pain and psychological distress is particularly pronounced in
patients with chronic pain and headache®.

Both chronic pain and sleep disturbances share an array of psychological health issues. Although the degree
of correlation varied between the painful TMD groups, the T-score of the nine parameters of the SCL-90R
positively correlated with the PSQI global score. The relationships between pain, poor sleep phenomena, and
psychological distress should be considered “reciprocal” in painful TMD. Disturbed sleep affects pain perception
by lowering the pain threshold, and patients with pain have poor sleep in terms of sleep efficiency, sleep latency,
and awakenings after sleep onset’. Furthermore, as pain becomes chronic, central neural plasticity and central
sensitization increase, and psychological factors may become vulnerable®. Specific psychosocial characteristics
place individuals at elevated or reduced risk for the transition from an acute to a persistent pain state®*. Of course,
psychosocial processes exist within an individual as a pre-existing vulnerability factor. Sleep problems consider-
ing the chronicity of TMD pain should be further studied in patients with painful TMD.
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Our study has several limitations. We did not use investigations such as polysomnography (PSG) or acti-
nography, which are considered the gold standard for sleep evaluation. Especially, PSG presents the results of
objectively measuring various aspects of sleep. However, as in many countries around the world, it was not pos-
sible to conduct PSG because of the lack of sleep labs, insurance coverage, high cost, and lack of suitability for
large-scale studies. PSG has a weakness in that it cannot be performed in a comfortable environment, such as at
home, where the patient sleeps every day. Thus, it only reflects the results obtained in the laboratory for just a few
days. In addition, there are physical and time limitations for PSG-based research in many patients. Our study was
designed as a retrospective study to investigate the conditions under which sleep quality deteriorates in patients
with painful TMD; therefore, the causal relationship cannot be clarified. It merely suggests statistically related
factors. However, we assessed the sleep of 337 patients with painful TMD using the PSQI, a sophisticated and
reliable questionnaire. Although TMD pain was classified according to the DC/TMD criteria, not all subgroups
of DC/TMD were analyzed, and the new questionnaire included in DC/TMD AXIS II was not accompanied,
so there may be limitations in the interpretation of the results. Subsequent large-scale longitudinal studies and
prospective study designs with all subgroups of DC/TMD AXIS I and questionnaires from AXIS II are needed
to clarify our findings.

Conclusions

Successful TMD treatment is possible by considering sleep quality in patients with painful TMD. As sleep prob-
lems can be the underlying factors for the onset, development, and prolonging of TMD along with psychosocial
profiles, these factors should be examined along with clinical symptoms in patients with painful TMD. In this
study, sleep quality differed according to the chronicity of symptoms, number of DC/TMD sub-diagnoses, and
origin of TMD pain in patients. In particular, chronic symptom duration, multiple origins of pain, myogenous
TMD pain, and psychological distress were associated with worsening sleep quality. Therefore, these sleep and
pain-related phenomena must be considered when diagnosing and treating patients with painful TMDs. Global
efforts are needed to present treatment guidelines regarding sleep for each subgroup according to the DC/TMD
in addition to efforts to increase the accuracy of subgroup diagnosis.

Data availability
Since these are patient data, if there is a request for data disclosure, the KHU-IRB will discuss the request before
disclosure.

Received: 2 September 2021; Accepted: 19 May 2022
Published online: 30 May 2022

References

1. Vyazovskiy, V. V. Sleep, recovery, and metaregulation: explaining the benefits of sleep. Nat. Sci. Sleep 7, 171-184. https://doi.org/
10.2147/NSS.S54036 (2015).

2. Krause, A. J. et al. The sleep-deprived human brain. Nat. Rev. Neurosci. 18, 404-418. https://doi.org/10.1038/nrn.2017.55 (2017).

3. Gongalves, D. A., Dal Fabbro, A. L., Campos, J. A., Bigal, M. E. & Speciali, J. G. Symptoms of temporomandibular disorders in the
population: an epidemiological study. J. Orofac. Pain 24, 270-278 (2010).

4. Lee, Y. H,, Lee, K. M, Kim, T. & Hong, J. P. Psychological factors that influence decision-making regarding trauma-related pain
in adolescents with temporomandibular disorder. Sci. Rep. 9, 18728. https://doi.org/10.1038/s41598-019-55274-9 (2019).

5. Ohrbach, R. & Dworkin, S. F. The evolution of TMD diagnosis: Past, present Future. J. Dent. Res. 95, 1093-1101. https://doi.org/
10.1177/0022034516653922 (2016).

6. Schiffman, E. et al. Diagnostic criteria for temporomandibular disorders (DC/TMD) for clinical and research applications: recom-
mendations of the International RDC/TMD consortium network* and orofacial pain special interest groupt. J. Oral Facial Pain
Headache 28, 6-27. https://doi.org/10.11607/jop.1151 (2014).

7. Li, J.]. et al. Association of musculoskeletal joint pain with obstructive sleep apnea, daytime sleepiness, and poor sleep quality in
men. Arthritis Care Res (Hoboken) 69, 742-747. https://doi.org/10.1002/acr.22994 (2017).

8. Sutton, B. C. & Opp, M. R. Musculoskeletal sensitization and sleep: chronic muscle pain fragments sleep of mice without altering
its duration. Sleep 37, 505-513. https://doi.org/10.5665/sleep.3486 (2014).

9. Finan, P. H,, Goodin, B. R. & Smith, M. T. The association of sleep and pain: an update and a path forward. J. Pain 14, 1539-1552.
https://doi.org/10.1016/j.jpain.2013.08.007 (2013).

10. Rener-Sitar, K., John, M. T., Pusalavidyasagar, S. S., Bandyopadhyay, D. & Schiffman, E. L. Sleep quality in temporomandibular
disorder cases. Sleep Med. 25, 105-112. https://doi.org/10.1016/j.sleep.2016.06.031 (2016).

11. Yatani, H., Studts, J., Cordova, M., Carlson, C. R. & Okeson, J. P. Comparison of sleep quality and clinical and psychologic char-
acteristics in patients with temporomandibular disorders. J. Orofac. Pain 16, 221-228 (2002).

12. Mills, S. E. E., Nicolson, K. P. & Smith, B. H. Chronic pain: A review of its epidemiology and associated factors in population-based
studies. Br. J. Anaesth. 123, e273-¢283. https://doi.org/10.1016/j.bja.2019.03.023 (2019).

13. Vazquez-Delgado, E., Schmidst, J. E., Carlson, C. R., DeLeeuw, R. & Okeson, J. P. Psychological and sleep quality differences between
chronic daily headache and temporomandibular disorders patients. Cephalalgia 24, 446-454. https://doi.org/10.1111/j.1468-2982.
2004.00698.x (2004).

14. Manfredini, D., Ahlberg, J., Winocur, E., Guarda-Nardini, L. & Lobbezoo, F. Correlation of RDC/TMD axis I diagnoses and axis
II pain-related disability. A multicenter study. Clin. Oral Investig. 15, 749-756. https://doi.org/10.1007/s00784-010-0444-4 (2011).

15. Klasser, G. D., Bassiur, J. & de Leeuw, R. Differences in reported medical conditions between myogenous and arthrogenous TMD
patients and its relevance to the general practitioner. Quintessence Int. 45, 157-167. https://doi.org/10.3290/j.qi.a30999 (2014).

16. Lee, Y.-H,, Lee, K. M. & Auh, Q. S. MRI-based assessment of masticatory muscle changes in TMD patients after whiplash injury.
J. Clin. Med. 10, 1404. https://doi.org/10.3390/jcm10071404 (2021).

17. Buysse, D. ], Reynolds, C. E. 3rd., Monk, T. H., Berman, S. R. & Kupfer, D. J. The pittsburgh sleep quality index: a new instrument
for psychiatric practice and research. Psychiatry Res. 28, 193-213. https://doi.org/10.1016/0165-1781(89)90047-4 (1989).

18. Kostaras, P, Martinaki, S., Asimopoulos, C., Maltezou, M. & Papageorgiou, C. The use of the symptom checklist 90-R in explor-
ing the factor structure of mental disorders and the neglected fact of comorbidity. Psychiatry Res. 294, 113522. https://doi.org/10.
1016/j.psychres.2020.113522 (2020).

Scientific Reports |

(2022) 12:9026 | https://doi.org/10.1038/s41598-022-12976-x nature portfolio


https://doi.org/10.2147/NSS.S54036
https://doi.org/10.2147/NSS.S54036
https://doi.org/10.1038/nrn.2017.55
https://doi.org/10.1038/s41598-019-55274-9
https://doi.org/10.1177/0022034516653922
https://doi.org/10.1177/0022034516653922
https://doi.org/10.11607/jop.1151
https://doi.org/10.1002/acr.22994
https://doi.org/10.5665/sleep.3486
https://doi.org/10.1016/j.jpain.2013.08.007
https://doi.org/10.1016/j.sleep.2016.06.031
https://doi.org/10.1016/j.bja.2019.03.023
https://doi.org/10.1111/j.1468-2982.2004.00698.x
https://doi.org/10.1111/j.1468-2982.2004.00698.x
https://doi.org/10.1007/s00784-010-0444-4
https://doi.org/10.3290/j.qi.a30999
https://doi.org/10.3390/jcm10071404
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1016/j.psychres.2020.113522
https://doi.org/10.1016/j.psychres.2020.113522

www.nature.com/scientificreports/

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.
38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Johns, M. W. Reliability and factor analysis of the epworth sleepiness scale. Sleep 15, 376-381. https://doi.org/10.1093/sleep/15.4.
376 (1992).

Yadav, S., Yang, Y., Dutra, E. H., Robinson, J. L. & Wadhwa, S. Temporomandibular joint disorders in older adults. J. Am. Geriatr.
Soc. 66, 1213-1217. https://doi.org/10.1111/jgs.15354 (2018).

Schiffman, E. et al. Diagnostic criteria for temporomandibular disorders (DC/TMD) for clinical and research applications: recom-
mendations of the International RDC/TMD consortium network* and orofacial pain special interest groupt. J. Oral Facial Pain
Headache 28, 6-27 (2014).

Zamani, A., Haghnegahdar, A. & Vossoughi, M. Evaluation of association between the severity of temporomandibular disorders
and quality of sleep in a selected iranian population. Front. Dent. 16, 206-213 (2019).

Yap, A. U, Cao, Y., Zhang, M.-].,, Lei, J. & Fu, K.-Y. Temporomandibular disorder severity and diagnostic groups: Their associations
with sleep quality and impairments. Sleep Med. 80, 218-225. https://doi.org/10.1016/j.sleep.2021.01.063 (2021).

Furquim, B. D. A, Flamengui, L. M. S. P. & Conti, P. C. R. TMD and chronic pain: A current view. Dental Press J. Orthod. 20,
127-133. https://doi.org/10.1590/2176-9451.20.1.127-133.sar (2015).

Vernal, R. et al. Expression of proinflammatory cytokines in osteoarthritis of the temporomandibular joint. Arch. Oral Biol. 53,
910-915. https://doi.org/10.1016/j.archoralbio.2008.04.004 (2008).

Wirth, K. J. & Scheibenbogen, C. Pathophysiology of skeletal muscle disturbances in myalgic encephalomyelitis/chronic fatigue
syndrome (ME/CEFS). J. Trans. Med. 19, 162. https://doi.org/10.1186/s12967-021-02833-2 (2021).

Restrepo, C. C., Vasquez, L. M., Alvarez, M. & Valencia, I. Personality traits and temporomandibular disorders in a group of
children with bruxing behaviour. J. Oral Rehabil. 35, 585-593. https://doi.org/10.1111/j.1365-2842.2007.01838.x (2008).
Lumley, M. A. et al. Pain and emotion: A biopsychosocial review of recent research. J. Clin. Psychol. 67, 942-968. https://doi.org/
10.1002/jclp.20816 (2011).

Galvez-Sanchez, C. M., Duschek, S. & Reyes Del Paso, G. A. Psychological impact of fibromyalgia: current perspectives. Psychol.
Res. Behav. Manag. 12, 117-127 (2019).

Edwards, R. R., Dworkin, R. H., Sullivan, M. D., Turk, D. C. & Wasan, A. D. The role of psychosocial processes in the development
and maintenance of chronic pain. J. Pain 17, T70-T92. https://doi.org/10.1016/j.jpain.2016.01.001 (2016).

Gil-Martinez, A., Paris-Alemany, A., Lpez-de-Uralde-Villanueva, I. & La Touche, R. Management of pain in patients with tem-
poromandibular disorder (TMD): challenges and solutions. J. Pain Res 11, 571-587. https://doi.org/10.2147/JPR.S127950 (2018).
Havelin, J. et al. Central sensitization and neuropathic features of ongoing pain in a rat model of advanced osteoarthritis. J. Pain
17, 374-382. https://doi.org/10.1016/j.jpain.2015.12.001 (2016).

Mense, S. Pathophysiologic basis of muscle pain syndromes: An update. Phys. Med. Rehabilit. Clin. North Am. 8, 23-53. https://
doi.org/10.1016/S1047-9651(18)30342-5 (1997).

Means-Christensen, A. J., Roy-Byrne, P. P,, Sherbourne, C. D., Craske, M. G. & Stein, M. B. Relationships among pain, anxiety,
and depression in primary care. Depress Anx. 25, 593-600. https://doi.org/10.1002/da.20342 (2008).

Haviland, M. G., Banta, J. E. & Przekop, P. Fibromyalgia: prevalence, course, and co-morbidities in hospitalized patients in the
United States, 1999-2007. Clin. Exp. Rheumatol. 29, S79-87 (2011).

Hannibal, K. E. & Bishop, M. D. Chronic stress, cortisol dysfunction, and pain: a psychoneuroendocrine rationale for stress man-
agement in pain rehabilitation. Phys. Ther. 94, 1816-1825. https://doi.org/10.2522/ptj.20130597 (2014).

Trivedi, M. H. The link between depression and physical symptoms. Prim. Care Companion J. Clin. Psychiatry 6, 12-16 (2004).
Celi¢, R., Braut, V. & Petricevi¢, N. Influence of depression and somatization on acute and chronic orofacial pain in patients with
single or multiple TMD diagnoses. Coll. Antropol. 35,709-713 (2011).

Manfredini, D., Marini, M., Pavan, C., Pavan, L. & Guarda-Nardini, L. Psychosocial profiles of painful TMD patients. J. Oral
Rehabil. 36, 193-198. https://doi.org/10.1111/j.1365-2842.2008.01926.x (2009).

Reissmann, D. R., John, M. T., Wassell, R. W. & Hinz, A. Psychosocial profiles of diagnostic subgroups of temporomandibular
disorder patients. Eur. J. Oral Sci. 116, 237-244. https://doi.org/10.1111/j.1600-0722.2008.00528.x (2008).

Nickel, R. & Raspe, H. H. Chronic pain: epidemiology and health care utilization. Nervenarzt 72, 897-906. https://doi.org/10.
1007/s001150170001 (2001).

Jank, R., Gallee, A., Boeckle, M., Fiegl, S. & Pieh, C. Chronic pain and sleep disorders in primary care. Pain Res. Treat https://doi.
org/10.1155/2017/9081802 (2017).

Smith, M. T., Perlis, M. L., Smith, M. S., Giles, D. E. & Carmody, T. P. Sleep quality and presleep arousal in chronic pain. J. Behav.
Med. 23, 1-13. https://doi.org/10.1023/a:1005444719169 (2000).

Ohayon, M. M. Relationship between chronic painful physical condition and insomnia. J. Psychiatr. Res. 39, 151-159. https://doi.
org/10.1016/j.jpsychires.2004.07.001 (2005).

Finan, P. H. & Smith, M. T. The comorbidity of insomnia, chronic pain, and depression: dopamine as a putative mechanism. Sleep
Med. Rev. 17, 173-183. https://doi.org/10.1016/j.smrv.2012.03.003 (2013).

Yang, S. & Chang, M. C. Chronic pain: Structural and functional changes in brain structures and associated negative affective
states. Int. J. Mol. Sci. 20, 3130. https://doi.org/10.3390/ijms20133130 (2019).

Bushnell, M. C., Ceko, M. & Low, L. A. Cognitive and emotional control of pain and its disruption in chronic pain. Nat. Rev.
Neurosci. 14, 502-511. https://doi.org/10.1038/nrn3516 (2013).

Canales, G. D. L. T., Guarda-Nardini, L., Rizzatti-Barbosa, C. M., Conti, P. C. R. & Manfredini, D. Distribution of depression,
somatization and pain-related impairment in patients with chronic temporomandibular disorders. J. Appl. Oral Sci. 27, €20180210-
€20180210. https://doi.org/10.1590/1678-7757-2018-0210 (2019).

Isaacson, J. E., Moyer, M. T., Schuler, H. G. & Blackall, G. E. Clinical associations between tinnitus and chronic pain. Otolaryngol.
Head Neck Surg. 128, 706-710. https://doi.org/10.1016/s0194-5998(03)00227-4 (2003).

Meric, C., Gartner, M., Collet, L. & Chéry-Croze, S. Psychopathological profile of tinnitus sufferers: evidence concerning the
relationship between tinnitus features and impact on life. Audiol. Neurootol. 3, 240-252. https://doi.org/10.1159/000013796 (1998).
Vendrig, A. A. The minnesota multiphasic personality inventory and chronic pain: a conceptual analysis of a long-standing but
complicated relationship. Clin. Psychol. Rev. 20, 533-559. https://doi.org/10.1016/50272-7358(00)00053-2 (2000).

Tsang, A. et al. Common chronic pain conditions in developed and developing countries: gender and age differences and comor-
bidity with depression-anxiety disorders. J. Pain 9, 883-891. https://doi.org/10.1016/j.jpain.2008.05.005 (2008).

Latremoliere, A. & Woolf, C. J. Central sensitization: a generator of pain hypersensitivity by central neural plasticity. J. Pain 10,
895-926. https://doi.org/10.1016/j.jpain.2009.06.012 (2009).

Linton, S. J. et al. The role of depression and catastrophizing in musculoskeletal pain. Eur. J. Pain 15, 416-422. https://doi.org/10.
1016/j.ejpain.2010.08.009 (2011).

Author contributions

Y.-H.L. wrote the manuscript, Y.-H.L. and Q.-S.A. performed data acquisition, Y.-H.L. and Q.-S.A. performed
data analysis and interpretation, Y.-H.L. created the figures, and Y.-H.L. and Q.-S.A. revised the manuscript. All
authors have read and agreed to the final version of the manuscript.

Scientific Reports |

(2022) 12:9026 | https://doi.org/10.1038/s41598-022-12976-x nature portfolio


https://doi.org/10.1093/sleep/15.4.376
https://doi.org/10.1093/sleep/15.4.376
https://doi.org/10.1111/jgs.15354
https://doi.org/10.1016/j.sleep.2021.01.063
https://doi.org/10.1590/2176-9451.20.1.127-133.sar
https://doi.org/10.1016/j.archoralbio.2008.04.004
https://doi.org/10.1186/s12967-021-02833-2
https://doi.org/10.1111/j.1365-2842.2007.01838.x
https://doi.org/10.1002/jclp.20816
https://doi.org/10.1002/jclp.20816
https://doi.org/10.1016/j.jpain.2016.01.001
https://doi.org/10.2147/JPR.S127950
https://doi.org/10.1016/j.jpain.2015.12.001
https://doi.org/10.1016/S1047-9651(18)30342-5
https://doi.org/10.1016/S1047-9651(18)30342-5
https://doi.org/10.1002/da.20342
https://doi.org/10.2522/ptj.20130597
https://doi.org/10.1111/j.1365-2842.2008.01926.x
https://doi.org/10.1111/j.1600-0722.2008.00528.x
https://doi.org/10.1007/s001150170001
https://doi.org/10.1007/s001150170001
https://doi.org/10.1155/2017/9081802
https://doi.org/10.1155/2017/9081802
https://doi.org/10.1023/a:1005444719169
https://doi.org/10.1016/j.jpsychires.2004.07.001
https://doi.org/10.1016/j.jpsychires.2004.07.001
https://doi.org/10.1016/j.smrv.2012.03.003
https://doi.org/10.3390/ijms20133130
https://doi.org/10.1038/nrn3516
https://doi.org/10.1590/1678-7757-2018-0210
https://doi.org/10.1016/s0194-5998(03)00227-4
https://doi.org/10.1159/000013796
https://doi.org/10.1016/s0272-7358(00)00053-2
https://doi.org/10.1016/j.jpain.2008.05.005
https://doi.org/10.1016/j.jpain.2009.06.012
https://doi.org/10.1016/j.ejpain.2010.08.009
https://doi.org/10.1016/j.ejpain.2010.08.009

www.nature.com/scientificreports/

Fundin

This reseagrch was supported by the National Research Foundation of Korea Grant (NRF/2020R1F1A1070072),
which was obtained by Y.-H.L. and funded by the Korean government. This work was supported by the Korea
Medical Device Development Fund grant funded by the Korean government (the Ministry of Science and ICT,
the Ministry of Trade, Industry and Energy, the Ministry of Health & Welfare, Republic of Korea, the Ministry
of Food and Drug Safety) (Project Number: KMDF_PR_20200901_0023, 9991006696).

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Y.-H.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports|  (2022) 12:9026 | https://doi.org/10.1038/s41598-022-12976-x nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Comparison of sleep quality deterioration by subgroup of painful temporomandibular disorder based on diagnostic criteria for temporomandibular disorders
	Materials and methods
	Subjects. 
	Data Collection. 
	Characteristics of pain. 
	Contributing factors and comorbidities. 
	Sleep quality evaluation using PSQI. 
	Assessment of psychological distress using the symptom checklist-90-revision. 
	Excessive daytime sleepiness measured using the epworth sleepiness scale. 

	Statistical analysis. 
	Institutional review board statement. 
	Informed consent. 

	Results
	General description. 
	PSQI in patients with painful TMD. 
	Psychological distress in patients with painful TMD. 
	EDS in patients with painful TMD. 
	Correlations between PSQI global scores and other factors. 
	Predicting the factors influencing sleep quality. 

	Discussion
	Conclusions
	References


