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ABSTRACT

Background: The relationships between obstructive sleep apnea (OSA) and diverse types of
pain disorders have been reported. However, the interaction between OSA and pain-related
temporomandibular disorder (TMD) remains obscure.

Methods: A total of 60 adults (male/female, 48/12; mean age, 41.7 + 13.2 years) with
pain-related TMD were enrolled. All participants underwent overnight full-channel
polysomnography and had assessment of size and position of the tongue, tonsillar size,
height, and weight. Diagnostic Criteria/TMD criteria was applied to diagnose TMD.
Myofascial trigger points (TrPs) were bilaterally evaluated in the two masticatory and four
cervical muscles including the temporalis, masseter, trapezius, sternocleidomastoid,
occipitalis, and splenius capitis muscles. Participants were divided into three groups in
accordance with their levels of OSA.

Results: The significantly higher number of active TrPs were detected in participants with
severe OSA. The number of active TrPs in the masticatory muscles significantly interacted
with diverse types of apneic and arousal indices.

Conclusion: The myofascial pain modulating mechanisms and jaw function could have
interactions with nocturnal hypoxia and sleep fragmentation in chronic pain-related TMD patients.

Keywords: Obstructive Sleep Apnea; Temporomandibular Disorder; Oxygen Saturation; Pain;
Trigger Point; Sleep Fragmentation

INTRODUCTION

Obstructive sleep apnea (OSA), affecting 9% - 49% of the general population,!,2 is featured
by intermittent complete or partial collapse of the upper airway structures during sleep,
resulting in airflow pausing or reduction.3 OSA is accompanied by sleep fragmentation

and nocturnal hypoxemia which can inevitably lead to a variety of comorbidities and their
sequelae.# Many previous studies have focused on the consequences of untreated OSA such
as cardiovascular diseases, cognitive impairment, and increase risk of mortality.>-9 Therefore,
prompt diagnosis and management of OSA is critical for reducing the possibilities of
developing its comorbidities.
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A bidirectional link between poor sleep quality and a variety of pain conditions, particularly
musculoskeletal pain disorders has been proposed.1015 The relationship between OSA and
systemic inflammation appears to have an impact on the development and aggravation

of pain symptoms.16 Hypoxemia in OSA has been proven to increase the expression

of proinflammatory cytokines such as interleukin 6 and tumor necrosis factor-o and
overexpression of opioid receptors!6:17 both of which influence central and peripheral pain
sensitization and pain amplification mechanisms.16,18,19 The relationship between sleep
fragmentation and pain sensitization have been proposed, also.11,20,21 Pain management in
OSA patient is complex owing to complicated pain mechanisms and pathophysiology of OSA,
therefore the clear management guidelines or treatment protocol have not been proposed yet.

Temporomandibular disorder (TMD) is a collective term referring pain conditions and
functional jaw disabilities occurring in the masticatory muscles, temporomandibular joints,
and their related structures.?2 Several previous studies have emphasized the relationships
between sleep disorders and TMD.10,11,13,18,19,23,24 Approximately, 36% of TMD cases met
insomnia diagnostic criteria and over 28% met criteria for OSA.18 Otherwise, 51% of OSA
patients had TMD signs and symptoms compared to normal controls.10 In addition, one
long term cohort study suggested OSA as a risk factor for the development of first onset
TMD.19 The effects of hypoxemia and sleep fragmentation owing to oxygen desaturation
and respiratory arousal during night on peripheral and central sensitization in other pain
conditions have been postulated from previous reports, however, the clear interactions
among oxygen desaturation, sleep fragmentation, and pain-related TMD has not been
elucidated, so far. Hence, the aim of the present study was to clarify the potential role of
OSA on severity of orofacial pain and jaw function in patients with chronic pain-related TMD
using polysomnography (PSG) data.

METHODS

Participants and procedure

This was a cross-sectional study, conducted using the clinical records of TMD and PSG data
from 60 adults (male/female, 48/12; mean age, 41.7 + 13.2 years; age range, 19-74 years) who
had been referred to the department of dentistry at a tertiary university hospital, owing

to chronic orofacial pain and/or sleep disturbance at night. For more than six months, all
participants experienced pain-related TMD. Participants with neurodegenerative disorders,
fibromyalgia, chronic fatigue syndrome, craniofacial anomalies, regular use of analgesic and
psychotic medications, history of botulinum toxin injection in the masticatory and cervical
muscles within 6 months of study entry, and communication incapability were all excluded.

The participants were divided into three groups accordance with the level of OSA. Participants
in the control group did not have OSA, whereas those in the mild-moderate and severe OSA
group did. All participants underwent assessment of height, weight, size and position of the
tongue, and tonsillar size by a trained technician. To evaluate the size and position of the
tongue, the modified Mallampati’s score was applied?> and tonsillar size were determined using
a grading system proposed in a previous report.26 Two self-administered sleep questionnaires,
the Pittsburgh sleep quality index (PSQI) and the Epworth sleep index (ESS) were used to
determine the subjective sleep quality and daytime sleepiness, respectively.
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Polysomnography

All participants underwent a full overnight in-laboratory PSG (Embla N 7000, ResMed,
Germany). The following variables were assessed; total sleep time, sleep latency, sleep
efficiency, rapid eye movement (REM) latency, wake after sleep onset (WASO), apnea-
hypopnea index (AHI), respiratory disturbance index (RDI), respiratory effort related arousal,
oxygen desaturation index, arousal indices, and degree of oxygen saturation. Sleep montages
for electroencephalography, electromyogram, nasal airflow using a pressure cannula, oral
airflow using a thermistor, snoring recorded using a microphone attached near the thyroid
cartilage, respiratory thoracic and abdominal effort measured using plethysmography belts,
transthoracic two-lead electrocardiogram, and pulse oximetry were all determined.

Diagnosis of OSA

OSA was determined on the basis of the definition per Center for Medicare and Medicaid
Services.2” The diagnosis requires the observed apnea and hypopnea coupled with an AHI
of higher than five. The AHI was calculated as the sum of obstructive and mixed apneas and
hypopneas per hour of sleep as defined by the American academy of sleep medicine scoring
manual.2%28 All of the participants were divided into three groups. Participants with AHIs
less than or equal to 5 were classified as normal controls, those with AHIs between 5 and 30
were classified as the mild-moderate OSA group, and those with AHI greater than 30 were
determined as severe OSA group.29

Diagnosis of the TMD and determination of the number of myofascial trigger
points (TrPs) in the masticatory and cervical muscles

TMD was diagnosed according to the Diagnostic Criteria for/TMD (DC/TMD) criteria.
Clinical parameters, including amount of pain free opening and maximum unassisted
opening, as well as the duration of pain-related TMD symptoms, such as difficulties in
opening and/or closing the mouth, and pain in the temple, jaw, and preauricular areas

were evaluated. The subjective severity of chronic orofacial pain was assessed using a visual
analogue scale and Global Chronic Pain Scale (GCPS) in accordance with the DC/TMD axis II.
GCPS is a reliable and valid instrument which assess pain intensity and pain related disability
including two subscales, pain intensity and pain disability. Myofascial TrPs were measured
bilaterally in the two masticatory and four cervical muscles including the temporalis,
masseter, trapezius, sternocleidomastoid, occipitalis, and splenius capitis muscles. TrPs were
determined on the basis of the criteria suggested by Simon and Travell.30 The parameters
associated with TMD and the number of TrPs in the masticatory and cervical muscles were
assessed by one orofacial pain specialist (JHK).

Statistical analysis

A total sample size of 60 participants in a two-way analysis of variance (ANOVA) provided a
statistical power of 88.1% at a 0.05 significance level with an effect size of 0.4, according to the
power analysis. The data were found to be normally distributed using the Shapiro-Wilk normality
test, hence parametric analysis was applied. To compare the participants’ demographic
characteristics, PSG results, and parameters related to TMD of the participants, one-way ANOVA
and chi-square test were used for continuous and categorical variables, respectively.

Pearson’s correlation coefficient was applied to determine the associations between results
from PSG and parameters about pain-related TMD. The variables related with PSG which
showed significant differences among the groups were adopted in the correlation analysis.
All tests were two-sided and Pvalues which were less than 0.05 by one-way ANOVA and >
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test, and less than 0.0005 by Pearson’s correlation analysis with Bonferroni’s correction, were
considered statistically significant, respectively.
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Ethics statement

The research protocol was approved by the Institutional Review Board of the Ajou University
Hospital (AJIRB-DB-2022-369) and the Institutional Review Board waived the documentation
of informed consent due to the retrospective design of the study.

RESULTS

Demographic characteristics, subjective sleep quality, and TMD features of
participants

There were no statistically significant differences of the age, sex distribution, size and
position of the tongue and tonsil among the three groups. On the other hand, differences
in body mass index (P =0.007), ESS (P < 0.001), and PSQI (P = 0.015) showed statistical
significance. The parameters related with pain-related TMD symptoms did not show
significant differences among three groups except the number of active TrPs in the
masticatory muscles and extent of chronicity of the pain-related TMD (P = 0.045) (Table 1).

The distribution of DC/TMD diagnosis including intra-articular TMD and presence

of degenerative joint disease and headache attributed to TMD did not show statistical
significance among groups, however distribution of pain-related TMD diagnosis showed
significant differences (P < 0.001) among the groups. The participants with severe OSA
presented higher prevalence of myofascial pain compared to other two groups (Table 2).

Table 1. Comparison of demographic characteristics, subjective sleep quality, and TMD features of participants

Variables Control Mild-Moderate Severe P value Post hoc
(n=20) (n=19) (n=21)

Age, yr 38.5+9.4 41.4+15.8 45.0+13.5 0.289

Sex (mMale/female)? 13/7 16/3 19/2 0.107

BMI 25.4+ 3.8 27.7 £ 3.6 29.3+ 3.8 0.007" Control-severe

ESS 12.3£3.7 7.52 + 3.34 10.4 £ 4.3 <0.001" Control-mild-moderate

PSQI 9.50 + 3.00 6.95+ 2.53 7.90+ 2.53 0.015" Control-mild-moderate

Tonsillar size® 2 (1-2) 2 (1-3) 2 (2-2.5) 0.398

Modified Mallampati score? 3(2.25-4) 3(3-3) 3(3-4) 0.308

VAS 4.05+2.78 5211 2= 3,115 4.81+2.42 0.422

Duration of painful TMD symptoms, mon 34.0+ 46.5 27.9 + 36.7 56.2 + 59.3 0.160

Pain free opening, mm 46.4+8.8 47.4+8.4 492.9+10.4 0.280

Maximum unassisted opening, mm 48.3+5.7 49.0+ 7.9 46.0+10.1 0.493

Number of active TrPs in masticatory muscles 0.65+0.93 0.79 + 0.85 1.71+1.23 0.003" Control-severe

Number of active TrPs in cervical muscles 0.75+2.31 0.26 + 0.93 0.62+1.91 0.693

Number of latent TrPs in masticatory muscles 0.85+0.81 0.47 + 0.61 0.38+0.74 0.104

Number of latent TrPs in cervical muscles 0.35+0.88 0.26 + 0.93 0.33+1.32 0.964

Number of positive sites of capsule palpation 0.75+ 0.64 0.63 + 0.50 0.71+0.64 0.820

GCPS® 1(1-92) 1(1-3) 3(1.5-3) 0.045"

TMD = temporomandibular disorders, BMI = body mass index, ESS = Epworth sleep index, GCPS = graded chronic pain scale, PSQI = Pittsburgh sleep quality
index, OSA = obstructive sleep apnea, =,TrP = trigger point, VAS = visual analog scale.

Descriptive values are shown as mean = SD or median (25"-75" percentile). Data obtained from one-way ANOVA. Post-hoc analysis was conducted by
Bonferroni’s test.

Data obtained from y* test.

P <0.05, ""P < 0.001 by one-way ANOVA and y” test.
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Table 2. Diagnostic classification based on the DC/TMD criteria

Diagnostic classification Control Mild-moderate Severe P value
(n = 20) (n=19) (n=21)

Normal disc/DD with reduction/DD with reduction with intermittent locking/DD w/o 12/18/1/3/4/2 9/19/1/1/5/3 18/10/1/3/5/5 0.194

reduction with limited opening/DD w/o reduction without limited opening/subluxation?

None/myalgia/MFP/arthralgia/myalgia+arthralgia/myofascial pain+arthraltia® 4/15/7/7/3/4 13/6/9/2/4/4 4/3/24/1/4/6  <0.001™"

Degenerative joint disease® 39/1 33/5 38/4 0.221

Headache attributed to TMD 16/4 17/2 15/6 0.131

Data obtained from y? test.
DD = disc displacement, TMD = temporomandibular disorders, TMJ = temporomandibular joint MFP = myofascial pain.

2The diagnosis of intra-articular TMD, pain-related TMD, and presence of degenerative joint diseases were conducted separately in both sides of the TMJs.

P <0.05, ""P < 0.001 by y? test.

PSG results

The length of REM sleep (P= 0.041) and non-REM (NREM) stage 1 (P < 0.001) and 3 sleep
(P=10.013) showed statistical differences among the groups. Moreover, differences of AHI
(P<0.001), RDI (P < 0.001), total arousal (P < 0.001), mean (P < 0.001) and lowest oxygen
saturation (P < 0.001), and average oxygen desaturation (P < 0.001) showed statistical

significance (Table 3).

Associations among variables related with pain-related TMD and sleep apnea
The number of active TrPs in the masticatory muscles showed significant interactions with
variety of apneic and arousals indices including AHI, RDI, respiratory arousal, and degree

of mean oxygen saturation, average oxygen desaturation, and average oxygen saturation
during REM sleep. The degree of the pain free opening and maximum unassisted opening
did not present significant correlation with parameters related with sleep quality and oxygen

desaturations (Table 4).

DISCUSSION

OSA is a chronic condition which is often associated with diverse types of comorbidities

including cardiovascular disease and cognitive impairment, increasing the risk of
mortality.57 OSA also has an effect on pain modulating mechanism in diverse types of pain
disorders.11,18,3135 TMD, one of the most common musculoskeletal disorders in the general

population appears to interact with sleep disorders including OSA10,11,13,18,19,23 hut the
underlying mechanisms have not been revealed. The purpose of the current study was to
elucidate the potential relationships among OSA, orofacial pain, and jaw function in patients

with chronic pain-related TMD.

The novel findings of the present study were the significant correlations between the number of
active TrPs in the masticatory muscles and the degree of oxygen desaturation. The association
between higher analgesic sensitivity to opioid and nocturnal oxygen desaturation in OSA
patients have been observed, previously.l” Nocturnal oxygen desaturation appeared to play a

role in upregulation of pro-inflammatory cytokine levels, particularly, interleukin-6 which can
influence on occurrence of hyperalgesia through enhancement of transient receptor potential
vanilloid 1 activity.36,37 Moreover, there has been some evidence that interleukin-6 may induce
enhancement of N-methy-D-aspartate receptor activity which may lead to impaired descending
pain inhibitory pathways.38,39 Therefore, the nocturnal hypoxic condition in pain-related TMD
patients may have associations with increased pain sensitivity and altered descending pain

inhibitory pathway and finally this can have influence on development of central sensitization

and hypersensitive taut bands in the masticatory muscles.

https://jkms.org https://doi.org/10.3346/jkms.2022.37.e307
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Table 3. Polysomnography results of the participants

Variables Control Mild-moderate Severe Pvalue Post hoc
(n =20) (n=19) (n=21)
Total sleep time, min 376.3+58.6 381.7 +51.3 372.9+63.3 0.891
N1 (%) 11.7 £ 4.9 13.5+7.5 26.8 +13.2 <0.001"" Control-severe
Mild-moderate-severe
N2 (%) 59.9+9.2 61.0+ 8.4 54.2+12.4 0.083
N3 (%) 9.81+7.91 4.56 + 7.42 2.84+7.31 0.013" Control-severe
REM (%) 18.7+5.4 21.0+ 5.9 16.2+ 6.0 0.041" Mild-moderate-severe
Sleep latency, min 34.4+91.1 17.2+17.4 17.1+21.4 0.522
Sleep efficiency (%) 81.0+17.7 82.8+11.4 81.0+12.3 0.888
REM latency, min 134.0+ 58.0 116.5+ 56.3 116.7 + 74.4 0.613
Wake after sleep onset, min 62.9 = 48.9 62.3 £ 55.5 68.2 + 54.0 0.925
AHI 3.69 + 2.66 17.8+ 5.0 51.9 = 20.0 <0.001" Control-mild-moderate
Control-severe
Mild-moderate-severe
Obstructive apnea 0.65+1.35 3.17 + 3.03 29.3+15.4 <0.001"" Control-severe
Central apnea 0.42 + 0.66 0.48 + 0.60 1.45+1.64 0.005" Control-severe
Mild-moderate-severe
Mixed apnea 0.06 +0.11 0.74 + 2.50 7.80+11.6 <0.001"" Control-severe
Hypopnea 2.49+92.192 13.4+ 4.9 29.6+13.7 <0.001" Control-mild-moderate

Control-severe

Mild-moderate-severe

Supine AHI 3.39+3.20 19.8 +10.5 56.7 £ 21.4 <0.001" Control-mild-moderate
Control-severe

Mild-moderate-severe

RDI 11.0+5.3 26.1+5.8 57.0+17.6 <0.001" Control-mild-moderate
Control-severe

Mild-moderate-severe

oDl 3.07 £ 2.24 17.1+ 4.86 50.0+19.2 0.213
Relative snoring time (%) 28.0+ 20.1 36.4+292.8 47.0+19.1 0.017" Control-severe
PLMI 4.33+9.20 1.39+5.35 1.54+5.61 0.331
Arousal
Total arousal 18.3+6.8 20.6 £ 7.6 47.3+18.4 <0.001" Control-severe
Mild-moderate-severe
RERA 7.29 = 4.22 8.17 + 4.68 5.56+5.21 0.213
Respiratory arousal 1.99 + 1.95 9.12 + 4.54 40.4 £ 20.4 <0.001" Control-severe
Spontaneous arousal 8.50+4.53 3.31+2.33 4.63 +15.6 0.225
PLM arousal 0.50+1.34 6] 0.10+0.41 0.135
Oxygen saturation
Mean oxygen saturation 97.1+0.5 95.2+1.14 93.1+2.5 <0.001" Control-mild-moderate

Control-severe

Mild-moderate-severe

Lowest oxygen saturation 90.6 + 3.7 82.6+ 8.9 74.8£9.0 <0.001" Control-mild-moderate
Control-severe

Mild-moderate-severe

Average oxygen desaturation 3.62 +1.02 5.17 + 2.27 8.98 + 4.40 <0.001" Control-severe
Mild-moderate-severe
Average oxygen saturation during wake 97.3+0.5 95.9+ 1.0 94.5+1.8 <0.001™" Control-mild-moderate

Control-severe
Mild-moderate-severe
Average oxygen saturation during REM 91.2+0.7 94.8+1.8 92.2+3.5 <0.001" Control-mild-moderate
Control-severe
Mild-moderate-severe
Average oxygen saturation during NREM 97.0+ 0.6 95.4+1.1 88.7 + 20.5 0.077
Descriptive values are shown as mean + SD.
Data obtained from one-way ANOVA. Post-hoc analysis was conducted by Bonferroni’s test.
N1=NREM stage 1, N2 = NREM stage 2, N3 = NREM stage 3, REM = rapid eye movement, AHI = apnea-hypopnea index, RDI = respiratory disturbance index, ODI =
oxygen desaturation index, PLMI = periodic limb movement index, RERA = respiratory effort-related arousal, PLM = periodic limb movement, NREM = non-REM.
P <0.05, ""P < 0.001 by one-way ANOVA.
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Table 4. Correlations between TMD pain parameters and sleep characteristics

Variables Duration of TMD VAS Number of active TrPs in Pain free Maximum unassisted
symptoms masticatory muscles opening opening
ESS 0.040 0.130 -0.128 -0.048 -0.001
PSQI -0.104 0.300 -0.045 -0.161 -0.135
N1 0.068 -0.152 0.197 0.005 -0.006
N2 -0.075 0.092 -0.063 -0.150 -0.051
N3 -0.086 0.126 -0.139 0.277 0.231
R 0.116 -0.037 -0.081 -0.118 -0.185
AHI 0.129 0.066 0.485" -0.186 -0.20
Obstructive apnea 0.117 -0.044 0.334" -0.225 -0.277
Central apnea -0.054 -0.060 0.217 -0.046 -0.064
Mixed apnea -0.101 -0.136 0.252 -0.046 -0.079
Hypopnea 0.221 0.332" 0.337° -0.088 -0.070
RDI 0.136 0.076 0.436" -0.182 -0.184
Relative snoring time 0.176 0.289 0.234 -0.050 0.018
Arousal
Total arousal 0.117 -0.155 0.241 -0.130 -0.193
Respiratory arousal 0.115 -0.073 0.353" -0.170 -0.234
Oxygen saturation
Mean oxygen saturation -0.001 -0.050 -0.412" 0.077 0.119
Lowest oxygen saturation 0.033 -0.109 -0.495"" 0.204 0.281
Average oxygen desaturation 0.007 -0.058 0.392" -0.186 -0.218
Average oxygen saturation during wake -0.110 -0.082 -0.393" 0.088 0.133
Average oxygen saturation during REM -0.005 -0.096 -0.388" 0.151 0.214

The figures in bold indicate values with statistical significance.

TMD = temporomandibular disorders, VAS = visual analog scale, TrP = trigger point, ESS = Epworth sleep index, PSQI = Pittsburgh sleep quality index, N1 = NREM
stage 1, N2 = NREM stage 2, N3 = NREM stage 3, AHI = apnea-hypopnea index, RDI = respiratory disturbance index, REM = rapid eye movement sleep, NREM =
non-REM.

"P <0.0005, P < 0.00001 by Pearson’s correlation analysis with Bonferroni’s correction.

Several previous reports have proposed the relationship between sleep fragmentation

and pain sensitization.11,20,21 Aforementioned results also supported this phenomenon

that respiratory arousals had significant correlations with the number of active TrPs in the
masticatory muscles. Sleep deprivation can cause myalgia, tenderness, and chronic fatigue
and one study suggested that sleep deprivation impairs descending pain-inhibition pathways
that are crucial for controlling and coping with pain.2! Slow wave NREM sleep seems to have
arole in suppression of cortisol activity in feedback loop of the hypothalamus-pituitary-
adrenal (HPA) axis.40 The chronic TMD patients presented altered feedback mechanisms of
HPA axis and increased the levels of orofacial pain intensity and pain-related jaw function
disability.#! Hence, disrupted slow wave sleep and sleep fragmentation owing to apneic
conditions during sleep might have associations with altered HPA axis feedback mechanism
and descending pain-inhibitory pathway impairment. Even though, the impacts of disrupted
slow wave sleep structure on pain sensitization and jaw function could not be detected

from the present study, the associations among deteriorated sleep structures owing to
increased respiratory arousal, altered endocrinological homeostasis, and the development of
hypersensitive myofascial TrPs in the masticatory muscles could be assumed.

One intriguing finding was that the significant differences of number of TrPs among the
groups were only found in the masticatory muscles, not in the cervical muscles. Because this
study was conducted in TMD and orofacial pain clinic, participants in this study might report
less suffering from the cervical muscles than from the masticatory muscles.

To the best of our knowledge, the present study is the first attempt to reveal the potential
associations among OSA, pain sensitization, and altered jaw function in the chronic pain-
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related TMD patients. However, there are some restrictions. To begin with, because the
present study was a hospital-based study, the participants were recruited from a tertiary
university hospital rather than from the community. Secondly, owing to the relatively small
sample size, particularly among female OSA patients, the statistical power is inevitably
compromised. In addition, this study may provide limited information about the role of
sex in pain sensitization in OSA patients. Thirdly, the precise role of oxygen desaturation
burden and hypoxemia on pain modulating mechanisms could not be derived due to lack of
laboratory analysis. Future research with larger samples of participants including sufficient
number of both male and female OSA patients recruited from the community should be
required for further investigations.

In conclusion, complicated pain modulating mechanisms and jaw function could be
influenced by diverse factors including oxygen desaturation, and sleep deprivation in patients
with both pain-related TMD and OSA. Because there has been no consensus on the treatment
protocol for pain-related TMD with OSA, it has not been established which disease should be
treated first. TMD and orofacial pain specialists should consider not only symptoms of TMD
but also OSA, because OSA could cause exaggerated orofacial pain perception and altered
jaw function in patients with pain-related TMD. For better management of patients with

both OSA and chronic TMD, thorough understanding of significant interactions between
these two different conditions would be warranted. Interdisciplinary treatment including a
physician, a dentist and an otolaryngologist is also warranted.
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