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Study Objectives: Temporomandibular pain disorders (TMD) 
and myofascial pain were linked to increased prevalence of 
insomnia and obstructive sleep apnea (OSA) on clinical grounds. 
However, the literature lacks an accurate polysomnographic 
(PSG) characterization of sleep abnormalities associated with 
TMD, given that prior studies included small or uncontrolled 
samples of TMD patients. The present investigation aims 
to objectively evaluate measures of sleep and respiratory 
disturbance in a large representative sample of TMD cases in 
comparison with matched controls.
Methods: Sleep, respiration, and limb movements were 
measured using a 2-night attended PSG protocol in 170 
women—124 TMD cases with myofascial pain and 46 
demographically matched controls. The second night data 
were compared between the groups using ANCOVAs. In 
TMD cases, the relationship between pain ratings and sleep 
parameters was analyzed using multiple regressions.
Results: In comparison to healthy controls, TMD cased 
evidenced a signifi cant increase in stage N1 sleep 
(12.2% ± 7.6% vs. 9.2% ± 5.0%, p = 0.03), which was only mild 

relative to normative values. TMD cases also demonstrated 
mild but signifi cant elevations in arousals associated with 
all types of respiratory events (6.0/h ± 6.1 vs. 3.5/h ± 3.3 
p = 0.02) and in respiratory effort related arousals (RERAs, 
4.3/h ± 4.3 vs. 2.6/h ± 2.7, p = 0.02). Myofascial pain predicted 
a lower sleep effi ciency (p = 0.01), more frequent awakenings 
(p = 0.04), and higher RERA index (p = 0.04) among TMD 
cases.
Conclusions: Myofascial pain in TMD is associated with mild 
elevation in sleep fragmentation and increased frequency of 
RERA events. Further research is required to evaluate the 
clinical signifi cance of these fi ndings.
Keywords: Temporomandibular disorders, myofascial pain, 
sleep disturbance, respiratory effort related arousals, upper 
airway resistance
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Temporomandibular disorders (TMD), most often charac-
terized by painful musculoskeletal signs and symptoms in 

the masticatory region, is a pain syndrome estimated to affect 
approximately 5% to 15% of the population, predominantly 
women.1-4 Subjective sleep disturbance has been consistently 
reported in TMD patients.5,6 Two earlier polysomnographic 
(PSG) studies failed to demonstrate objective differences in 
sleep or respiratory measures between TMD cases with myofas-
cial pain and control participants free from myofascial pain and 
signs of TMD; however, the small sample sizes and restrictive 
selection criteria limit their interpretability.7,8

A recent investigation employing PSG recordings and clin-
ical sleep interviews in an uncontrolled sample of TMD cases 
showed that TMD is associated with primary sleep disorders, 
such as insomnia and obstructive sleep apnea (OSA): nearly 
36% of TMD cases met diagnostic criteria for insomnia, and 
over 28% met criteria for OSA.9 In the same sample of TMD 
cases, sleep effi ciency on PSG was directly related to a measure 
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of pain threshold, suggesting an association between pain and 
sleep disturbance in TMD.9,10 Additionally, a high prevalence 
of TMD was reported in clinical patients with mild to moderate 
OSA referred for a clinical dental evaluation, lending further 
support to the association between TMD and OSA.11 It was 

BRIEF SUMMARY
Current Knowledge/Study Rationale: A relationship between temporo-
mandibular pain disorders (TMD) and sleep and respiratory disturbance 
has been suggested; however, large-scale controlled polysomnographic 
studies are lacking. The present investigation used two-night polysom-
nography to measure sleep architecture and respiration in a large sam-
ple of women with TMD and demographically matched controls.
Study Impact: TMD cases, relative to controls, evidenced a higher per-
centage of stage N1 sleep and a higher respiratory effort related arousal 
index. However, overall sleep and respiratory disturbances were only 
mild in the TMD group. The clinical signifi cance of these fi ndings is pres-
ently unclear and merits further investigation.
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argued that a 28% rate of OSA diagnosis in a sample of TMD 
patients composed mainly of young females with relatively 
low body mass index (BMI) lends support to the possibility of 
elevated risk of OSA in TMD, requiring further evaluation in a 
large scale study.9

However, mean sleep architecture and continuity measured 
by polysomnography were within normative ranges, including 
sleep efficiency, sleep onset latency, rapid eye movement 
(REM) sleep latency, and sleep stage distribution.9,10 Further, 
in this sample of TMD cases, the mean apnea-hypopnea index 
(AHI) was only borderline at 5.1 events per hour.9,10 While the 
diagnosis of OSA in these participants was based on established 
criteria for scoring and interpreting the respiratory disturbance 
index (RDI) using standard laboratory PSG, which includes 
respiratory effort related arousals (RERAs) in addition to apneas 
and hypopneas,12,13 the degree of sleep disordered breathing 
among TMD cases who met the criteria for OSA was predomi-
nantly mild.9,10 Moreover, no control group was employed.9,10 
Therefore, the question of whether TMD and non-TMD popu-
lations are systematically different on objective measures of 
sleep and sleep disordered breathing remains unanswered.

The present investigation set out to determine whether PSG 
measures of sleep architecture, respiratory events and limb 
movements differ between a large, well-defined sample of 
women with TMD and demographically similar control partici-
pants. The evaluation of a possible association between PSG 
variables and myofascial pain measures in TMD cases was a 
secondary aim of the study. This investigation was part of a larger 
study of the association between TMD and sleep bruxism.14 It 
was hypothesized that TMD patients would evidence a greater 
objective sleep disturbance and a higher frequency of respira-
tory events than control participants.

METHODS

The research protocol was approved by the Institutional 
Review Board at the New York University (NYU) School of 
Medicine.

Participants
Recruitment, interviews and examinations took place at the 

New York University College of Dentistry (NYUCD). The 
PSG data were recorded at a sleep laboratory affiliated with the 
NYU School of Medicine. All participants signed the informed 
consent form. Only female participants were recruited, as TMD 
afflicts predominantly women.1 Participants were recruited 
solely on the basis of the presence (cases) or absence (controls) 
of a myofascial TMD; no consideration was given to the pres-
ence of other factors, such as bruxism. All TMD cases met 
Research Diagnostic Criteria for TMD (RDC/TMD) Group I 
(involving myofascial pain).15 The criteria include report of pain 
or ache in the facial area, as well as pain reported in response 
to palpation of ≥ 3 of the 20 facial muscle sites. More detailed 
descriptions of the RDC/TMD criteria used for the inclusion 
of TMD participants are reported elsewhere.14 Control partici-
pants were recruited from NYUCD dental clinics and acquain-
tances of participating cases. Excluded from participation were 
persons who were pregnant, habitually smoked after bedtime, 
habitually slept < 4 h per night or had < 4 h of sleep on the 

adaptation PSG night, had diabetes or peripheral neuropathy, 
had a neuropathic facial pain condition, had severe OSA 
(AHI ≥ 30 events/h of sleep) diagnosed previously or identi-
fied on the first study night, used positive air pressure (PAP) 
devices, wore a soft appliance for bruxism, had sustained a 
physical trauma to face, or had ongoing dental work. Cases and 
controls were matched for age, socioeconomic status, self-iden-
tified race, and self-identified Hispanic ethnicity.

Measures
Participants were interviewed by the clinical research coor-

dinator regarding their pain experience using a standardized 
RDC/TMD pain history questionnaire. The questionnaire 
assessed the length of myofascial pain and pain-related func-
tional disability (measured on a Likert scale from 0 to 10). It 
also included rating scales that measured myofascial pain at the 
time of the interview, the worst pain in the preceding 6 months, 
and average pain in the preceding 6 months (Likert scales with 
the 2 extremes defined in words: 0 is “no pain” and 10 is “pain 
as bad as it could be”). The mean of these 3 rating scales was 
defined as “characteristic pain intensity” (CPI).16 In addition, 
on the evening of each PSG, participants rated their myofascial 
pain at that moment in time (current) and the average pain in 
the preceding 24-h period on a similar scale. In the morning 
after each PSG, participants rated the average pain during the 
PSG night, as well as current pain. More detailed descriptions 
of pain measures are reported elsewhere.14 Control participants 
were free from myofascial pain. All participants also completed 
the Epworth Sleepiness Scale (ESS) questionnaire.17

Each participant was scheduled to complete all-night 
attended PSG recordings on 2 consecutive nights. On both 
nights the PSG montage included a 6-channel electroencepha-
logram (EEG), bilateral electrooculogram (EOG), submental 
electromyogram (chin EMG), bilateral anterior tibialis EMG, 
electrocardiogram (ECG) using a single modified lead II, rib 
cage and abdominal movement belts with piezoelectric sensors, 
nasal airflow pressure transducer and nasal/oral thermistor, 
oximetry, a snoring sensor, and a body position sensor. In addi-
tion, bilateral masseter EMG and bilateral temporalis EMG 
channels were used to detect bruxism events. A SomnoStarPro 
acquisition system (Viasys Healthcare, San Diego, CA) with 
sampling rates ranging from 50 Hz to 200 Hz was used. Audio 
and video signals were recorded continuously. The onset and 
offset times of nocturnal PSG recordings were determined from 
each participant’s habitual bedtime and uptime, with the record-
ings running approximately from 22:30 to 07:00. To control for 
the first night effect, data from the first PSG night were consid-
ered an acclimation night and were not generally used in the 
analyses. They were, however, used for 3 TMD participants 
who declined to return for the second night, and for 6 TMD 
cases and 1 control participant whose data from the second PSG 
night were unusable due to technical difficulties.

PSG data were exported to Stellate Harmonie software 
(Natus, San Carlos, CA) for analysis, where manual scoring of 
sleep stages, arousals, apneas, hypopneas, RERAs, and periodic 
limb movements (PLMs) was done by 2 scorers in accordance 
with the American Academy of Sleep Medicine (AASM) 2007 
Scoring Manual, using the recommended hypopnea defini-
tion.12 Both scorers had Ph.D. degrees and extensive training 
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in sleep medicine, including the experience of scoring sleep 
records under a direct supervision of a physician board-certified 
in sleep. Adequate interscorer reliability was ascertained for the 
larger study and published elsewhere.14

The following variables were derived from the scored data: 
total sleep time (TST, min), sleep efficiency (SE = TST / time in 
bed * 100%), sleep onset latency (SOL, min), number of awak-
enings, number of sleep stage shifts into N1 from any other 
stage of sleep (stage N1 shifts), percentages of sleep stages 
N1, N2, N3, and REM sleep (time in a given sleep stage / TST 
* 100%), REM sleep latency (min), AHI, RERA index, RDI 
calculated as the number of apneas, hypopneas, and RERAs 
per hour of sleep,13 indices for spontaneous arousals, respira-
tory event-related arousals (arousals associated with all types of 
respiratory events), PLM-related arousals, and for all arousals 
combined, as well as a PLM index. Presence and severity of 
abnormal values were determined based on AASM recom-
mended cutoffs.13,18,19 All indices were calculated as the number 
of events per hour of sleep.

Data Analysis
Independent-samples t tests were used to compare BMI, age, 

and ESS scores between TMD cases and control participants. 
Analysis of covariance (ANCOVA) was used to analyze group 
differences on all PSG measures of sleep architecture, arousal 
indices, respiratory events and PLMs, with BMI and age as 
covariates. In addition, because the majority of dependent vari-
ables had a skewed distribution, similar ANCOVA models were 
used to confirm raw score analysis after rank-transformation. 
As the pattern of results was essentially the same for both anal-
yses, with some loss of power after the rank transformation, 
only the results of the analysis of raw scores are reported. To 
analyze the relationship between myofascial pain and sleep in 
TMD cases only, each PSG variable was treated as an outcome 
variable in parallel multiple regression models that contained 
the pain ratings as explanatory variables and adjusted for BMI 
and age. The following PSG variables were selected for this 
analysis based on the combined considerations of typically 
reported PSG parameters and the pattern of between-group 
differences: SE, SOL, REM sleep latency, stage N1%, number 
of awakenings, number of stage N1 shifts, respiratory arousal 
index, spontaneous arousal index, total arousal index, RERA 
index, RDI, and AHI. In addition, Fisher exact test was used to 
compare TMD cases and controls on the frequency of meeting 
exclusion criteria and medication use. Significance level of 0.05 
was used for all analyses. The ratio of TMD cases to controls 
was planned to be approximately 2:1 in order to provide power 
of 80% to detect moderately sized effects between controls and 
any half of the cases that might be distinguished by variables 
related to aims of the parent study; power in excess of 80% was 
available for comparisons of all cases to controls in the present 
investigation.

RESULTS

Participant Characteristics
Among prospective TMD participants, 5 were excluded due 

to self-reported severe OSA and PAP use, 7 were excluded 

based on the self-report of obtaining < 4 h of sleep per night, 
and one was excluded due to both PAP use and short nocturnal 
sleep. Among prospective control participants, 2 were excluded 
due to self-reported short sleep times. No participants were 
excluded based on the results of the first night adaptation PSG 
study. Thus, 13/137 (9.5%) of cases and 2/48 (4.2%) of controls 
were excluded for reasons that would likely have increased PSG 
indices of disturbed sleep, but the exclusion rates were statisti-
cally similar between the groups (Fisher exact test, p = 0.36).

A total of 170 women (124 diagnosed with myofascial TMD, 
46 controls) completed the study. No differences were observed 
between the groups on any measured demographic variable. 
Self-reported race was predominantly white (62.6%), black 
(14.4%), or “other” race (14.4%), with the other 8.6% comprised 
of several categories, including Asian, Native American, and 
biracial. Hispanic ethnicity was reported by 22.5%. Mean age 
was 39.2 years (standard deviation [SD] = 14.6, range 19-78), 
with a mean of 15 years of education (SD = 2.2, range 11-20). 
Both groups had a similar age composition (mean = 40.3 years, 
SD = 14.8 in TMD cases; mean = 36.1 years, SD = 13.5 in 
controls, p = 0.1). The mean BMI was borderline elevated and 
essentially identical in both groups (mean = 25.0 kg/m2, SD = 5.0 
in TMD cases and mean = 25.0 kg/m2, SD = 5.5 in controls, 
p = 0.96). The mean ESS values were within normal limits and 
similar in both groups (mean = 6.5, SD = 4.3 in TMD cases; 
mean = 7.1, SD = 4.3 in controls, p = 0.39). The TMD cases 
reported moderate intensities of characteristic pain (mean = 5.2, 
SD = 1.7), relatively low levels of pain disability (mean = 1.8, 
SD = 2.2), and the onset of facial pain approximately 10.5 years 
before study entry (mean = 10.5 years, SD = 10.6; median = 7 
years).

Polysomnographic Data
Based on self-reports, the days preceding the PSG nights 

were typical in terms of alcohol and caffeine consumption, as 
well as daytime fatigue and napping behavior. Table 1 shows 
descriptive statistics for all PSG measures and p values for 
between-group comparisons.

Sleep Architecture and Arousal Variables
As seen in Table 1, TMD cases had a significantly higher 

mean percentage of stage N1 sleep (p = 0.03) and tended 
towards a greater number of awakenings (p = 0.07) and a 
greater number of stage N1 shifts (p = 0.06). TMD cases also 
showed almost twice as many arousals associated with all types 
of respiratory events (apneas, hypopneas and RERA events) as 
controls (p = 0.02). Groups did not differ on indices of spon-
taneous arousals, PLM-related arousals, or total arousals. 
Mean REM sleep latency, although longer in TMD cases than 
controls, remained within normal limits in both groups.

Respiratory Events
Central apneas were similarly rare in both groups 

(mean < 0.4/h of sleep, SD < 0.6). Therefore, these events were 
aggregated with obstructive respiratory events for the purposes 
of reporting AHI and RDI. As shown in Table 1, the mean AHI 
values were similarly low in both groups (< 4/h of sleep). The 
mean RDI values were mildly elevated in both groups and 
tended to be more so among cases than controls (8.1/h of sleep 
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vs. 5.0/h of sleep, p = 0.06). The mean RERA indices were low 
in both groups; however, significantly higher in TMD cases than 
controls (4.3/h of sleep vs. 2.6/h of sleep, p = 0.02). Thus, the 
evidence for the increased sleep disordered breathing among 
TMD cases is specific to increased frequency of RERAs.

Given the fact that scoring of a RERA event requires an 
EEG arousal from sleep, a multiple linear regression analysis 
was performed to evaluate whether the increased RERA index 
in TMD cases was due to differences in sleep fragmentation 
between groups. The analysis showed that the RERA index 
remained significantly predicted by TMD Status (B = 1.13, 
standard error = 0.43, p = 0.01) after adjusting the model for 
BMI, age, stage N1%, number of awakenings, number of stage 
N1 shifts, spontaneous arousal index, and total arousal index. 
Therefore, the increased frequency of RERAs among TMD 
cases appears statistically independent of sleep fragmentation 
measures, such as awakenings, total arousals and stage N1%.

PLMs
As shown in Table 1, the mean PLM indices and the mean 

indices for PLM-associated arousals were similarly low in both 
groups.

Pain

Myofascial Pain Ratings and PSG Variables in TMD Patients
Table 2 summarizes the results of the multiple regression 

models for dependent PSG variables that had a significant rela-
tionship with at least one pain measure. Post-sleep ratings of the 
average pain during the PSG night were inversely related to SE 

(B = 1.34, standard error = 0.49, p = 0.01) and directly related 
to the number of awakenings (B = 1.32, standard error = 0.62, 
p = 0.04) and RERA index (B = 0.43, standard error = 0.21, 
p = 0.04). Pre-sleep ratings of current pain were inversely related 
to SOL (B = -2.16, standard error = 1.05, p = 0.04). However, 
higher pre-sleep ratings of current pain were associated with the 
use of opioid medications as a binary variable (r(118) = 0.22, 
p = 0.02), and the introduction of the opioid medication use as 
a covariate into the multiple regression model resulted in the 
loss of significant association between pre-sleep pain ratings 
and SOL.

Medication Use and Case-Control Differences
To analyze whether TMD pain is associated with the use 

of medications that may potentially influence between-group 
differences in PSG variables, TMD cases and controls were 
compared on each medication category using Fisher exact test. 
TMD cases more frequently used nonsteroidal anti-inflamma-
tory drugs (NSAIDs; 77.4% vs. 15.2%, p < 0.001) and muscle 
relaxants (11.3% vs. 0%, p = 0.01). The use of other types of 
medications, including opioids, corticosteroids, antidepres-
sants, benzodiazepines, and hypnotics, was generally low 
(< 8% in either group for each medication type) and not signifi-
cantly different between the groups. When the use of NSAIDs 
was used as a covariate in addition to BMI and age, the pattern 
of case-control differences in PSG variables remained similar, 
with some loss of power (difference in stage N1%: p = 0.05; 
difference in RERA index: p = 0.05). As muscle relaxants were 
not used by any of the control participants, the 14 TMD partici-
pants using these medications were removed from the sample 

Table 1—Mean and standard deviation (SD) values for polysomnographic variables in TMD cases and controls.
TMD Cases (n = 124) Controls (n = 46)

p value*PSG Parameters Mean SD Mean SD
Sleep Duration and Architecture

Total sleep time (TST, min) 386.4 53.1 402.3 45.8 0.14
Sleep efficiency (SE = TST/TRT×100%) 89.7 8.7 92.3 6.4 0.13
Sleep onset latency (SOL, min) 11.6 16.5 9.0 10.1 0.28
REM latency (min) 109.1 64.3 88.6 52.1 0.05
Number of awakenings 18.2 11.3 14.3 7.8 0.07
Number of stage N1 shifts 43.2 22.05 35.4 15.2 0.06
N1 as a % of TST 12.2 7.6 9.2 5.0 0.03
N2 as a % of TST 51.9 10.6 51.1 10.3 0.90
N3 as a % of TST 16.5 10.9 19.0 8.5 0.36
REM as % of TST 19.3 6.9 20.6 5.7 0.32

Arousal Indices 
Spontaneous arousal index 10.6 6.0 12.0 5.6 0.20
Respiratory arousal index 6.0 6.1 3.5 3.3 0.02
PLM arousal index 1.1 2.4 1.6 3.3 0.30
Total arousal index 17.8 8.2 17.0 6.8 0.86

Respiratory Event Indices
Apnea-hypopnea index (AHI) 3.7 6.6 2.4 3.9 0.50
Respiratory disturbance index (RDI) 8.1 8.5 5.0 5.1 0.06
RERA index 4.3 4.3 2.6 2.7 0.02

PLM Index 4.9 10.3 5.8 13.8 0.42

Data from night 2, except for 10 participants whose night 1 data were used. *Between-group comparisons from ANCOVA that included BMI and age as 
covariates; p values ≤ 0.05 are in bold; p values > 0.05 and < 0.1 are in italics.
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and the between-group comparisons were repeated. The results 
followed virtually the same pattern (difference in stage N1%: 
p = 0.03; difference in RERA index: p = 0.01). These analyses 
show that the medication use associated with TMD pain does 
not account for the intergroup differences in PSG variables.

DISCUSSION

The present investigation employed what, to our knowledge, 
is the largest reported sample of TMD cases with myofascial 
pain undergoing a two-night protocol using standard PSG 

recording. The results suggest that (i) disrupted sleep and (ii) 
increased frequency of RERA events without a detectable 
difference in the mean AHI values were more commonly seen 
in TMD cases than in demographically and BMI-matched 
control participants.

Sleep disturbance in TMD cases was evidenced by a higher 
percentage of stage N1 sleep and a tendency towards a greater 
number of awakenings and shifts into stage N1 sleep. TMD 
cases demonstrated essentially normal mean PSG values for 
other commonly used measures of sleep architecture, including 
TST, SE, SOL, percentages of stages N2, N3, and REM sleep 

Table 2—Multiple regression models using ratings of myofascial pain to predict polysomnographic variables in TMD Cases (n = 124).
Pain and Covariate Predictors Unstandardized β Std. Error Standardized β t value p value**

Sleep efficiency (dependent variable)
BMI 0.03 0.15 0.02 0.19 0.85
Age -0.12 0.06 -0.20 2.09 0.04
Pre-PSG current pain 0.52 0.55 0.14 0.95 0.35
Average pain during 24 h pre-PSG 0.51 0.48 0.15 1.04 0.30
Post-PSG current pain -0.05 0.50 -0.01 -0.10 0.92
Average pain during the PSG night -1.34 0.49 -0.41 -2.78 0.01
Pain at the time of initial interview 0.05 0.77 0.01 0.07 0.95
Average pain during past 6 months -0.69 1.00 -0.14 -0.69 0.49
Characteristic pain intensity (CPI)* 1.09 1.50 0.22 0.73 0.47

No. of awakenings (dependent variable)
BMI 0.05 0.019 0.03 0.26 0.79
Age 0.28 0.07 0.36 3.89  < 0.001
Pre-PSG current pain -0.05 0.70 -0.01 -0.07 0.95
Average pain during 24-h pre-PSG -0.36 0.62 -0.08 -0.58 0.56
Post-PSG current pain -0.66 0.64 -0.14 -1.03 0.31
Average pain during the PSG night 1.32 0.62 0.30 2.13 0.04
Pain at the time of initial interview -0.49 0.98 -0.10 -0.50 0.62
Average pain during past 6 months 0.58 1.27 0.09 0.46 0.65
Characteristic pain intensity (CPI)* -0.08 1.91 -0.01 -0.04 0.97

RERA index (dependent variable)
BMI -0.07 0.07 0.10 1.07 0.29
Age 0.01 0.03 0.05 0.56 0.58
Pre-PSG current pain -0.26 0.24 -0.15 -1.12 0.27
Average pain during 24-h pre-PSG 0.18 0.21 0.12 0.88 0.38
Post-PSG current pain -0.07 0.22 -0.04 -0.32 0.75
Average pain during the PSG night 0.43 0.21 0.29 2.07 0.04
Pain at the time of initial interview -0.11 0.33 -0.06 -0.34 0.73
Average pain during past 6 months -0.81 0.43 -0.36 -1.88 0.06
Characteristic pain intensity (CPI)* 1.24 0.65 0.53 1.92 0.06

Sleep onset latency (dependent variable)
BMI -0.38 0.29 -0.13 -1.30 0.20
Age -0.11 0.11 -0.10 -1.02 0.31
Pre-PSG current pain -2.16 1.05 -0.29 -2.05 0.04
Average pain during 24-h pre-PSG 0.53 0.93 0.08 0.57 0.57
Post-PSG current pain 0.14 0.97 0.02 0.15 0.89
Average pain during the PSG night 1.65 0.94 0.26 1.76 0.08
Pain at the time of initial interview 2.14 1.48 0.29 1.45 0.15
Average pain during past 6 months 0.55 1.92 0.06 0.29 0.78
Characteristic pain intensity (CPI)* -3.57 2.88 -0.37 -1.24 0.22

Polysomnographic data from night 2, except for 10 participants whose night 1 data were used; only dependent variables showing relationship with myofascial 
pain are presented in the table; BMI and age included as covariates; pain ratings are on a 0-10 scale (0 = no pain, 10 = worst pain); for more detailed 
description of pain ratings, please see the Methods section. *CPI is the average of 3 ratings: (1) pain at the time of initial interview, (2) average pain during 
past 6 months, and (3) worst pain in the last 6 months; the rating of worst pain in the last 6 month is excluded from the model due to multicollinearity; for more 
detailed description of pain ratings, please see the Methods section. **p values ≤ 0.05 are in bold.
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and REM sleep latency. There was no difference between TMD 
cases and controls on PLM and related arousals indices. These 
findings are generally consistent with previous reports of essen-
tially normal PSG sleep parameters in TMD.7-10 Although the 
between-group difference in stage N1 sleep percentage is small 
(12.2% in TMD cases vs. 9.2% in controls, Table 1), the mean 
value falls outside of the normal range20,21 in TMD cases but 
not in controls. The increase in stage N1% in TMD cases was 
present even after controlling for BMI and age, factors shown 
to influence stage N1%,20,21 which suggests that this increase 
is robust and potentially clinically relevant. However, as the 
mean percent of stage N1 sleep presently observed in TMD 
cases would be considered mildly elevated in clinical settings, 
objective sleep disturbance associated with TMD appears to be 
only mild.

Although the AHI was not different between the groups, 
TMD cases demonstrated a greater frequency of RERA events 
as well as arousals associated with all types of respiratory 
events. The increase in the RERA index was robust even after 
statistically controlling for possible contributions of BMI, age, 
and several measures of sleep fragmentation. Moreover, the 
RERA index in TMD cases was directly related to subjective 
ratings of myofascial pain during the PSG night. One possible 
interpretation of these findings is that upper airway resistance 
is increased in TMD, and therefore, sleep disordered breathing 
might be a source of sleep disturbance in TMD cases. Alterna-
tively, pain-related decrease in the arousal threshold in TMD 
cases may set the stage for more frequent arousals during minor 
airway narrowing episodes that do not necessarily lead to 
arousals in controls.

In considering the possible relationship between TMD and 
sleep disordered breathing, it should be noted that the appli-
cation of the recently updated criteria recommended by the 
AASM for the scoring of hypopneas22 might have resulted in 
re-categorizing some RERA events into hypopneas. However, 
the mean RDI was only mildly elevated in TMD cases (8.1/h of 
sleep, Table 1), which is consistent with previously published 
data.9,10 While the uncontrolled study of TMD cases reported 
a high prevalence of OSA on the bases of both PSG and clin-
ical interviews,9 the absence of a clinical sleep interview in 
the present investigation does not allow the establishment of 
an OSA diagnosis. Therefore, the clinical significance of the 
elevated RERA frequency in TMD is presently unclear. The 
possibility nonetheless remains that the application of the stan-
dard diagnostic criteria13 emphasizing the clinical history in 
the context of mild RDI may result in intergroup differences in 
the categorization of sleep disordered breathing, which merits 
further investigation.

Although the mechanisms that may link sleep disordered 
breathing and TMD are unknown, some possibilities may be 
worth considering. First, it has been suggested that craniofacial 
variables may play a role in the etiology of sleep disordered 
breathing, specifically RERAs, especially in women and non-
obese patients.23-25 Although the role of craniofacial features 
in TMD has been disputed,26,27 two empirical studies have 
reported an association between TMD and certain craniofacial 
abnormalities.28,29 The possibility that craniofacial variables 
may contribute to both myofascial pain and sleep disordered 
breathing in TMD, while highly speculative, is consistent 

with the present study showing higher frequency of RERAs 
in women with TMD whose mean BMI was essentially within 
normal limits. Second, the effect of myofascial pain on the 
central control of muscles involved in breathing, chewing, and 
swallowing has been hypothesized to provide a pathophysiolog-
ical mechanism relating TMD to sleep disordered breathing.30

The alternative interpretation of the elevated RERA frequency 
as a consequence of a lower arousal threshold in TMD is consis-
tent with the finding of an association between higher ratings of 
myofascial pain during the PSG night and decreased sleep effi-
ciency, as well as more frequent awakenings and RERA events 
among TMD cases. The similarity of these findings in women 
with TMD to PSG evaluations of women with fibromyalgia 
showing increased sleep disruption and inspiratory flow limi-
tation without elevated AHI underscores pain-related arous-
ability as a possible cause of elevated RERA index in TMD.31,32 
It has been suggested that a lower arousal threshold in response 
to respiratory stimuli may contribute to the etiology of sleep 
disordered breathing,33 and elevating the arousal threshold with 
a hypnotic may reduce the frequency of respiratory events.34 
Therefore, the role of chronic pain conditions in lowering the 
arousal threshold to respiratory stimuli during sleep needs to be 
determined in future studies.

Unexpectedly, higher ratings of myofascial pain on the 
evening of PSG were associated with shorter sleep latencies in 
TMD cases. In a recent PSG study of migraine sufferers, shorter 
sleep latency was observed in the preictal phase relative to the 
interictal phase.35 Methodological differences notwithstanding, 
these two findings appear to suggest that an acute pain increase 
in a chronic pain condition may be related to shorter sleep 
latency.35 While no details on medication use among migraine 
sufferers were reported,35 in the present sample of women with 
TMD the relationship between pre-sleep pain ratings and sleep 
latency was apparently mediated by the use of opioid medi-
cations. Another hypothetical possibility is that pain-related 
fatigue in the context of chronic sleep deprivation may facilitate 
sleep onset.

Overall, the present data point towards the possibility of a 
complex interplay between myofascial pain, sleep continuity, 
and upper airway behavior. The mechanisms and clinical rami-
fications of this interplay require elucidation in future research.

Several important methodological characteristics of the 
present study should be noted. First, only women participated 
in the present study, which limits generalizability of the results. 
Second, as no clinical sleep interviews were used, clinical diag-
noses of insomnia or OSA could not be established. Third, due 
to methodological demands of the larger study, individuals 
with severe OSA, using PAP devices, or reporting less than 
four hours of sleep per night were excluded from the study. 
These exclusion criteria likely resulted in underestimation of 
indices of sleep and respiratory disturbance in our sample. 
However, the exclusion rates were statistically similar between 
the groups. Therefore, while practical considerations may 
have reduced absolute estimates of sleep disturbance in these 
participants, relative measures (group comparisons) remain 
valid. And finally, the use of medications was not an exclusion 
criterion; however, no relationship was uncovered between 
medication use and intergroup differences in PSG variables. 
These limitations notwithstanding, the present study remains a 
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well-controlled PSG investigation of the largest representative 
sample of TMD cases to date.

In conclusion, TMD cases with chronic myofascial pain 
have a mild degree of objective sleep disturbance and a mild 
increase in upper airway resistance during sleep, both of which 
appear to relate to acute levels myofascial pain at night. Further 
research is needed to help clarify clinical ramifications of sleep 
and respiratory disturbances in TMD, as well as elucidate the 
interrelationship between sleep and respiratory disturbance and 
myofascial pain.
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