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Study Objectives: We characterized sleep disorder rates in temporo-
mandibular joint disorder (TMD) and evaluated possible associations
between sleep disorders and laboratory measures of pain sensitivity.
Design: Research diagnostic examinations were conducted, followed
by two consecutive overnight polysomnographic studies with morning
and evening assessments of pain threshold.

Setting: Orofacial pain clinic and inpatient sleep research facility
Participants: Fifty-three patients meeting research diagnostic criteria
for myofascial TMD.

Interventions: N/A

Measurements and Results: We determined sleep disorder diagnos-
tic rates and conducted algometric measures of pressure pain threshold
on the masseter and forearm. Heat pain threshold was measured on
the forearm; 75% met self-report criteria for sleep bruxism, but only
17% met PSG criteria for active sleep bruxism. Two or more sleep dis-
orders were diagnosed in 43% of patients. Insomnia disorder (36%) and
sleep apnea (28.4%) demonstrated the highest frequencies. Primary
insomnia (P1) (26%) comprised the largest subcategory of insomnia.
Even after controlling for multiple potential confounds, Pl was associat-

ed with reduced mechanical and thermal pain thresholds at all sites (P
< 0.05). Conversely, the respiratory disturbance index was associated
with increased mechanical pain thresholds on the forearm (P < 0.05).
Conclusions: High rates of Pl and sleep apnea highlight the need to
refer TMD patients complaining of sleep disturbance for polysomno-
graphic evaluation. The association of Pl and hyperalgesia at a non-
orofacial site suggests that PI may be linked with central sensitivity and
could play an etiologic role in idiopathic pain disorders. The association
between sleep disordered breathing and hypoalgesia requires further
study and may provide novel insight into the complex interactions be-
tween sleep and pain-regulatory processes.
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TEMPOROMANDIBULAR JOINT DISORDER (TMD)
HAS BEEN DESCRIBED AS A PROTOTYPIC IDIOPATH-
IC PAIN SYNDROME CHARACTERIZED BY POORLY
understood, episodic, masticatory muscle and/or joint pain.
TMD affects an estimated 12% of the population.' As in other
idiopathic pain disorders such as fibromyalgia and irritable
bowel syndrome, patients often present with overlapping
signs and symptoms including psychological distress, neu-
roendocrine abnormalities, and chronic insomnia.’* Recent
theoretical perspectives have proposed that these “central sen-
sitivity syndromes” share a common central nervous system
substrate characterized by heightened processing of noxious
input, which contributes to overlapping daytime sequelae
among these disorders.*

Several cross-sectional studies have demonstrated that com-
pared to controls, TMD patients exhibit enhanced responsivity
to a variety of painful stimuli measured both at facial and ex-
tracranial anatomic sites.>” Pain sensitivity at “unaffected” (i.e.,

Submitted for publication September, 2008

Submitted in final revised form February, 2009

Accepted for publication March, 2009

Address correspondence to: Michael T. Smith, PhD, Johns Hopkins Hos-
pital, Behavioral Sleep Medicine Program, 600 North Wolfe Street, Meyer
1-108, Baltimore, MD 21287; Tel: (443) 287-2384; Fax: (410) 614-3366;
E-mail: msmith62@jhmi.edu

SLEEP, Vol. 32, No. 6, 2009

non-jaw) sites suggests the involvement of central pain pro-
cessing mechanisms, beyond peripheral contributions. Recent
longitudinal work has reported that enhanced laboratory pain
sensitivity in pain free individuals is linked to genetic polymor-
phisms that predict the development of new onset TMD.® This
suggests that central processes associated with pain amplifica-
tion may be critical to understanding the etiopathophysiology
of TMD. Clinical factors that contribute to pain amplification in
TMD, however, are poorly understood.

Our group has focused on the possibility that sleep distur-
bance is one such factor that may directly contribute to cen-
tral sensitization and pain amplification.” We recently reported,
for example, that sleep onset insomnia symptoms predict the
development of chronic pain following serious burn injury.'”
While it is often assumed that insomnia or sleep loss occurring
in the context of chronic pain occurs secondarily to the sleep
interrupting effects of pain, we and others have demonstrated
that insomnias associated with chronic pain are often pheno-
typically similar to primary insomnia.'" Shared features include
high levels of pre-sleep cognitive rumination and evidence of
maladaptive coping strategies that may exist prior to the de-
velopment of pain and/or independently contribute to insomnia
symptoms. It is unknown, however, whether primary insom-
nia is associated with alterations in laboratory pain sensitivity
when it occurs either as a sole condition or as part of a chronic
pain disorder such as TMD.
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Only a handful of investigations have systematically sought
to evaluate the sleep quality of TMD patients. These studies
have consistently found that the majority (> 50%) of TMD pa-
tients report poor sleep quality, and that subjective ratings of
poor sleep are associated with increased clinical pain severity
and psychological distress.'>'* Fundamental descriptive data
using polysomnography and standard research diagnostic in-
terviews to quantify the range of sleep disorders in TMD and
determine their possible associations with laboratory measures
of pain sensitivity are lacking. The extant literature has largely
focused on possible relationships between sleep bruxism and
TMD.'>!6 Sleep bruxism, however, has not been found to be
associated with either poor sleep quality or polysomnographic
measures of sleep continuity or architecture disturbances.'”"

The objective of this study was to address two critical gaps
in the literature: (1) characterize the spectrum of sleep disor-
ders in a well-described sample of myofascial TMD patients,
using polysomnography and state-of-the art structured diagnos-
tic interviews; and (2) evaluate possible associations between
observed sleep disorder indices and laboratory measures of
pain threshold. We hypothesized that rates of primary insomnia
would be substantive in TMD and that primary insomnia would
be associated with reductions in pain threshold at both masseter
and extracranial sites.

METHODS
Participants

We recruited 53 TMD patients from a dental school based,
tertiary care, orofacial pain clinic and media advertisements
for an ongoing longitudinal study. Eligibility criteria included
primary myofascial TMD diagnosis, established by a standard
research diagnostic dental exam,” typical pain severity > 2 of
10, and minimum symptom duration > 6 months. We excluded
patients reporting primary pain conditions or serious medical
disorders other than TMD; active alcohol or drug abuse prob-
lems; or use of narcotics, antidepressants, anticonvulsants, or
muscle relaxants within 2 weeks of participation.

Procedures

The protocol was approved by both Johns Hopkins Univ-
eristy and the University of Maryland institutional review
boards in compliance with the declaration of Helsinki. Eligible
subjects formally consented and completed panoramic x-rays
at the University of Maryland Brotman Facial Pain Research
Center. An experienced dentist (EG) performed a standardized
and widely used dental exam according to research diagnos-
tic criteria (RDC) for TMD.® Interrater reliability studies have
found that this examination demonstrates acceptable to excel-
lent reliability (intraclass correlation coefficients, > 0.4 in 87%
of cases).?! The diagnosing dentist completed formal training in
RDC procedures and undergoes periodic reliability calibration.

Structured Diagnostic Interviews

After the dental examination, subjects diagnosed with myo-
fascial TMD as a primary diagnosis completed 2 structured
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diagnostic interviews conducted by a licensed clinical psychol-
ogist certified in behavioral sleep medicine (MTS). To diagnose
AXIS I psychiatric disorders, subjects completed the computer-
ized Structured Clinical Interview for DSM-IV (SCID)—patient
edition. All identified possible diagnoses were then followed
up with a clinical interview using the appropriate DSM-1V
SCID-I* module to confirm diagnosis and clinical course. The
SCID-I interview demonstrates excellent interrater reliability
(kappa) coefficients, ranging from 0.77 and 0.99 for affective
and anxiety spectrum disorders.” To diagnose sleep disorders,
we administered the Structured Interview for Sleep Disorders
(SIS-D).* This 30-minute interview for DSM Axis-I and Axis-
IIT sleep disorders is based on DSM-III-R and is the only pub-
lished interview that demonstrates sound reliability and validity
based on PSG and expert interviews. Kappa statistics assessing
Inter-rater reliability coefficients for the subclassifications of
insomnia and hypersomnias, for example, range between 0.84
and 0.86. In the current study, a modified version of the SIS-D
was used to reflect DSM-IV revisions.

uestionnaires

Subjects completed a battery of widely used, psychometri-
cally sound questionnaires, including the Brief Pain Inventory,*
the Beck Depression Inventory,”® and Spielberger State —Trait
Anxiety Inventories,?”’ the Insomnia Severity Index,? The Pitts-
burgh Sleep Quality Index,” the Fatigue Severity Scale,* and
the Epworth Sleepiness Scale.’! All of these measures are rou-
tinely used in sleep research to quantify sleep quality and day-
time symptoms associated with sleep disorders.

Dental, Medical, and Psychiatric History Form

This 65-item form was developed by the authors to elicit
general medical, dental, and mental health history informa-
tion, including medication usage, recreational drug use, use of
stimulants, and sleep hygiene practices. The form includes a
“pain diagram,” in which participants mark all areas of pain
on multiple views of the human body. Additional items include
the initiation and frequency of TMJ problems and associated
symptoms, such as daytime clenching, sleep bruxism, and tinni-
tus. Subjects also indicated the temporal sequencing when sleep
problems began relative to TMJ pain. Additional items included
rating the frequency in which nighttime awakenings were as-
sociated with jaw or facial pain in the past 6 months (0 = never,
1 = in the past, but not in the past 6 months, 2 = occasionally,
3 = often, 4 = very often (almost every night), and the degree to
which sleeping on their side aggravated TMJ pain.

Medical History, Physical Examination, and Laboratory
Chemistries

After the structured interviews and prior to overnight sleep
studies, all subjects completed a standard medical history and
physical exam conducted by a study physician as part of the
eligibility determination. At this time, we obtained blood and
urine samples and conducted laboratory tests, including com-
plete blood count, toxicology testing for recreational drugs,
stimulants, opioids, benzodiazepines, and pregnancy testing.
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Polysomnography (PSG)

After the screening phase, subjects completed 2 consecutive
overnight sleep studies in a sound-attenuated private room lo-
cated on an inpatient clinical research unit at Johns Hopkins.
Signals were recorded using EMBLA N7000 polysomnographs
and Somnologica software at a sampling rate of 500 HZ. We
provided subjects with an 8-hour period to sleep during their
preferred sleep phase. The Night 1 recording montage included
recommended placements for EEG, EOG, and EMG according
Rechtschaffen & Kales (R&K),* with the addition of bilateral
masseter EMGs and auditory recordings as described by Lavigne
et al.»® We acquired the following electrophysiologic signals: 4
EEG channels (C4-Al, C3-A2, O1-A2, 02-Al); right and left
electroculograms (EOGs) linked to a single mastoid; bilateral
masseter EMGs for scoring sleep bruxism, submental EMGs,
bilateral anterior tibialis EMGs; and an ECG (single modified
ECG lead II, torso placement). Respiratory function was mea-
sured via oronasal thermistor, nasal air pressure transducer,
pulse oximeter, and abdominal and thoracic strain gauges. On
the second recording night, we used an abbreviated montage,
removing all respiratory sensors and tibialis EMGs. Sleep con-
tinuity and architecture were scored according to R&K criteria*
by aregistered polysomnographic technician, and reviewed and
confirmed by a board certified sleep specialist. Clinical sleep
indices were scored as defined in the International Classifica-
tion of Sleep Disorders, 2nd Edition (ICSD-2).34

Laboratory Pain Testing Procedures

Subjects completed a standardized quantitative sensory
testing protocol frequently used by our lab as fully described
elsewhere.’ Subjects were oriented and familiarized with the
procedures in advance. Pain testing was conducted each eve-
ning between 15:00 and 17:00 and each morning 30 minutes
after waking, following the sleep study. We obtained resting
blood pressure before and after pain testing. We focus this re-
port on both thermal and algometric assessments of pain thresh-
old. The order of these procedures was randomized to avoid
possible sequence effects. All subjects refrained from any an-
algesics or centrally acting agents within 24 hours prior to pain
testing. Urine toxicology tests confirmed that individuals were
not recently/currently using sedatives, opioids, or common rec-
reational drugs.

Pressure Pain Threshold (PPTh)

A Somedic algometer was used to assess PPTh similar to pre-
vious studies.*® The algometer’s 1 cm? rubber probe was placed
over the muscle belly, with the pressure increased steadily at a
constant rate (30 kPA/sec), until the subject indicated that s/he
“first felt pain.” PPTh was assessed 2 times each, bilaterally, at
(in a randomized order) the masseter muscle and at the proxi-
mal third of the brachioradialis muscle (forearm). The same site
was never stimulated consecutively. A period without stimula-
tion > 90 sec occurred between successive stimuli. Testing was
performed by technicians who were required to maintain and
periodically (monthly) demonstrate adequate inter-tester reli-
ability (i.e., pressure pain threshold values are required to be
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within 1 Ib/cm? on > 80% of reliability trials). Our technicians
demonstrate good test-retest reliability, as previously reported’

Heat Pain Threshold (HPTh)

Contact heat stimuli, at non—tissue-damaging temperatures,
were delivered using a computer controlled, peltier-element-
based stimulator (Medoc), with a 9 cm? probe. Assessment
procedures were similar to those reported previously.*® HPTh
was assessed on the left ventral forearm using an ascending
method of limits paradigm; from a non-painful 32°C baseline,
the temperature was steadily increased at 0.5°C/sec until the
subject reported the first sensation of pain. Three HPTh trials
were conducted, separated by > 3 minutes between trials. The
thermode was affixed snuggly via Velcro straps to ensure even
skin contact and repositioned to an adjacent site after each trial
to minimize sensitization.

Establishing Sleep Disorder Diagnoses

In order to fully describe the spectrum of sleep disorders in
TMD, we utilized both ICSD-2* and DSM IV?*” nosologies, as
well as available research diagnostic criteria for sleep bruxism,*
insomnia, and good sleep.*® Described below are polysomno-
graphic indices and diagnoses warranting specific definition/
discussion.

Sleep Disorder Indices

Standard clinical polysomnographic indices defined in the
ICSD-2 were utilized. A respiratory disturbance index (RDI [re-
spiratory events events/hour (REM+NREM]) was calculated to
diagnose sleep apnea. This index included apneas (> 70% reduc-
tion in airflow > 10 seconds), hypopneas ( > 30% reduction of
amplitude of thoracoabdominal movement or airflow with > 4%
oxygen desaturation), and respiratory effort related arousals (RE-
RAs), i.e., clear drop in inspiratory airflow, increased respiratory
effort accompanied by EEG arousal. A periodic limb movement
index (PLMI), as defined by ICSD-2, was used to diagnose peri-
odic limb movement disorder. Sleep bruxism events were scored
according to RDC criteria developed by Lavigne,** using > 10%
masseteric EMG amplitude and maximum voluntary contrac-
tion threshold. Events were categorized as phasic ( > 3 EMG
bursts of 0.25 to 2.0 sec, separated by 2 interburst intervals),
tonic (EMG burst lasting > 2 sec) or mixed. Two primary sleep
bruxism Indices were calculated: (1) bruxism bursts/hour sleep
(number of phasic or tonic events/hour sleep; and (2) bruxism
episodes/hour sleep.

Insomnia Diagnosis

Insomnia diagnoses were determined according to the Amer-
ican Academy of Sleep Medicine Work Group research diag-
nostic criteria® after integrating all available data: PSG data,
structured interviews, medical history, and questionnaire data.
This system includes psychophysiologic insomnia, primary in-
somnia, and insomnia due to a medical or psychiatric disorder.
It should be noted that psychophysiological insomnia is a sub-
set of primary insomnia, with additional criteria that subjects
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report evidence of conditioned sleep difficulty, pre-sleep hyper-
arousal, etc. To diagnose a subject with primary insomnia in
the context of past or present mental or medical disorders, the
temporal course of the insomnia symptoms must show some
independence from the comorbid condition. Conversely, the
diagnosis of insomnia due to a medical / psychiatric condition
was made when the onset of the insomnia symptoms coincided
with the onset of the mental/ medical disorder, and the tempo-
ral course of insomnia symptoms tracked closely with or was
primarily attributable to the comorbidity. In the present study,
for example, the diagnosis of insomnia due to TMD was made
if: (1) the insomnia started at the same time or after the TMD
symptoms, and (2) during periods of TMD symptom remission,
insomnia was absent and / or subjects reported that TMD symp-
toms were the primary cause of their sleeping problems.

Sleep Bruxism Diagnosis

We diagnosed subjects with sleep bruxism using ICSD-2 cri-
teria. Since all subjects reported jaw pain (one of the ICSD-2
criteria), the additional self-report of awareness of tooth grind-
ing sounds during sleep was sufficient to make the diagnosis.
We also diagnosed subjects based on Lavigne’s PSG derived
criteria if the subject demonstrated > 4 sleep bruxism episodes/
hr of sleep or > 25 sleep bruxism bursts/hr sleep on either of
Night 1 or 2 PSG studies.

Sleep Apnea Diagnosis

Subjects were diagnosed with sleep apnea if their RDI was >
15 or if RDI was 5 to 15 and they complained of sleep-related
daytime impairment, including excessive daytime sleepiness,
fatigue, or insomnia. It should be noted that according to RDC,
we diagnosed patients as having both insomnia and sleep ap-
nea if they met both criteria and the insomnia symptoms were
judged to be at least somewhat independent of sleep disordered
breathing as described above.

Periodic Limb Movement Disorder Diagnosis

We diagnosed PLMD according to ICSD-2 criteria with a
PLM index > 15/h sleep.

Good Sleeper Status

For the purposes of this study, we identified 2 levels of good
sleepers: those not meeting criteria for any diagnosable sleep
disorder, except self-reported sleep bruxism (“no sleep disorder
except self-report bruxism”) and those meeting more stringent
research diagnostic criteria (RDC) for normal sleepers (controls),
established by the American Academy of Sleep Medicine.*® Be-
cause sleep bruxism has not been found to be associated with the
complaint of poor sleep and the vast majority of TMD patients
self-report sleep bruxism, we did not exclude subjects with self-
reported sleep bruxism from either good sleeper category. We
did, however exclude subjects demonstrating PSG signs of sleep
bruxism who met RDC criteria for sleep bruxism as described
above.*® To satisfy the RDC normal sleeper criteria of no com-
plaints of sleep disturbance or daytime symptoms attributable to
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unsatisfactory sleep, we required PSQI scores to be < 5 (good
sleeper range?®), in addition to the requirement of no diagnosable
sleep disorder, expect self-reported sleep bruxism.

Statistical Plan and Analyses

Since the first aim was to identify rates of ICSD sleep disor-
ders in TMD, we conducted descriptive analyses. Subsequent
aims to evaluate potential associations between primary insom-
nia, sleep disorder indices, and responsivity to noxious stimuli
relied in part on these frequency distributions as well as the a
priori hypothesis to evaluate whether primary insomnia was as-
sociated with hyperalgesia.

Laboratory Pain Testing Data (Data Reduction)

Pain sensitivity indices for AM and PM testing were calcu-
lated by averaging across trials each day. Preliminary paired
samples t-tests revealed no laterality effects; therefore, pressure
thresholds for right and left sides were averaged.

We then plotted means with 95% confidence intervals for all
3 pain sensitivity measures (PPTh for masseter and forearm,
HPTh for the ventral forearm) by diagnostic groups of interest,
averaged over all observations. Since #-tests comparing sub-
jects with primary insomnia, sleep apnea, RDC sleep bruxism,
against subjects meeting no sleep disorder criteria, demonstrat-
ed mean differences on one or more pain sensitivity measures,
we then followed these preliminary analyses with 3 multivari-
ate, linear mixed effect models.

Linear Mixed Effects Models (LME)

The overall purpose of the LME analyses was to evaluate the
effects of possible confounding and moderating factors, includ-
ing time of day and determine possible independent effects of
primary insomnia and clinical sleep indices on all 3 pain sensi-
tivity measures. LME models have the advantage of including
all repeatedly measured pain testing data sampled at all 4 time
points (Day 1, PM testing, Day 2 AM and PM testing, and Day 3
AM testing) simultaneously in the model as the dependent vari-
able. This approach to modeling longitudinal data does not make
assumptions about equal sample sizes, equally spaced assess-
ment points, or balanced data sets (e.g., subjects need not have
the same number of assessment points). In addition, time-varying
(e.g., blood pressure prior to pain testing) as well as time-invari-
ant (e.g., gender or age) covariates can be included in the statis-
tical model. We selected model predictors based on previously
demonstrated associations with pain sensitivity and on the study
hypothesis that primary insomnia would be associated with pain
sensitivity. Sleep related variables selected for inclusion were di-
agnosis of primary insomnia (yes or no), respiratory disturbance
index, sleep bruxism bursts/hour (averaged over nights 1 and 2),
and the periodic limb movement index. For disorders other than
insomnia, which has no defining PSG index, we elected to use
continuous PSG indices instead of diagnostic categories to en-
hance statistical power and accuracy estimation. To select model
covariates, we conducted preliminary analyses (2 sample #-tests
or t-tests of Pearson correlation coefficient) to test bivariate asso-
ciations between the 3 pain sensitivity measures and typical de-
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Table 1—Demographic Characteristics (N =53)

Variable % (n)
Age (mean, SD) 33.6+ 124
Female 81.1% (43)
Ethnicity
White American 77.4% (41)
African American 9.4% (5)
Asian American 9.4% (5)
Multi-racial 3.8% (2)
Education Level
High school / some college 22.6% (12)
College graduate 39.6% (21)

Graduate studies
Occupational Status
Full-Time Employment

37.7% (20)

52.8% (28)

Part-time Employment 13.2% (7)
Student 22.6% (12)
Homemaker 5.7% (3)
Unemployed 3.8% (2)
Marital Status
Single, divorced, separated 62.2% (33)
Married 34.0%(18)
Living with partner 3.8% (2)
Total Household Income per Annum
$25,000 or less 22.6% (12)
$25,001-$50,000 26.4% (14)
$50,001-$75,000 13.2% (7)

>$75,000 32.1% (17)

mographic (age, sex, ethnicity [white vs. non-white]) and clinical
factors (Spielberger Anxiety Scores, Beck Depression Inventory
Scores, body mass index), previously found to be related to pain
sensitivity. Of these factors age, sex, and BMI were associated
with pain sensitivity (P < 0.05) and were therefore selected for
inclusion. Similarly, because blood pressure has been robustly
associated with pain sensitivity*’ and sleep disorders, particu-
larly apnea,* we included an estimate of mean arterial pressure
(MAP) derived from resting systolic and diastolic blood pressure
taken prior to each pain testing session in the model (MAP = dia-
stolic pressure + 1/3(systolic pressure-diastolic pressure). MAP
was inversely associated with pain sensitivity (P < 0.05). Finally,
to evaluate and control for possible circadian or sequential effects
of repeated pain testing (Day 1, 2, or 3), we also included these
indicators in the models.

RESULTS
Subject Characteristics

Table 1 reports the general demographics of the 53 partici-
pants. Typical of the TMD population, > 80% of the sample was
female, with a mean age of 33.6 years. As shown in Table 1, the
sample was predominantly white and well-educated. The aver-
age duration of TMD symptoms was 9.03 years + 8.1.

Rates of Sleep Disorders in TMD

Including self-reported sleep bruxism, 89% of participants
met ICSD criteria for at least one sleep disorder, and 43.4% were
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diagnosed with 2 or more sleep disorders. Approximately 19%
(n=10) met American Academy of Sleep Medicine RDC crite-
ria for normal sleeper (control) as developed by Edinger et al.
As shown in Table 2, 74% of participants met ICSD self-report
criteria for sleep bruxism. However, only 17% of the sample
met the PSG derived RDC criteria developed by Lavigne et al.**
Even after excluding subjects with self-reported sleep bruxism
as their only sleep disorder, a large majority of TMD patients
68% (n = 46) were diagnosed with a sleep disorder. Aside from
self-reported sleep bruxism, insomnia was the most commonly
diagnosed sleep disorder; 36% of the sample met diagnostic cri-
teria for some type of clinically significant insomnia. Primary
insomnia comprised 74% of all insomnia cases. Insomnia due
to TMD comprised the next highest insomnia subtype (6% of
the sample). Surprisingly, 28% of subjects were diagnosed with
sleep apnea. The majority of apnea cases (73%) were classi-
fied in the mild range (RDI = 5-14.9). Four subjects diagnosed
with sleep apnea were also diagnosed with insomnia (primary
insomnia [n = 3] and insomnia due to TMD [n = 1]). Rates of
all other ICSD sleep disorders, such as periodic limb movement
disorder, were less than 5%.

PSG Measures by Diagnostic Category

Because little, if any PSG data has been published to objec-
tively characterize the sleep of TMD patients, we report mean
polysomnographic data for the 3 most common sleep related
diagnostic categories and the sample overall in Table 3. These
data are also presented to provide sleep related detail that will
assist in the interpretation of any between-group differences ob-
served in pain sensitivity. As shown in Table 3, we compared
PSG data for all patients meeting criteria for each diagnostic
category against the subsample of TMD subjects who met RDC
criteria for good sleeper controls (n = 10). Sleep continuity and
architecture data are detailed for Night 2 (baseline) to avoid the
first-night effect confound.

Clinical Characteristics and Symptoms by Sleep Disorder
Diagnosis

For similar descriptive purposes, we evaluated whether
clinical characteristics, and symptom severity varied by sleep
disorder diagnosis relative to TMD patients meeting RDC cri-
teria for good sleepers (Table 4). Independent sample #-tests
were used to compare good sleepers with subjects in each of
the 3 major sleep diagnostic categories. Somewhat surprising-
ly, there were no statistically significant differences in BMI
among the 4 diagnostic categories. BMI averaged 25.4, in the
slightly overweight range, for the overall sample. As shown
in Table 4, subjects diagnosed with the top 3 most common
sleep disorders (primary insomnia, obstructive sleep apnea,
and RDC sleep bruxism) reported significant elevations in de-
pression, anxiety, and pain severity symptoms compared to
RDC good sleepers (P < 0.05) All 3 groups reported poorer
subjective sleep quality on the Pittsburgh Sleep Quality Index
(P < 0.05). Subjects with primary insomnia and sleep apnea
also reported increased daytime sleepiness, fatigue, pain-re-
lated interference in daily function, and insomnia severity (P
<0.05).
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Table 2—Rates of International Classification of Sleep Disorders, Second Edition (ICSD-2) Diagnoses of Temporomandibular Joint Disorder
(N=53)
Diagnoses Male (n=10) Female (n=43) Total (N=53)
n % n % n %
INSOMNIAS
Psychophysiologic 2 20 9 20.9 11 20.8
Idiopathic 0 - 3 7 3 5.7
Primary Insomnia (DSM-IV-TR)
(Includes psychophysiologic+idiopathic) 2 20 12 27.9 14 26.4
Insomnia due to TMD 0 - 3 7 3 5.7
Insomnia due to Mood Disorder 0 - 2 4.7 2 3.8
Any Insomnia Diagnosis 2 20 17 39.5 19 35.8
OBSTRUCTIVE SLEEP APNEA
Mild (RDI = 5-14.9) 2 20 9 20.9 11 20.8
Moderate (RDI = 15-29.9) 2 20 0 - 2 3.8
Severe (RDI > 30) 1 10 1 2.3 2 3.8
Any Sleep Apnea DX 5 50 10 232 15 28.4
MOVEMENT DISORDERS
Periodic limb movement disorder 1 10 1 2.3 2 3.8
Restless legs syndrome 1 10 1 2.3 2 3.8
Sleep bruxism
Self-report, ICSD-2 criteria 9 90.0 30 76.9 39 73.6
RDC, PSG derived criteria® 4 40.0 5 11.9 9 17.3
PARASOMNIAS
Nightmare disorder 0 0 1 23 1 1.9
Circadian Rhythm Disorders
Delayed sleep phase syndrome 0 0 1 2.3 1 1.9
OTHER - Insufficient Sleep Syndrome 0 2 4.7 2 3.8
SUMMARY CATEGORIES
Subjects with 1 sleep disorder 4 40.0 20 46.5 24 453
Subjects with 2 sleep disorders 3 30.0 11 25.6 14 26.4
Subjects with 3 sleep disorders 2 20.0 7 16.3 9 17.0
Any Sleep Disorder Diagnosis 9 90 38 71.2 47 88.7
No sleep disorders (except self-report bruxism) 2 20.0 15 34.9 17 32
RDC Good Sleeper
(includes SR Brux, excludes RDC Brux) 1 10 9 20.9 10 18.9
RDI = respiratory disturbance index as defined by ICSD-2 (apneas + hypopneas + respiratory related arousals / hour of sleep)
8Sleep Bruxism Research Diagnostic Criteria (> 4 bruxism episodes/ hr or > 25 bruxism bursts/hr) (Lavigne et al, 1996)
Note: None of the subjects met formal RDC criteria for paradoxical insomnia.

Pain Sensitivity by Sleep Diagnoses

We evaluated whether sleep disorders were associated with
pain sensitivity in 2 ways. To provide a preliminary overview,
we first conducted LME models comparing pain sensitiv-
ity measures for the top 3 diagnostic sleep disorder categories
against subjects without any sleep disorder diagnosis (except
self-reported sleep bruxism). Since self-reported sleep bruxism
was not associated with any alterations in sleep parameters, in-
cluding the sleep bruxism index, we decided to include these
subjects in these preliminary analyses. T-tests from these mod-
els revealed that compared to the no sleep disorders group, sub-
jects diagnosed with primary insomnia demonstrated decreased
pressure pain threshold (hyperalgesia) at the masseter (¢ = 2.2,
P =0.03) and decreased heat pain threshold on the ventral fore-
arm (¢ = 2.54, P = 0.01). Compared to the no sleep disorder
diagnosis, subjects diagnosed with sleep apnea demonstrated
increased pressure pain threshold (hypoalgesia) on the forearm
(t = 2.4, P =0.02). Subjects diagnosed with sleep apnea also
demonstrated a trend toward hypoalgesia at the masseter site
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(t=2.0, P=10.05). Figure 1 depicts mean data for the 4 groups
with 95% confidence intervals derived from the LME models.

Because these preliminary analyses suggested multiple
group effects on multiple pain sensitivity measures, we next
conducted linear mixed effects models to more thoroughly in-
terrogate the independent multivariate associations between
sleep disorder indices and hyperalgesia, while controlling for
potential confounds and accounting for the possibility of circa-
dian effects and sensitization to the procedures over the course
of the 3 testing days.

Multivariate Models Predicting Pain Sensitivity

Table 5 displays the results of our linear mixed effects mod-
els examining relationships between sleep disorder indices and
the 3 pain sensitivity variables: forearm heat pain threshold,
masseter pressure pain threshold, and forearm pressure pain
threshold. All 3 overall linear mixed-effects models were sta-
tistically significant (P < 0.001). For the dependent variables,
there were significant associations between primary insomnia
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Figure 1—Laboratory Pain Thresholds by Sleep Diagnosis in
TMD (Mean with 95% Confidence Intervals, Overall N = 53).
Note: No Sleep Diagnosis = No ICSD or DSM sleep disorder
diagnosis, except self-reported sleep bruxism in the absence of
significant PSG sleep bruxism activity. RDC Sleep Bruxism =
subjects met PSG sleep bruxism criteria (Lavigne et al., 1996%)
on at least one of two study nights. + P =0.05, *P < 0.05

diagnosis and pain threshold (P < 0.05), controlling for the ef-
fects of: the respiratory disturbance index (RDI) during sleep,
sleep bruxism bursts/ hr, PLMI, age, sex, BMI, MAP, time of
testing (AM vs. PM), and day of testing. The models found
that primary insomnia diagnosis was associated with a 2.9°C
reduction in heat pain threshold, a 61.3 kPA/cm? reduction in
masseter pressure pain threshold and 73.4 kPA/cm? reduction in
forearm pressure pain threshold.
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Multivariate analyses also revealed a significant relationship
between the RDI during sleep and forearm pressure pain thresh-
old; sleep disordered breathing was associated with increased
pressure pain threshold (hypoalgesia). Similarly, when the di-
chotomous sleep apnea diagnosis variable was substituted for the
RDI, patients diagnosed with sleep apnea demonstrated a trend
toward increased forearm pressure pain threshold (P = 0.08). We
found a “day effect” for pressure pain threshold, such that as the
study progressed, subjects became more pain sensitive at both the
masseter and forearm sites. None of the other variables demon-
strated significant associations with pain sensitivity.

Finally, to determine if the association between hyperalgesia
(reduced pain threshold) and primary insomnia was specific to
primary insomnia, we conducted secondary LME models sub-
stituting “any insomnia diagnosis” (primary insomnia + insom-
nia due to TMD + insomnia due to mental disorder) for primary
insomnia. These models found that “any insomnia diagnosis”
was not significantly associated with any of the 3 pain threshold
measures (P > 0.05).

DISCUSSION

The overwhelming majority of our sample of TMD patients,
who were unselected for sleep disorders, were diagnosed with
at least one sleep disorder, most commonly, ICSD self-reported
sleep bruxism ([75%]; 17% met RDC PSG criteria for active
sleep bruxism). Perhaps more striking, however, we found that
43% of the sample was diagnosed with 2 or more sleep dis-
orders. Insomnia disorder (36%) and obstructive sleep apnea
(28.4%) demonstrated the highest frequencies. Primary insom-
nia comprised the largest subcategory of insomnia (26% of the
overall sample). With respect to subjects diagnosed with sleep
apnea, 73% were categorized in the mild severity range (RDI =
5-14.9). Compared to subjects meeting RDC criteria for good
sleep (19%), subjects diagnosed with any of the three most com-
mon sleep disorders, i.e., primary insomnia, sleep apnea, and
active sleep bruxism, reported poorer sleep quality, increased
anxiety symptoms, increased symptoms of depression, and in-
creased pain severity. As hypothesized, even after controlling
for multiple potential confounds and non-insomnia-related PSG
sleep disorder indices, the diagnosis of primary insomnia was
associated with significant hyperalgesia. Patients with primary
insomnia exhibited reduced pain thresholds measured both at
an affected TMD-related site (masseter) and a non-TMD relat-
ed region (arm). Unexpectedly, sleep disordered breathing was
associated with mechanical hypoalgesia.

Rates of Sleep Disorders in TMD

To our knowledge, this is the first comprehensive polysom-
nographic study of sleep in a well characterized sample of
myofascial TMD patients. This work will support larger scaled,
multisite investigations and prospective cohort studies to better
estimate the prevalence and impact of sleep disorders in TMD.
Our diagnostic data are consistent with existing self-report
studies of TMD, which have found that approximately 50% of
patients report poor sleep quality and that self-reported poor
sleep is associated with psychological distress and greater clini-
cal pain severity.'*'* Our finding that 43% of the sample carried
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Table 3—Sleep Continuity, Architecture and Clinical Sleep Disorder Indices by Major Diagnostic Categories in TMD
RDC Good sleeper Primary Insomnia Obstructive Sleep RDC Sleep Total Sample
(n=10) (n=14) Apnea (n=13) Bruxism (n =9) (N=53)
PSG Parameters Mean SD Mean SD Mean SD Mean SD Mean SD
Sleep Continuity (Night 2)
Sleep latency (min) 7.2 4.2 14.1 13.9 8.8 6.0 7.8 5.5 10.5 13.1
Wake after sleep onset (min) 17.6 17.2 42.8+ 427 38.9 26.7 224 17.1 29.6 30.1
Total sleep time (min) 451.7 174  416.7* 534 4333 254 4505 19.1 426.8 71.4
Sleep efficiency % 95 0.04  88* 0.09 91 0.05 94 0.03 0.90 15
Sleep Architecture (Night 2)
NREM stage 1% 52 3.1 124+ 120 6.9 7.5 8.6 10.0 7.7 7.8
NREM stage 2% 56.8 8.0 54.5 9.7 58.8 10.4 58.9 7.2 54.3 11.6
Slow wave sleep (NREM 3/4) 25.9 35.8 11.9 9.2 11.9 8.0 12.2 8.7 17.0 19.3
REM % 27.1 12.1 21.2 5.0 232 7.0 20.4 4.6 25.0 19.0
REM latency (min, cycle 1) 70.4 214 77.4 38.5 69.3 232 78.8 36.8 77.7 41.0
Clinical Sleep D/O Indices
Sleep bruxism (Mean Nights 1& 2)
Burst/hr 5.6 2.8 53 4.5 6.4 4.8 14.0%* 7.4 6.4 53
Total Episodes/hr 1.9 0.8 2.1 1.3 2.7 2.0 5.3%*kx 1.8 2.4 1.7
Sleep disordered breathing index
(events/hour, Night 1) 1.7 1.4 5.8 11.8 13.7* 13.5 52 4.9 5.1 8.4
Periodic limb movement index
(events/hr, Night 1) 0.07 0.2 2.1 6.1 3.8 12.9 6.0 15.4 1.8 7.3
*Differ from Good Sleeper Reference group, two-tailed t-test (P < 0.05), **P < 0.01, *** <0.001, + trend > 0.05 < 1.0
RDC Good sleeper is defined by Edinger et al. 2004.3* RDC Sleep Bruxism is defined by Lavigne et al. 1996.3
Table 4—Clinical Characteristics and Symptom Severity by Major Diagnostic Categories in TMD
RDC Good Primary Insomnia Obstructive Sleep RDC Sleep Total Sample
sleeper (n =10) (n=14) Apnea (n=13) Bruxism (n=9) (N=53)
Variable Mean SD Mean SD Mean SD Mean SD Mean SD
Body mass index 239 4.0 26.1 5.7 26.4 5.4 25.5 3.6 254 53
Systolic BP, afternoon 118.7 16.2 122.0 11.5 120.2 12.5 115.2 10.5 118.5 12.2
Diastolic BP, afternoon 68.6 10.0 63.9 11.5 69.4 12.2 62.8 7.8 67.0 10.8
Insomnia Severity Index 4.5 3.12 17.5%*%% 45 12.6%%* 54 7.6 6.4 10.2 6.6
Pittsburgh Sleep Quality Index 2.7 0.82 9.9¥** 31 7.8%¥*¥* 29 6.3% 3.6 6.4 3.5
Epworth Sleepiness Scale 6.0 32 7.9% 4.7 10.2%* 5.1 10.0+ 5.8 8.5 4.6
Fatigue Severity Scale 2.8 1.1 4.6* 1.1 4.0* 1.4 33 1.2 3.7 1.3
Beck Depression Inventory 1.6 2.0 10.0%** 49 8.3#kx 38 9.4% 8.9 7.4 7.0
Speilberger STAI-ST 26.1 4.0 39.9%* 95 36.3** 109 42.8%*% 12.1 36.3 10.5
Brief Pain Inventory—Severity 1.9 0.85 3.9%* 1.4 3.2%* 1.5 3.5%%* 1.5 32 1.5
Brief Pain Inventory—Interference 0.96 0.97 3.4%* 2.1 2.6%* 2.2 2.6+ 2.4 2.6 2.2
Independent sample #-tests, two-tailed, compare sleep disorder diagnoses against RDC Good Sleeper groups;
+P =0.051-0.1, *P < 0.05, **P < 0.01, ***P < 0.001

2 or more sleep diagnoses implies that clinicians treating TMD
patients should routinely screen patients for sleep disorders
and strongly consider referring patients with significant sleep
problems for a comprehensive specialty sleep evaluation that
includes polysomnography.

Primary Insomnia in TMD

Prior work studying sleep quality in chronic pain disorders
has not utilized the recently developed RDC for insomnia;
therefore, the rates of primary insomnia, we observed cannot
be easily contextualized with findings from the broader chronic
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pain literature. These data will require replication. It should also
be noted that this finding may not generalize to other chronic
pain conditions, such as low back pain, in which physical dis-
comfort may play a more prominent role in fragmenting sleep.
Our finding of a high rate of primary insomnia versus second-
ary is consistent, however, with current conceptual models of
chronic insomnia, which have highlighted the perspective that
as insomnia becomes chronic, even when comorbid with other
medical or psychiatric disorders, maladaptive coping factors,
and conditioned hyperarousal are likely to develop and contrib-
ute to the perpetuation of symptoms.** This can blur clean dis-
tinctions between primary insomnia versus secondary insomnia
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Table 5—Multivariate Mixed Effects Model Coefficients Predicting Heat and Pressure Pain Thresholds

Sleep and Covariate Predictors Unstandardized Std. Error Standardized B P-value

Heat Pain Threshold —Volar forearm (Dependent Variable)
Primary insomnia 2.9 1.2 —0.37 0.01%*
Respiratory disturbance index during sleep 0.08 0.06 0.19 0.17
Sleep bruxism bursts/ hr (M, nights 1 & 2) —0.02 0.09 —-0.03 0.82
Periodic limb movement index 0.01 0.06 0.01 0.93
Age 0.0 0.05 0.0 0.99
Sex —0.23 1.26 —0.03 0.85
Body mass index 0.10 0.11 0.16 0.32
MAP (prior to testing) —0.02 0.06 —0.05 0.74
Time -0.17 0.47 —0.03 0.71
Day —0.16 0.33 —0.04 0.63

Pressure Pain Threshold — Masseter (Dependent Variable)
Primary insomnia -61.3 19.8 —0.42 0.002%*
Respiratory disturbance index during sleep 1.4 1.0 0.18 0.19
Sleep bruxism bursts / hr (M, nights 1 & 2) 0.25 1.6 0.02 0.88
Periodic limb movement index —0.59 1.2 —0.07 0.61
Age 1.2 0.87 0.23 0.16
Sex -36.2 23.1 -0.22 0.12
Body mass index 3.6 1.9 0.29 0.07
MAP (prior to testing) -1.1 1.0 -0.17 0.28
Time 2.3 4.7 0.02 0.63
Day -11.0 34 -0.12 0.001***

Pressure Pain Threshold — Dorsal Forearm (Dependent Variable)
Primary insomnia —73.4 34.0 —0.26 0.03*
Respiratory disturbance index during sleep 3.7 1.8 0.25 0.04*
Sleep bruxism bursts / hr (M, nights 1 & 2) —-0.58 2.7 —-0.02 0.83
Periodic limb movement index —0.43 2.0 —0.03 0.83
Age 1.8 1.8 0.18 0.22
Sex —62.5 1.5 -0.20 0.12
Body mass index 2.4 33 0.35 0.02
MAP (prior to testing) 20.3 1.8 —0.20 0.17
Time (AM versus PM) 10.2 12.3 0.04 0.41
Day (1,2,3) —-19.3 8.7 —0.11 0.03*

*P <0.05, **P<0.01, ***P <0.001

diagnoses. Some have argued that endeavoring to make this
distinction when chronic insomnia is associated with medical
comorbidity may not be tenable.*> Our data, however, suggest
that in TMD, the identification of primary insomnia is possible
and it has important implications as discussed below. These
data suggest that pure “secondary insomnia” in TMD appears
to be infrequent.

Sleep Apnea in TMD

We are not aware of any prior studies in TMD using PSG to
determine rates of sleep apnea. A questionnaire-based study,
however, comparing TMD patients to well-matched controls
reported a 6% prevalence estimate of OSA in TMD.* This
study based the likelihood of an OSA diagnosis on a self-
report symptom cut-off score only. Using PSG, however, we
found that approximately one-third of patients had obstructive
sleep apnea. This strongly suggests that sole reliance on self-
reported symptoms and algorithms based on traditional OSA
risk factors, such as BMI, male sex, and complaints of loud
snoring, is not likely to be a valid means to screen for OSA
in TMD and may substantially underestimate its prevalence.

SLEEP, Vol. 32, No. 6, 2009 787

Given the serious cardiovascular consequences of OSA,* our
data suggest that clinicians treating TMD patients with persis-
tent sleep complaints should strongly consider recommending
a PSG study. While we do not have a matched control group
to more clearly determine whether our apnea rate of 28% rate
is, in fact, elevated, population-based estimates of sleep apnea
in middle aged adults are in the range of 4% for men and 2%
for women.* Even updated estimates accounting for the in-
creasing prevalence of obesity, suggest an overall apnea rate
of approximately 17%.* Given the young female preponder-
ance and relatively low BMI in our TMD sample, our rate of
28% suggests that sleep apnea is very likely to be well above
expected or predicted levels in TMD patients and strongly un-
derscores the need for a large scale definitive study. While it
is unknown why sleep apnea rates may be elevated in TMD,
a recent epidemiologic survey of the general population re-
ported a strong link between the diagnosis of sleep apnea and
self-reported sleep bruxism.* Causal relationships between
sleep bruxism and TMD remain controversial,*” however, but
it is clear from our data that more research is needed to ex-
plore possible interrelationships between sleep bruxism, sleep
apnea, and orofacial pain.
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Sleep Disorders and Laboratory Pain Sensitivity in TMD

Based on similarities in overlapping symptom complexes
in primary insomnia and idiopathic pain disorders, and experi-
mental data demonstrating that sleep deprivation induces hy-
peralgesia in healthy subjects, we hypothesized that insomnia
would be associated with hyperalgesia. Our data support this
hypothesis and are consistent with a population based study,
which found that self-reported poor sleep is associated with re-
duced pressure pain threshold.*® We found primary insomnia to
be associated with both mechanical and thermal pain sensitivity
measured at the masseter (mechanical measurement only) and
the arm.

Finding hypersensitivity at unaffected sites has been sug-
gested to implicate aberrant central pain processing deficits
that may play a critical role in idiopathic pain disorders such
as myofascial TMD.***° Our finding that primary insomnia is
associated with hyperalgesia at “unaffected” TMD sites, sug-
gests that primary insomnia may either share a common sub-
strate underlying central sensitivity and/or play a causal role
in the development of hyperalgesia. While difficult to gauge
the clinical significance of the observed reduction in pain sen-
sitivity, the magnitude of the hyperalgesic effect for primary
insomnia is large compared to other clinically meaningful dif-
ferences found in the pain literature. For example, prior work
by our group found a 1.7°C difference in heat pain threshold in
men compared to women.*' Sex differences in pain sensitivity
are widely considered to provide physiologic insight into the
differential impact of chronic pain disorders among women.
In the current study, primary insomnia was associated with a
2.9°C reduction in pain threshold. This effect is well above the
just noticeable difference for heat-related stimuli, which is ap-
proximately 0.5°C.>* Our thermal pain threshold values for the
primary insomnia group are also consistent with those reported
for fibromyalgia, e.g., Geisser et al.™

Our findings appear to suggest specificity for a relationship
between the construct of primary insomnia and hyperalgesia.
Neither sleep bruxism nor sleep apnea was associated with hy-
peralgesia. While too few subjects were diagnosed with sec-
ondary insomnia to draw any firm conclusions, the inclusion
of secondary insomnia in the regression models reduced the
amount of variance explained by insomnia. This suggests that
the relationship between insomnia and hyperalgesia appears to
be more robustly tied to the construct of primary and not sec-
ondary insomnia. Future work to clarify this issue should focus
on conducting quantitative sensory testing in patients with pri-
mary insomnia in the absence of clinical pain disorders.

Unexpectedly, we found some evidence that the respiratory
disturbance index was associated with higher pain thresholds
(hypoalgesia). Because we controlled for blood pressure prior to
testing, the possibility that high blood pressure associated with
sleep apnea might account for the relationship does not appear
viable. It remains possible, however, that sleep-related respira-
tory events may exert a more subtle impact on the interaction
between the cardiovascular system, baroreceptor function (e.g.,
baroreceptor activation is a known cause of hypoalgesia®* and
pain regulatory systems, than is measured by blood pressure.
This finding might have important implications with respect to
using quantitative sensory testing to screen patients with TMD
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who are at risk for sleep apnea and/ or hypertension. It should
be noted that while we controlled for BMI, it remains possible
that the sleep apnea hypoalgesia finding is confounded by other
body habitus measures that were not assessed, such as forearm
muscle girth. Body habitus factors are not routinely assessed
in quantitative sensory testing studies, and our finding that that
BMI was associated with decreased pain sensitivity indicates
that body habitus factors should be routinely considered in
quantitative sensory testing studies.

We might have expected that sleep apnea, like insomnia,
would have been associated with increased pain sensitivity
(decreased pain threshold), by virtue of sleep fragmentation,
which is often associated with sleep apnea. Sleep apnea related
intermittent hypoxia is also linked with elevated inflammatory
markers,* including proinflammatory cytokines, which are
known to sensitize nociceptors and contribute to hyperalgesia.
The seeming paradoxical association between sleep apnea and
hypoalgesia, might be related to the fact that sleep apnea in our
TMD sample, was relatively mild and not associated with either
sleep architecture or continuity disturbance. Future planned
analysis will utilize power spectral analysis to quantify more
subtle sleep microstructure abnormalities linked with both ap-
nea and insomnia in this sample to determine whether they pro-
spectively predict the course of clinical pain.

In our hands, no relationship emerged between the sleep
bruxism index and either masseter or forearm pain sensitivity.
Although numerous self-report studies have found positive as-
sociations between sleep bruxism and orofacial pain severity,>>*
several PSG studies have failed find a relationship between ob-
jective sleep bruxism indices and clinical pain.'”*” Rompre and
colleagues, for example, have recently reported that a subgroup
of sleep bruxers who demonstrate reduced bruxism events are
at actually at increased risk for reporting pain.>® This seemingly
conflicting data, suggest a complex, perhaps temporally spe-
cific relationship between sleep bruxism and clinical pain, and
certainly requires more research attention.

Another finding revealed by the LME models was that over
the 3 days of quantitative sensory testing and independent of the
time of day of the testing, pressure pain thresholds decreased
over time at both the masseter and forearm sites. This suggests
that patients became sensitized to the mechanical stimula-
tion procedures. This pattern is opposite of what is expected
in healthy subjects who tend to habituate to repeated noxious
stimulation presented at these intervals.”® Due to power limita-
tions with this sample, we did not evaluated whether insomnia
diagnosis interacted with the effects of repeated testing. Larger
scale studies will be required to examine this possibility.

This investigation has a number of limitations which should
be considered when interpreting the results. The data are cross-
sectional and therefore preclude causal interpretations. The lack
of a healthy control group limits firm conclusions about the rela-
tive rates of sleep disorders in TMD and the sample size limits
power. Moreover, the inclusion of a chronic pain comparison
group would be useful in determining whether the observed find-
ings are specific to TMD, or represent some more general phe-
nomena in pain patients. Another potential limitation of this work
is that only one clinical researcher conducted the structured diag-
nostic interviews (MTS: SIS-D, SCID & EG: RDC/TMD). This
might limit generalizability. The sound psychometric properties
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of these instruments and experience the examiners, however,
mitigates this potential issue. Since this is the first study of TMD
to incorporate, structured diagnostic interviews to diagnose sleep
disorders in TMD, these methods are an advance that await rep-
lication. Despite these limitations, this is the first comprehensive
investigation of sleep disorders in TMD using polysomnography
and structured research diagnostic interviews.

These data are also the first to report a relationship between
primary insomnia and hyperalgesia and as such, suggest the
possibility that clinical insomnia may indeed play a pathophys-
iologic role in TMD and other central sensitivity syndromes.
These data raise the possibility that targeting factors thought
to drive primary insomnia, such as psychophysiologic arousal,
in addition to improving sleep continuity may enhance the effi-
cacy of treatments for TMD and other idiopathic pain disorders
and possibly have prophylactic benefits.
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