pii: zsx078 http://dx.doi.org/10.1093/sleep/zsx078

ORIGINAL ARTICLE

Interepisode Sleep Bruxism Intervals and Myofascial Face Pain
Konstantin Muzalev, DDS, MSc'; Frank Lobbezoo, DDS, PhD'?; Malvin N. Janal, PhD?; Karen G. Raphael, PhD?

Department of Oral Kinesiology, Academic Centre for Dentistry Amsterdam (ACTA), University of Amsterdam and Vrije Universiteit Amsterdam, Amsterdam, The Netherlands;
Department of Oral and Maxillofacial Pathology, Radiology, and Medicine, New York University College of Dentistry, New York, NY; *Department of Epidemiology and Health
Promotion, New York University College of Dentistry, New York, NY

Study Objectives: Sleep bruxism (SB) is considered as a possible etiological factor for temporomandibular disorder (TMD) pain. However, polysomnographic
(PSG) studies, which are current “gold standard” diagnostic approach to SB, failed to prove an association between SB and TMD. A possible explanation could
be that PSG studies have considered only limited characteristics of SB activity: the number of SB events per hour and, sometimes, the total duration of SB per
night. According to the sports sciences literature, lack of adequate rest time between muscle activities leads to muscle overloading and pain. Therefore, the aim
of this study was to determine whether the intervals between bruxism events differ between patients with and without TMD pain.

Methods: Two groups of female volunteers were recruited: myofascial TMD pain group (n=124) and non-TMD control group (n=46). From these groups, we
selected 86 (69%) case participants and 37 (80%) controls who had at least two SB episodes per night based on PSG recordings. A linear mixed model was
used to compare case and control groups over the repeated observations of interepisode intervals.

Results: The duration of interepisode intervals was statistically similar in the case (mean [standard deviation {SD}] 1137.7 [1975.8] seconds)] and control
(mean [SD] 1192.0 [1972.0] seconds) groups. There were also a similar number of SB episodes per hour and a total duration of SB episodes in both groups.
Conclusions: The current data fail to support the idea that TMD pain can be explained by increasing number of SB episodes per hour of sleep or decreasing
the time between SB events.

Keywords: facial pain, myalgia, muscle contraction, sleep, polysomnography.

Statement of Significance

The role of sleep bruxism (SB) in the etiology of jaw-muscle pain remains controversial. In this paper, we aimed to explain developing of jaw-muscle pain
by taking into account the duration of “rest-time” intervals between SB events. Because no significant difference between case group with jaw-muscle pain
and pain-free control group was detected, we conclude that the duration of “rest-time” intervals is not the key factor. Further research is needed to clarify
the possible etiological factors for jaw-muscle pain.

INTRODUCTION subsequent muscle contractions.'® It is widely accepted that the
Sleep bruxism (SB) is a repetitive jaw-muscle activity charac-  balance between muscle work and recovery plays a crucial role
terized by clenching or grinding of the teeth and/or by brac- in preventing overloading.'” A lack of adequate recovery might
ing or thrusting of the mandible during sleep.' It is a rather  thus lead to muscle overloading and pain.

common condition. Reported prevalence is up to 41% (range: Previous studies about the association between SB and jaw-mus-
3.5%40.6%) in the general adult population,”> with the high-  cle pain, which used PSG and the RDC/TMD as the respective
est estimates coming from studies that used self-report to diag- diagnostics approaches, have used only few characteristics of

nose SB. Currently, polysomnography (PSG) with audio-video  jaw-muscle activity to describe SB, viz, the number of bruxism
recordings is considered the most accurate method to diagnose episodes per hour of sleep and, in some cases, the total duration of
SB.3* Based on PSG studies,’ the reported prevalence of SBin  bruxism episodes.'®!? These studies yielded contradictory results:

the general population is around 7%. SB has long been con- some found an association between TMD pain and SB¥, whereas
sidered as a possible etiological factor for temporomandibular  others detected either no association®' or even a negative one.?>?

disorders (TMDs).5® TMD is a collective term embracing a There are no studies so far describing associations between
number of clinical problems of the musculoskeletal structures  the duration of interepisode intervals (IEI) and jaw-muscle
of the masticatory system. The most frequently reported symp- pain. However, this characteristic of jaw-muscle activity could
tom is pain originating from the masticatory muscles, which is ~ be important in producing muscle overloading that in turn may
often aggravated during function.’!? cause jaw-muscle pain. Therefore, the aim of this study was to

To diagnose jaw-muscle pain (myofascial TMD pain) as well ~ determine, based on sleep-laboratory PSG recordings, whether
as other TMDs, structured self-report and clinical instruments  the intervals between SB events (IEI) differ between patients
like the Research Diagnostic Criteria for TMD!'® (RDC/TMD) with and without myofascial face pain. We hypothesized shorter
and the Diagnostic Criteria for TMD'? (DC/TMD) are recom- IEI in TMD patients than non-TMD control participants.
mended. In the dental office, jaw-muscle pain can be found
in many patients who are assumed to engage in SB. It can be ~ MATERIAL AND METHODS
speculated that patients with developed jaw-muscle pain are The study was approved by The Institutional Review Board
presumed to have “overloaded” their muscles, which is not  at the New York University (NYU) School of Medicine (New
unlikely to occur due to the unconscious nature of SB. Several York, New York) (study # 107-303).
hypotheses have been proposed to explain the development of
overuse-related muscle pain.'> The most important of these are Participants
the duration of the muscle activity,'* the type of muscle contrac- Participants were recruited from among patients seeking treat-
tion' (ie, concentric or eccentric), and the rest intervals between ~ ment at the NYU College of Dentistry. Before entering the
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study, all participants completed a full informed consent pro-
cess and signed an informed consent form.

For the present study, only female volunteers were recruited,
given the higher prevalence of TMD pain in women.** The
participants were allocated in the case group or in the control
group based on the presence or absence of myofascial TMD
pain, independent of their own beliefs regarding the presence or
absence of SB. The control sample was a demographic match
to the case participants regarding age, socioeconomic status,
and race.

The RDC/TMD was used to establish the diagnosis of myo-
fascial TMD pain. Two raters used RDC/TMD training tapes
and materials and were initially calibrated to high levels of
diagnostic concordance, with repeat periodic reliability test-
ing throughout the study. One of the two raters was the “main”
rater providing the study data, whereas the other rater (who was
experienced in using the RDC) served as gold standard.

Potential participants were excluded from either group if they
reported a history of trauma to the face, acute dental problems,
or recent extensive dental treatment. At least 48 hours should
have passed between the latest dental treatment and the RDC/
TMD examination. Also, persons were excluded from partici-
pation if they were pregnant, habitually smoked after bedtime,
habitually slept less than 4 hours per night, had a neuropathic
facial pain condition, or had been diagnosed with severe
obstructive sleep apnea (ie, an apnea-hypopnea index 30 or
more events/hour of sleep) requiring continuous positive airway
pressure, which would have interfered with SB measurement
(see below). Moreover, studying the IEI between SB events
requires the presence of at least two SB episodes per night.
Thus, participant who presented less than two SB episodes per
night based on PSG registration (see below) were excluded
from the final analysis.

In all, 124 women with a diagnosis of myofascial TMD pain
and 46 pain-free control participants completed the sleep lab-
oratory studies. From them, 86 case participants (69%) and 37
controls (80%) had at least two SB episodes. Thus, the final
analysis of IEI between SB events was based on data from 123
participants.

Polysomnography

The PSG registrations were performed at a sleep laboratory
affiliated with the NYU School of Medicine. Participants were
studied in the sleep laboratory for two consecutive nights.
The first night allowed for adaptation to the sleep laboratory
environment. The second night was used for the registration
of jaw-muscle activity and sleep architecture. Data from the
first night were, however, used for the statistical analysis in 10
instances: three cases failed to return for the second night and
six cases and one control were missing data during the second
night due to technical problems.

The onset and offset times of the nocturnal PSG recordings
were determined from each participant’s habitual sleep times,
with the recordings running approximately from 10:30 pm to
07:00 am. The PSG record consisted of a six-channel electroen-
cephalogram, a bilateral electrooculogram, a bilateral submen-
tal (chin) and anterior tibialis electromyogram (EMG), a right
and left masseter and temporalis EMG, an electrocardiogram,
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chest and abdominal motion (by means of belts with piezoe-
lectric sensors), body position, airflow by nasal pressure trans-
ducer and nasal-oral thermistor, and oximetry.

Outcome Measures

PSG data were exported to Stellate Harmonie software (Natus,
San Carlos, California) for analysis. Two raters independently
scored sleep stages, arousals, apneas, and periodic limb move-
ments. Inter-rater reliability for identification of SB episodes by
the two scorers was excellent (i = 0.89). For reasons unrelated
to this study, one of the sleep scorers was not blinded to the
participants’ case-control status.

Jaw-muscle activity was analyzed using the Research
Diagnostic Criteria for SB (RDC/SB) for the right mas-
seter.> Masseter activity that exceeded twice the amplitude
of the relaxed waking EMG level before sleep was used as
the threshold. Against this reference, phasic episodes were
defined by three or more brief (> 0.25 seconds and < 2.0 sec-
onds) EMG bursts. Tonic episodes were scored if the burst
duration was longer than 2 seconds. A mixed episode cor-
responds to phasic and tonic bursts, separated by an interval
lasting less than 3 seconds. EMG episodes that were sepa-
rated by an IEI of at least 3 seconds were scored as different
episodes.

Data Analysis

As a first step, the frequency of SB episodes per hour of sleep
was calculated and participants who had two or more SB epi-
sodes per night were selected. Then, the frequency of SB epi-
sodes per hour of sleep, the duration of SB episodes, and the
duration of the intervals between SB episodes were calculated.
The time between sleep onset and the first SB episode, as well
as the time between the last SB episode and the end of sleep,
were excluded from the last calculation.

Independent samples #-tests were used to compare age and
educational levels between the two groups, and a chi-square
test was used to compare groups on race, ethnicity, marital, and
work status. A median test was used to compare groups on the
average number and average duration of the SB episodes. A lin-
ear mixed model was used to compare case and control groups
over the repeated observations of IEI, following rank transfor-
mation of those durations to correct skew in their distribution.
The choice of rank transformation, instead of commonly used
logarithm or square root one, was based on our experience that
suggests that rank transformation deals better with outliers.?
All tests employed a significance level of five percent. Statistical
analysis was performed using IBM SPSS Statistics 23 software
(IBM Corp., Armonk, New York, USA).

RESULTS

The control and case groups did not differ in terms of measured
demographic characteristics. Controls and cases were, respec-
tively, of similar age (mean [standard deviation {SD}] = 34.7
[12.9] vs. 37.8 [13.4] years; p = .23), educational level (mean
[SD] = 15.6 [2.1] vs. 15.9 [2.2] years; p = .57), race (61.1
vs. 70% white; p = .23), Hispanic ethnicity (26.7 vs. 17.3%;
p =.77), currently employed for pay (69.4 vs. 59.5%; p = 0.31),
and never married (66.7 vs. 65.8%; x> = 1.5, p = .92). Cases
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reported a mean (SD) characteristic pain intensity of 5.1 (1.75)
and median pain chronicity of 84 months.

Polysomnography. The number of SB episodes per hour of
sleep ranged widely in this sample, from 0 to 11, with a median
of 1.4 episodes. There were a similar number of SB episodes
per hour in control and case groups (mean [SD]=2.2 [1.9] and
2.1 [2.0]), respectively (p = .77). The duration of SB episodes
per night also varied widely, with durations ranging from 0.9
to 402.6 seconds and a median duration of 45 seconds. Groups
had a similar total duration of SB episodes (mean [SD] = 72.2
[71.4] seconds for the control group and 66.7 [74.3] seconds for
the case group; p = .3). Figure 1 shows the distribution of IEI
before and after rank transformation was performed. As shown,
there was considerable skew in the crude distribution (A), so
that while median intervals were between 5 and 6 minutes (281
seconds in cases and 393 seconds in controls), those intervals
could range above 4 hours. Rank transformation of these data

greatly improved the symmetry of these distributions (B),
and those data were used in further analysis. Although mean
rank was lower among cases than controls, consistent with the
hypothesized shorter latency to next event, the linear mixed
model analysis indicated statistically similar levels in the two
groups. PSG results are summarized in Table 1.

DISCUSSION

The aim of this study was to test, using sleep-laboratory PSG
recordings, whether the IEI between SB events differ between
patients with and without myofascial pain. According to the
sports sciences literature, lack of adequate rest-time between
muscle activities leads to muscle overloading and pain.*
However, the recommended RDC/SB mainly focus on two char-
acteristics of jaw-muscle contraction: the number of bruxism
episodes and bursts per hour of sleep. In this paper, we hypoth-
esized that the same SB activity (ie, with the same number of
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Table 1—Polysomnograpy (PSG): Comparison of Sleep Bruxism (SB) Measures in Myofascial Temporomandibular Pain Disorder (TMD) Cases and

Controls.
PSG Measure Controls (n=37) Cases (n=86) p value
Mean (SD) Median Mean (SD) Median
RMMA episodes (per hour) 2.2(1.9) 1.4 2.1(2.0) 14 a7
Duration (all episodes, seconds) 722 (71.4) 48.9 66.7 (74.3) 41.2 3
Duration of interepisode intervals (seconds) 1192.0 (1972.0) 393 1137.7 (1975.8) 281 51
Duration of interepisode intervals (rank) 827.4 (482.4) 864 806.7 (463.5) 793 44

SD = standard deviation.
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episodes and bursts) can have a different effect on the jaw mus-
cles depending on its distribution over the night. For example,
patients with jaw-muscle pain can have their SB episodes dis-
tributed over the night in a skewed fashion, with the episodes
mainly being present in a short period of time. This can lead
to much more load and possible muscle injury than in cases
where the SB episodes are more or less equally distributed over
the night. To test this hypothesis, we compared the duration of
IEI between SB events in individuals with jaw-muscle pain and
pain-free controls. The most important finding of this study is
that there is no significant difference between the case and con-
trol groups in the duration of IEI. The two groups also did not
differ in the number of SB episodes per hour of sleep or in the
duration of the SB episodes. The last findings echo the results
reported by Raphael et al.,*! from whose data set we selected
current participants with two or more SB episodes per hour of
sleep. It is noteworthy that more control than case participants
(80% vs. 69%; p = .045, two-tailed Fisher’s Exact test) were
included in the present study from the data set of Raphael et. al.?!
This is consistent with the earlier reported observation that
TMD-pain patients have fewer SB episodes than non-TMD
controls.?!?3

The relationship between SB and TMD pain has been the
topic of several studies over the last years.”” The exact nature
of the relationship between these conditions, however, is still
unknown, with two major but conflicting theories aiming to
explain the association: the Vicious Cycle Theory and the Pain
Adaptation Model.?*?° The Vicious Cycle Theory suggests that
an initiating factor, such as SB, results in pain that reflexively
leads to muscle spasm. In turn, this spasm leads to further pain
and dysfunction, thus completing the loop. However, the evi-
dence that supports the Vicious Cycle Theory is limited.?*3?
The Pain Adaptation Model, on the other hand, suggests that
muscle pain leads to a reduction in muscle activity, which
protects the muscle system from further injury and promotes
healing.**3** This model is commonly considered as the most
appropriate explanation for the effects of pain on muscle per-
formance.?* Although neither the Vicious Cycle Theory nor the
Pain Adaptation Model considers the temporal delays in “cau-
sality” that might exist between pain and muscle function, most
of the studies on SB-TMD pain association that used PSG-
based diagnostics also support the Pain Adaptation Model, pro-
viding evidence of negative or no association between the two.
One PSG-based paper that supports the Vicious Cycle Theory?!
used a single-night PSG, which is not in line with the RDC/SB
that recommends two nights of PSG registrations and reported
very high rates of SB episodes in both case and control groups,
suggesting a unique sample.

Interestingly, the results of our research are consistent neither
with the Vicious Cycle Theory nor with the Pain Adaptation
Model. Based on the Pain Adaptation Model, one could expect
that patients with jaw-muscle pain would have less SB activ-
ity than the control group, whereas based on the Vicious Cycle
Theory, a decrease in jaw-muscle activity is to be expected.
However, in this research, we did not find any difference in
SB activity between groups. This suggests that the association
between pain and muscle function is not hardwired and that other
factors than pain alone determine the motor outcome.* Indeed,
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pain has a multidimensional nature with several characteristics:
duration, intensity, location in the specific part of motor unit,
and individual response to pain.’*=° Moreover, the jaw-muscle
system has a functional and structural heterogeneity.*>*! Tt is
likely that this complex biomechanical system adapts to pain in
different ways in order to maintain required functional integrity
and to protect itself from further injury. This adaptation may not
necessarily lead to muscle performance decrement but rather to
a redistribution of function to other uninjured units.*

The above reasoning suggests that other factors than SB may
play a role in maintaining jaw-muscle pain. In 2006, a large-
scale project entitled Orofacial Pain: Prospective Evaluation
and Risk Assessment (OPPERA) started to identify the risk
factors for TMD. This prospective cohort study evaluated 202
phenotypic risk factors from six domains: sociodemographic,
general health status, pain sensitivity, cardiac autonomic func-
tion, and psychological and clinical orofacial characteristics.*
From these, the frequency of somatic symptoms, for exam-
ple, a running nose, fatigue, and dizziness, was the strongest
psychosocial predictor of TMD incidence.* Smaller contribu-
tions were found for measures of psychological stress, anxiety,
obsessive-compulsive feelings, pain-coping strategies, and
sleep quality. Moreover, genetic associations were found, impli-
cating six single-nucleotide polymorphisms as risk factors for
chronic TMD. This emphasizes that TMD is a complex disorder
which is caused by interplay of multiple genetic and environ-
mental factors, and that a univariate association between SB
and jaw-muscle pain does not represent the actual, far more
complex situation.

As suggested by the sports science literature, successful train-
ing must involve load but also must include adequate recovery
periods.'” As a consequence of load, the athlete may experience
acute feelings of fatigue or even pain. Followed by an adequate
rest period, the acute fatigue results in a positive adaptation
or improvement in performance. This is the basis of effec-
tive training programs. However, in case a disruption occurs
between appropriate training load and adequate recovery, the
athletes may develop a so-called nonfunctional overtraining
which will lead to a decrease in performance, depression, and
pain that may last for several weeks or months. Several con-
founding factors have been reported to contribute to nonfunc-
tional overloading, such as inadequate diet, somatic symptoms
(eg, upper respiratory tract infections), psychosocial distress
(family or work related), and sleep disorders.!” This multifacto-
rial explanatory model of overtraining syndrome seems to have
much in common with the results of OPPERA study, which also
suggests an interplay between similar factors in the etiology of
TMD pain.

The noticeable difference between the overloading in sports
and the data we presented in the current study is the time scale
at which the loading and recovery occurred. In sports science
literature, the training which includes both loading and recovery
periods takes days to weeks (if not months). However, when SB
IEI were considered in the present research, the time intervals
lasted only seconds to minutes. The load and recovery model
from sports literature could be applied to SB in case variable
activity would be present for days to weeks. This would prob-
ably provide a different outcome than reported in the present
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Table 2—Distribution of participants Based on Sleep Bruxism (SB) Diagnostic Cutoff Criteria.

SB intensity Controls Count (%) Cases Count (%) Total Count (%)
Low (>1 and <2 episodes/hour) 9(24.3) 20 (23.3) 29 (23.6)
Moderate (>2 and <4 episodes/hour) 8 (21.6) 21(24.4) 29 (23.6)
High (>4 episodes/hour) 6(16.2) 12 (14) 18 (14.6)

research. Unfortunately, the current study design, with two
nights of SB registration, did not allow to study the “rest” inter-
vals at a longer time scale.

On the other hand, although the sport science literature does
not provide evidence regarding the effect of short-lasting (eg,
seconds) rest-time intervals on muscle injury, this evidence is
available from experimental animal studies. Numerous exper-
imental studies have shown that shorter rest-time interval (eg,
seconds to minutes) between muscle contraction indeed lead to
more muscle injury and dysfunction.'#

Most participants evidenced a low rate of SB events. From
our sample of 123 participants with two and more SB epi-
sodes per night, only 53 case participants (61.2%) and 23
controls (62.2 %) fulfilled minimal criteria for Sleep Bruxism
Diagnosis* but 18 (14.6% of the studied sample) had more than
four SB episodes per hour of sleep, fulfilling the criteria for
the high SB intensity group (Table 2). As the best test of the
muscle overloading theory would be conducted among those
with some critically high rate of SB, we compared inter-event
intervals between cases and controls within each of the three
SB intensity groups. Results were similar in each stratum (anal-
ysis not shown), but further work with extreme subjects may be
necessary.

Although the results of our study suggest that the duration of
interepisode SB intervals is not the “key factor” in the explana-
tory model of TMD pain, the quality of “rest intervals” still may
play a role in the etiology of myofascial TMD pain. Previously,
the analysis of EMG activity occurring outside of defined SB
and other motor events showed that the levels were significantly
higher in myofascial TMD patients compared to non-TMD
controls.*’” These long-lasting periods of elevated EMG activity
between SB episodes could play a role in inadequate muscle
recovery and eventually lead to persistent jaw-muscle pain. This
suggestion is in line with the modified stress-hyperactivity-pain
theory proposed by Ohrbach and McCall,*® which focused on
chronic low-grade hyperactivity.

The fact that sleep background EMG activity was signifi-
cantly higher for woman with myofascial TMD pain than for
control woman rises a question about the thresholds used to
define SB events. The background EMG activity is routinely
used as the threshold to identify SB activity. One can speculate
that using that threshold, which is significantly higher for pain
participants than for controls, could introduce a bias. The higher
threshold could lead to inclusion less SB episodes in the case
group than in the control group, which may have compromised
the outcomes of the study. The alternative for the threshold
based on background EMG activity would be the one based on
percentages from the maximum voluntary contractions (MVC),
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as proposed by Lavigne et al.> However, using this threshold in
myofascial TMD-pain participants may also introduce a bias.
Participants with pain in their jaw muscles could try to avoid
more pain during function and therefore do not express maxi-
mum bite force during the MVC recording. Further research is
needed to establish the most reliable threshold for EMG activ-
ity during sleep, when participants with jaw-muscle pain are
investigated.

Given these limits, current data fail to support the idea that
TMD pain can be explained by increasing number of SB epi-
sodes per hour of sleep or decreasing time between SB events.
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