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Association Between Rhythmic Masticatory Muscle
Activity During Sleep and Masticatory Myofascial Pain:
A Polysomnographic Study

Myofascial pain (MFP) is one of the most common find-
ings in temporomandibular disorders (TMD) patients.1

Although the precise sequence of events that causes MFP
remains unclear, key features, such as muscle tenderness on palpa-
tion, limitation of mouth opening, altered dental occlusal percep-
tion, and mood alterations, are often present and considered con-
sequences of pain.2 The myofascial TMD should not be
understood as a single, discrete disease entity,2–5 because usually, a
variety of overlapping conditions accompanies the painful symp-
tomatology.2

Sleep bruxism (SB) is considered a sleep-related movement dis-
order6 comprising parafunctional clenching and grinding activities
during sleep. Discrimination between SB and bruxism during
wakefulness (daytime bruxism) is dependent on there being differ-
ent etiologies for these phenomena.7 In epidemiologic studies, the
prevalence of self-report varies widely according to the type of
bruxism and the phrasing used in the questionnaire used. One
report found prevalences of 13.4% for exclusively daytime brux-
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Aims: To test for an association between rhythmic masticatory
muscle activity during sleep, as assessed according to polysomno-
graphic criteria for sleep bruxism (RMMA-SB), and myofascial
pain (MFP), as well as the chance of occurrence of MFP in
patients with RMMA-SB. Methods: Thirty MFP patients (diag-
nosed according to the Research Diagnostic Criteria for
Temporomandibular Disorders) and 30 age- and gender-matched
asymptomatic controls underwent a polysomnographic examina-
tion. Also, any self-reporting of daytime clenching (DC) was regis-
tered in 58 of these subjects. Results: Most MFP patients reported
mild or moderate pain (46.67% and 43.33%, respectively), and
only 3 (10%) reported severe pain. Pain duration ranged from 2
to 120 months (mean 34.67 ± 36.96 months). Significant associa-
tions were observed between RMMA-SB and MFP as well as
between DC and MFP. Conclusions: (1) RMMA-SB is signifi-
cantly associated with MFP; (2) although RMMA-SB represents a
risk factor for MFP, this risk is low; and (3) DC probably consti-
tutes a stronger risk factor for MFP than RMMA-SB. J OROFAC
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ism, 12.0% for past daytime bruxism, 3.3% for
exclusively SB, and 6.6% for past SB.8 Moreover,
prevalences of daytime bruxism, SB reported by
another person, and awareness of SB were
reported as 34.2%, 16.1%, and 20.8%, respec-
tively.9 The prevalences of tooth clenching and
nocturnal grinding have also been estimated as
20% and 6%, respectively.10

It is unclear whether bruxism and muscle hyper-
activity can cause pain and vice versa. If such a
relationship existed, it would suggest the existence
of a vicious cycle between these variables.11–19

Some authors,20–35 however, have not found any
strong relationship between these factors. Different
confusing factors are involved in this scenario:
One is the heterogeneity of the diagnostic method.
Muscle or articular pain can be considered sepa-
rately; on the other hand, TMD are considered dis-
eases. Plus, there is bias inherent in assessment of
SB (eg, self-report, dental wear).36 In addition, 2
types of bruxers (with and without MFP) have
been detected and described.23

The aim of this study was to test for an associa-
tion between rhythmic masticatory muscle activity
(RMMA) diagnosed according to polysomno-
graphic (PSG) criteria for SB (RMMA-SB)37 and
MFP, as well as the chance of occurrence of MFP
in patients with RMMA-SB. Because the PSG diag-
nostic criteria for SB are based on RMMA and
episodes with grinding noises, the term RMMA-SB
is used to distinguish this entity from SB recog-
nized by means of clinical criteria (including self-
report, report from sleep partner of tooth grinding,
fatigue or soreness of masticatory muscles on
awakening, dental wear,38 or masseter hypertro-
phy). For reasons of convenience, subjects with
RMMA above the cutoff values of PSG criteria37

of SB are referred to in the present study as sleep
bruxers. The hypothesis tested was that a statisti-
cal association between RMMA-SB and MFP does
exist.

Materials and Methods 

Population and Selection Criteria

The study protocol was approved by the Local
Ethics Committee, Bauru School of Dentistry,
University of São Paulo, Brazil. First, informed
consent was obtained from all subjects. Patients
were examined at the orofacial pain clinic of this
university. 

The exclusion criteria for the whole sample
were: more than 2 missing posterior teeth (exclud-

ing third molars) or the presence of a removable
dental prosthesis; presence of gross malocclusion
(overjet or overbite greater than 6 mm, unilateral
or anterior crossbite, centric relation/maximal
intercuspal position discrepancy greater than 5
mm); use of medications with possible effects on
sleep or motor behavior (eg, benzodiazepine, L-
dopa, neuroleptics, antidepressants, and/or alcohol
or drug abuse); and presence of major neurologic
or psychiatric disorders, as assessed through a spe-
cific questionnaire. Subjects presenting with sleep
disorders, such as orofacial or cervical myoclonus,
narcolepsy, insomnia, periodic leg movements
(PLM) during sleep (with an index of more than
10 events per hour of sleep), electroencephalo-
graphic (EEG) evidence of epileptiform activity,
and sleep apnea (with an index above 5 events per
hour of sleep), confirmed during the PSG examina-
tion,39,40 were also excluded. The examiner was
blinded to the possible presence of parafunctional
habits. Thus, the SB diagnosis was established only
after PSG recording. For all subjects, the examina-
tion included a questionnaire about sleep disor-
ders, medication intake, drug or alcohol abuse,
motor or neurologic disorders, and general health.
An occlusal examination was also performed. 

To classify the subjects into the MFP or control
groups, a specific questionnaire was used to screen
for pain complaint and pain location as well as
pain frequency, intensity, and history. Subjects
were asked to record their pain intensity at rest by
means of a visual analog scale (VAS). The VAS
consisted of a 100-mm line oriented horizontally,
with the left endpoint of the scale indicating “no
pain at all” and the right endpoint corresponding
to “the worst pain I can now imagine.” Questions
about the presence of articular pain and sounds,
restriction of mandibular movement or locking,
mandibular luxation, and headache were also
asked. Also, an anamnestic questionnaire41 com-
posed of 10 questions was used to assess the inten-
sity of TMD.

The physical TMD examination included func-
tional evaluation of the temporomandibular joint
(TMJ), mouth opening pattern, vertical range of
mandibular motion (unassisted opening without
pain), TMJ sound inspection, and palpation. The
following muscles (right side and left side count as
separate sites for each muscle) were examined:
temporalis (anterior, middle, and posterior); mas-
seter (origin, body, insertion, and deep portion);
submandibular region (medial pterygoid, suprahy-
oid, anterior digastric region); and posterior
mandibular region (stylohyoid/posterior digastric
region). Digital pressure exerted during palpation
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by the examiner was previously calibrated with the
aid of an algometer (Kratos). Recommended val-
ues of 1.0 kg-ft and 1.5 kg-ft were used for the
TMJ and muscles, respectively.42 All examinations
were carried out by the same examiner. Muscle
and TMJ palpation was performed following the
instructions of the Research Diagnostic Criteria for
Temporomandibular Disorders (RDC/TMD).42

Subjects were asked to determine whether the pal-
pation hurt (painful) or whether merely a sensa-
tion of pressure was felt (scored as 0). If it hurt,
the subjects were asked to indicate whether the
pain was mild (1), moderate (2), or severe (3).
These scores were employed in the calculation of
score of sensitivity. 

The criteria for MFP diagnosis were: report of
pain or ache in the jaw, temples, face, preauricular
area, or inside the ear at rest or during function for
at least 2 months, accompanied by tenderness to
palpation in 3 or more of the 18 palpated muscle
sites (RDC/TMD).42 For the control group, the
inclusion criterion was the total absence of TMD
signs and symptoms, except for asymptomatic
clicking because of its high prevalence in the gen-
eral population.9,43

Initially, 142 patients were screened. Eighty-two
individuals were excluded for the following rea-
sons: pain or articular dysfunction (42), age (6),
odontogenic pain (3), unwillingness to complete
the study (4), chief complaint of tinnitus (2), sleep
disorders (5), sleep disorders diagnosed after PSG
(4), malocclusion or tooth loss (10), TMD signs in
symptom-free individuals (5), and extraoral
orthodontic appliance (1). The final sample was
composed of 30 MFP subjects (24 women and 6
men) with a mean (± standard deviation [SD]) age
of 26.6 ± 5.0 years (range, 19 to 39 years) and 30
healthy subjects (“controls”; 24 women and 6
men) with a mean age of 26.0 ± 4.5 years (range,
20 to 42 years), fulfilling the requirements of this
study. 

Polysomnography

PSG recordings of all selected subjects were carried
out in the sleep laboratory for 2 consecutive nights,
as suggested by the American Academy of Sleep
Medicine.6 The first night was used for adaptation
to the environment and to rule out other sleep dis-
orders, and the second night was used to collect
experimental data. PSG recordings were performed
in a dark, sound-attenuated, and temperature-con-
trolled room. The mean time of the start of sleep
recording was 11:30 PM, and the finishing time was
6:00 AM or upon the subject’s spontaneous awak-

ening. Sleep was recorded and scored by a standard
method.44 This method specifies electrode place-
ment and scoring criteria for sleep stages based on
3 parameters: EEG, electro-oculographic (EOG)
activities, and chin-electromyographic (EMG)
activities. Video cameras were focused on the head
and neck area, and audio recordings were made
throughout the night. Audio and visual recordings
of the orofacial area were analyzed simultaneously
to rule out SB-nonspecific activity as well as to
confirm the presence of tooth grinding over other
oral sounds. In addition to chin/submental EMG
activity (essential for sleep stage scoring), EMG
activities were recorded also from the right and left
masseter and anterior tibialis muscles. Prior to
sleep recording, each patient performed a series of
10 tasks of 2 seconds’ duration to allow for signal
recognition and calibration of EMG amplification.
The 10 tasks were 3 voluntary clenchings (maximal
intercuspal occlusion), including a maximum vol-
untary contraction; 1 voluntary clenching with
moderate contraction; 1 voluntary clenching with
light contraction; lateral right and left mandibular
movements and contraction of masticatory muscles
at the end of each movement; protrusive mandibu-
lar movement and contraction of masticatory mus-
cles at the end of movement; mouth opening and
closing; and swallowing.

PSG Analysis

PSG analysis was done by a researcher who was
blinded to subject status (MFP or control). 

Sleep. The following sleep parameters were cal-
culated (Table 1): total sleep time, sleep efficiency
(% of actual time asleep), sleep latency (time
before first sleep stage 1), first rapid eye movement
(REM) sleep stage latency, number of micro-
arousals per hour, and percentage of time spent in
each sleep stage per 30-second epoch.

Leg Motor Activity. EMG activities from both
anterior tibialis muscles were analyzed visually,
and periodic leg movements during sleep (PLMS)
were scored according to the method of Coleman
(see Montplaisir et al45). The PLM diagnosis was
positive if at least 10 events per hour of sleep were
scored. Two subjects met this criterion. They were
excluded from the study and replaced by other vol-
unteers screened with the same method.

Apnea/Hypopnea. The number of apneic/hypop-
neic events was scored according to American
Academy of Sleep Medicine criteria.46 One subject
presented more than 5 events of apnea/hypopnea
events per hour and was also excluded from the
study and replaced by another volunteer.

Rossetti.qxd  7/7/08  11:49 AM  Page 192



Jaw Muscle Activity. All masticatory EMG
activities with an amplitude of at least 20% of the
maximum voluntary contraction not associated
with another SB-nonspecific activity (eg, coughing,
sleep talking, grimacing)47 were retained for analy-
sis. According to Lavigne et al,37 this threshold
corresponded to the root mean square EMG signal
that was the most frequently associated, when con-
trolled with audiovisual signals, to the beginning
of a bruxism episode. Events were defined and
scored as 3 different types of episodes37: phasic
(rhythmic), tonic (sustained), or mixed (both pha-
sic and tonic). A phasic episode corresponds to at
least 3 EMG bursts of 0.25 to 2.0 seconds’ dura-
tion, separated by 2 interburst intervals. A tonic
episode corresponds to an EMG burst lasting more
than 2.0 seconds. A mixed episode corresponds to
phasic and tonic episodes separated by an interval
lasting less than 2.0 seconds. The intrarater relia-
bility of the bruxism scorer was assessed on 2
occasions from a sample of 87 bruxism episodes
selected blindly across the study population. The
kappa coefficient demonstrated fair to high agree-
ment48 to phasic (� = 0.73), mixed (� = 0.71), and
tonic (� = 0.59) episodes.

After the end of the experimental phase of this
study (about 1 week), 58 of the same subjects (28
MFP patients and 30 controls) were contacted
again for the assessment of daytime clenching,
since this question was not present on the original
questionnaire. They were asked, “Do you clench
your teeth during the day?” Two patients could
not be contacted because they had moved out of
the city. The answers were registered dichoto-
mously (yes or no).

Statistical Analyses

Statistical analyses were performed on sleep and
jaw muscle activity parameters. Significance was
determined with independent-sample t tests for
normally distributed variables and with the Mann-
Whitney test when the data were not normally dis-
tributed (SigmaStat 2.0, Jandel Scientific). When
the distribution was normal, parametric tests were
performed, and descriptive values were represented
as means ± SDs. When the distribution was non-
normal, nonparametric tests were performed, and
descriptive values were expressed as medians fol-
lowed by maximum and minimum values. The chi-
square test was used to verify possible associations
between RMMA-SB and MFP, daytime clenching
and MFP, report of period of worst pain and
RMMA-SB, and RMMA-SB and daytime clench-
ing. Odds ratios (ORs) and confidence intervals
(CIs) were also calculated. A 5% level of signifi-
cance was adopted.

Results

The mean VAS pain intensity of MFP patients was
39 ± 27 mm. Of the MFP patients, 46.7% (14)
reported mild pain, 43.3% (13) reported moderate
pain, and only 10% (3) reported severe pain. No
subjects in the control group reported pain, in
accordance with the selection criteria. According
to the TMD index,49 1 MFP patient (3.3%) was
classified as having no TMD, 14 (46.7%) as hav-
ing mild TMD, 11 (36.7%) as having moderate
TMD, and 4 (13.3%) as having severe TMD.

Table 1 Sleep Variables (Means ± SDs or Medians) in MFP and Control Groups

Sleep variable Control group MFP group P

Sleep latency (min) 13.74 10.11 .214†

Recording time (h) 6.431 ± 0.584 6.539 ± 0.715 .524*
Sleep efficiency (%) 92.400 92.350 .762†

Total sleep time (h) 5.824 ± 0.568 5.969 ± 0.609 .345*
Microarousals (no./h) 5.750 5.500 .337†

Sleep stage 1 (%)‡ 9.150 8.950 .877†

Sleep stage 2 (%)‡ 50.897 ± 7.169 51.980 ± 8.783 .603*
Sleep stage 3 or 4 (%)‡ 19.183 ± 5.315a 19.230 ± 7.394a .978*
Sleep stage REM (%)‡ 19.883 ± 4.624a 18.437 ± 6.632a .331*
Phasic episodes (%)§ 70.38 ±16.67a 65.55 ± 25.32a .391*
Tonic episodes (%)§ 12.08 ± 6.25b 17.44 ± 1.11b .104†

Mixed episodes (%)§ 16.67 ± 10.09b 12.65 ± 14.48b .217*

P values are for intergroup analysis (*t test; †Mann-Whitney test). 
‡Intragroup analysis for time of sleep stages: Kruskal-Wallis multiple-comparison Z value test. Equal letters
represent statistically similar values
§Intragroup analysis (t test or Mann-Whitney test).
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Twenty-six controls (86.7%) were classified as
having no TMD, and 4 (13.3%) were determined
to have mild TMD. There was a significant differ-
ence in the TMD index49 between the 2 groups:
8.8 ± 4.2 for MFP patients and 1.87 ± 1.69 for
controls (P < .001). 

A statistically (but not clinically) significant
decrease in mouth opening was found for the MFP
patients (46.97 ± 6.53 mm) when compared to
controls (50.43 ± 6.47 mm; P = .043). Seventeen
MFP patients (56.7%) reported that the morning
was the time of the worst pain, 6 (20%) reported
afternoon, and 4 (13.3%) reported night. Three
(10.0%) could not define the worst time of day.
Nine (30%) controls and 7 (23.3%) MFP patients
reported articular clicking (P = .662). No signifi-
cant association was found between sleep bruxers
and the report of worst pain in the morning
(Fisher exact test, P = .706). Eighty-six percent of
MFP patients reported frequent headaches. The
MFP patients presented significantly more sites of
tenderness (7.8 ± 4.01) than controls (0.73 ± 0.94,
t test; P < .01) and a significantly higher score of
sensitivity among tenderness sites (0.65 ± 0.42)
than controls (0.06 ± 0.07, t test; P < .001). 

RMMA

No significant differences were found between
control and MFP patients when sleep variables
were considered (Table 1). According to the previ-
ously established PSG criteria,37 the MFP group (n
= 30) had 19 (63.3%) sleep bruxers and 11
(36.7%) non–sleep bruxers, whereas the control
group comprised 10 (33.3%) sleep bruxers and 20
(66.7%) non–sleep bruxers (n = 30; Fig 1). Among
bruxers (n = 29), there were 19 (65.5%) MFP
patients and 10 (34.5%) controls. Among non-
bruxers (n = 31), there were 11 (35.5%) MFP
patients and 20 (64.5%) controls. Significant asso-
ciations were found between RMMA-SB and MFP
(chi-square 4.27; P = .04; OR 3.45; 95% CI, 1.07
to 11.19). 

Daytime Clenching 

Fifty-eight (58) subjects (28 MFP patients and 30
controls) were asked to report possible existence of
daytime clenching. Twenty-four (85.7%) MFP
patients and 10 (33.3%) controls reported daytime
clenching, and a significant association was found
(chi-square 14.29; P < .001; OR 12.0; 95% CI,
3.26 to 44.15) between daytime clenching and
MFP (Fig 1). Among the entire sample, those with
daytime clenching had a mean age of 27.12 ± 2.27
years; 28 were women and 6 were men. Those
without daytime clenching had a mean age of 25.5
± 3.71 years (19 women and 5 men; t test between
groups, P = .201). To assess whether daytime
clenching would have contributed to the severity
of pain among MFP patients, some clinical vari-
ables were compared between MFP patients with
and without daytime clenching (Table 2). The mul-
tiple logistic regression model revealed a signifi-
cant influence of daytime clenching (P < .001) and
RMMA-SB (P = .006) as independent variables on
the presence of MFP (group as dependent vari-
able). Despite its major prevalence in the MFP
group (70.6%), daytime clenching did not exert a
significant influence on mean VAS of MFP patients
(linear regression, P = .885). No significant associ-
ation between self-report of daytime clenching and
the report of worst pain on evening was found
(Fisher exact test, P = .613). Eleven subjects
(45.8%) in the daytime clenching group and 1
(25%) who did not report daytime clenching
reported that the afternoon/evening was the period
of worst pain. No significant difference on evening
VAS was found between MFP patients who
reported daytime clenching and those who did not
(t test, P = .846).

Oromotor Activities

There was no difference between MFP patients and
controls in the percentages of phasic, tonic, and
mixed episodes (Table 1). Asymptomatic sleep brux-
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Fig 1 Percentages of MFP patients and control sub-
jects, classified follows: RMMA-SB (+) = subjects with
RMMA-SB; RMMA-SB (–) = subjects whose RMMA
did not reach the polysomnographic criteria for sleep
bruxism; DC (+) = subjects who reported daytime
clenching; and DC (–) = subjects who did not report
daytime clenching.
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ers, however, presented significantly higher percent-
ages of tonic episodes than sleep bruxers with MFP
(Tables 3a and 3b). Both sleep bruxers and non–sleep
bruxers had significantly more phasic RMMA
episodes than tonic or mixed episodes (Table 4). 

None of the sleep variables showed any signifi-
cant difference between sleep bruxers and
non–sleep bruxers (Table 4). Table 5 shows the
RMMA indices (numbers of episodes/night,
episodes/hour, bursts/hour, bursts/episode, and
episodes with grinding noise). All these indices

were statistically greater in sleep bruxers than in
non–sleep bruxers. The diagnostic values were
reported as sensitivity  of 72% for the number of
episodes/hour, 78% for the number of bursts/hour,
and 78% for the number of episodes with grinding
noise and specificity of 94% for the number of
episodes/ hour, 100% for the number of
bursts/hour, and 94% for the number of episodes
of grinding sounds during the night.37

The percentages of episodes per sleep stage were
not statistically different (Table 5), reflecting the

Table 2 Clinical Comparison of MFP Patients With and Without Daytime
Clenching (DC)

Clinical variable With DC (n = 24) Without DC (n = 4) P

Sex distribution 19 women, 5 men 4 women, 0 men .313*

Age (mean ± SD, in y) 27.58 ± 5.05 23.25 ± 2.50 .108†

Mean VAS (mean ± SD, in mm) 36.33 ± 23.66 52.93 ± 28.00 .215†

Evening VAS (mean ± SD, in mm) 13.38 ± 16.74 20.25 ± 15.17 .449†

Pain intensity report 11 with mild pain, 1 with mild pain, .536*

11 with moderate pain, 2 with moderate pain, 
2 with severe pain 1 with severe pain

TMD index (mean ± SD) 9.00 ± 3.55 10.00 ± 7.26 .659†

Mouth opening (mean ± SD, in mm) 47.54 ± 6.76 47.50 ± 6.56 .579†

Pain duration (median, in mo) 24.00 12.00 .450‡

Joint noise 7 (29.17%) 0 (0%) .212*

*Chi-square test.
†t test.
‡Mann-Whitney test.

Table 3a Analysis of Sleep Bruxers (MFP Versus Controls) for Subtypes of
Episodes (Phasic, Tonic, or Mixed) 

MFP (n = 19) Control (n = 10) 
Episode type (mean ± SD or median) (mean ± SD or median) P

Phasic episodes (%) 72.00a 62.59a .281†

Tonic episodes (%) 13.09 ± 7.34b 20.90 ± 9.72b .022*
Mixed episodes (%) 17.09 ± 10.91b 15.53 ± 7.96b .692*

*t test; †Mann-Whitney test.
P values are for intergroup analysis. Same superscript letters represent lack of statistically significant differ-
ence for intragroup analysis.

Table 3b Analysis of Sleep Bruxers (With DC Versus Without DC) for Subtypes
of Episodes (Phasic, Tonic, or Mixed) 

With DC (n = 17) Without DC (n = 12) 
Episode type (mean ± SD) (mean ± SD) P

Phasic episodes (%) 70.68 ± 14.80a 63.72 ± 12.64a .197*
Tonic episodes (%) 13.14 ± 8.11b 19.52 ± 8.11b .056*
Mixed episodes (%) 16.41 ± 11.32b 16.75 ± 7.85b .929*

P values are for intergroup analysis. Same superscript letters represent lack of statistically significant differ-
ence for intragroup analysis.
*t test.
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similar sleep macrostructure in these groups. Based
on the PSG criteria, the MFP sleep bruxer sub-
group had 16 women and 3 men (mean age 27.26
± 5.07 years), while the MFP non–sleep bruxers
included 8 women and 3 men (mean age 25.54 ±
4.82 years) (t test for age, P = .149). No differ-
ences were detected between MFP sleep bruxers
and non–sleep bruxers in TMD indices (t test, P =
.519); vertical range of motion of mandible (t test,
P = .139); time of pain onset in months (Mann-
Whitney test, P = .863); presence of articular

sounds (Fisher exact test, P = .371); number of
tender muscle sites (t test, P = .733); and sensitivity
score (t test, P = .722).

Eleven (57.9%) MFP sleep bruxers and 5
(45.5%) MFP non–sleep bruxers reported the
morning as the period of worst pain. No associa-
tion was detected between the period of worst
pain and RMMA-SB (P = .706). No statistical
differences in RMMA indices were found when
the period of the worst pain (morning or other
period) was considered, regardless of the presence

Table 4 Comparison of Sleep Variables (Means ± SDs or Medians) Between
Sleep Bruxers and Non–Sleep Bruxers

Sleep variable Sleep bruxers (n = 29) Non–sleep bruxers (n = 31) P

Sleep latency (min) 10.50 12.00 .383*
Recorder time (h) 6.426 ± 0.669 6.539 ± 0.638 .505
Sleep efficiency (%) 93.700 91.800 .107*
Total sleep time (h) 5.903 ± 0.591 5.891 ± 0.596 .936†

Microarousals (no./h) 5.900 4.800 .280*
Sleep stage 1 (%) 9.600 8.600 .178*
Sleep stage 2(%) 51.755 ± 7.248 51.142 ± 8.695 .769†

Sleep stage 3 or 4 (%) 17.893 ± 6.799 20.177 ± 5.871 .172†

Sleep stage REM (%) 19.035 ± 5.457 19.277 ± 6.035 .870†

Phasic episodes (%) 67.80 ± 14.15a 68.12 ± 26.93a .955†

Tonic episodes (%) 15.38b 13.04b .739*
Mixed episodes (%) 16.55 ± 9.87b 12.88 ± 14.54b .260†

*t-test.
†Mann-Whitney test.
P values are for intergroup analysis. Same superscript letters represent lack of statistically significant differ-
ence for intragroup analysis.

Table 5 RMMA Indices in Sleep Bruxers and Non–Sleep Bruxers

Sleep bruxers (n = 29) Non–sleep bruxers (n = 31)

Variable Mean ± SD Median (max, min) Mean ± SD Median (max, min) P

No. of episodes/night 37.72 ± 11.54 36.00 (78.0, 25.0) 12.90 ± 6.48 11.00 (24.0, 3.0) < .001*
No. of episodes/hour 6.40 ± 1.91 7.78 (13.7, 4.2) 2.14 ± 0.99 2.08 (3.8, 0.5) < .001*
No. of bursts/hour 28.39 ± 7.28 28.12 (49.3, 12.2) 8.91 ± 5.33 8.56 (19.4, 1.2) < .001*
No. of bursts/episode 4.55 ± 0.92 4.6 (7.0, 2.6) 3.97 ± 1.24 4.00 (7.3, 1.3) .044*
No. of episodes with 16.14 ± 9.61 17 (32.0, 2.0) 0.0 ± 0.0 0.0 (0.0, 0.0) < .001†

grinding noise
Episodes in stage 1 (%) 16.36 ± 3.57 16.00 (27.00, 11.00)a§ 14.35 ± 8.69 12.50 (30.00, 0.00)a‡ .153†

Episodes in stage 2 (%) 64.52 ± 9.28 66.00 (78, 40) § 67.48 ± 8.60 68.00 (80.00, 55.00)‡ .399†

Episodes in stage 3 or 4 (%) 6.76 ± 3.57 7.00 (13.04, 0.00)b§ 5.96 ± 6.07 5.88 (50.00, 0.00)‡ .544†

Episodes in stage 5 (%) 12.75 ± 8.08 11.00 (37.93, 2.5)ab§ 12.48 ± 7.81 12.00 (46.67, 0.00)a‡ .745†

Same letters represent statistically similar values in intra-group analysis of percentage number of episodes per sleep stage.
*t test (intergroup analysis); †Mann-Whitney test (intergroup analysis); ‡one-way analysis of variance followed by Tukey test (intragroup
analysis); §Kruskal-Wallis 1-way analysis of variance on ranks followed by Dunn test (intragroup analysis).
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of RMMA-SB (Table 6). In addition, no signifi-
cant differences were found for evening (t test, 
P = .487) and morning (Mann-Whitney test, P =
.813) VAS pain intensity between MFP sleep
bruxers and non–sleep bruxers.

Discussion

The prevalence of TMD is much higher in women,
regardless of general population or clinical
settings.40,49 This was very well observed in the
pres-ent study, where the MFP group was 80%
female. Some characteristics of the MFP sample
used in this study are very similar to those previ-
ously described.42,50–52 The mean pain intensity
(VAS, 39 mm) was slightly lower than that
reported by Lobbezoo-Scholte et al52 (52 mm). The
low frequency of articular clicking (23.3%) and the
high levels of frequent headache (86.2%) are also
in agreement with Lobbezoo-Scholte et al,51 who
found that 57% of myogenic TMD patients
reported recurrent headache. The MFP group was
composed predominantly of patients with mild and
moderate pain (90.0%); this was probably a result
of the exclusion of patients with more than 1 diag-
nosis (based on the RDC/TMD) and those with
depression and sleep disturbances. The coexistence
of other TMD problems and/or a major contribu-
tory condition certainly would cause more severe
pain sensation. Stohler2 reported that only a small
percentage of subjects continued to be diagnosed
only with a muscular condition at follow-up exami-
nations after 1 year (23%), 3 years (13.3%), and 5
years (6.7%). Associations between sleep disorders
and pain,53–55 particularly chronic myogenic disor-
ders,56,57 and between chronic myofascial pain and
psychologic disorders, particularly anxiety and
depression, as well as obsessive-compulsive behav-
ior and hostility, have been reported.56

The possible causal relationship between SB and
MFP is still a matter of controversy. An inherent
bias in the SB diagnosis based on self-report or

dental wear,5,58,59 partial sample studies,13,58,60

TMD heterogeneity, and SB variability is a possi-
ble reason. In addition, the lack of evidence of a
causal relationship has been reported by several
authors.20,21,23–35 The results of the present study
show a significant association between RMMA-SB
and MFP. This parameter provides information
only about the role of RMMA-SB as a risk factor
for MFP, and it is not possible to assume any
cause-and-effect relationship. In agreement with
our findings, a significant association between
bruxism and TMD has been reported in the litera-
ture.51,60–67 The prevalence of asymptomatic sub-
jects in the RMMA-SB group (34.5%) agrees with
the findings of Camparis et al68 (30%), and the
proportion of sleep bruxers in the control group
(33.3%) also agrees with Manfredini et al69

(36.2%). The present study found approximately 3
times more episodes per night and episodes per
hour and 1.5 times more bursts/episode in sleep
bruxers than in non–sleep bruxers; this is in agree-
ment with figures reported by Lavigne et al.37

Other authors have found episodes of RMMA pre-
dominantly in the non-REM sleep stage 2,37,70

which agrees with the present data (64.5% and
67.5% of RMMA for sleep bruxers and non–sleep
bruxers, respectively). The predominance of phasic
episodes agrees with Lavigne et al,37 although a
mild discrepancy in the percentages exists between
the studies. This could be attributed to interindi-
vidual variations in the screening of episodes
(about 15%). A novel finding was that asymp-
tomatic sleep bruxers presented a significantly
greater percentage of tonic episodes than MFP
sleep bruxers. 

The OR represents the ratio of the probability of
MFP occurring to the probability that it will not
occur, after exposure to a risk factor—in this case,
SB. The OR value obtained here is similar to those
reported elsewhere for self-report of bruxism and
other signs/symptoms of TMD: difficulty in closing
the mouth (OR 2.84),63 craniofacial pain (OR
1.84),63 orofacial pain (relative risk 1.6),65 articular

Table 6 Comparison of RMMA Indices of MFP Sleep Bruxers (n = 19) Who Reported the
Worst Pain at Morning and Those Who Reported Worst Pain at Other Periods

Morning (n = 11) Other periods (n = 8)

Variable Mean ± SD Max, min Mean ± SD Max, min P*

No. of episodes/night 40.27 ± 14.88 78.0, 25.0 36.13 ± 10.90 52.0, 25.0 .514
No. of episodes/h 6.67 ± 2.59 13.7, 4.4 6.26 ± 1.67 8.9, 4.2 .703
No. of bursts/h 30.39 ± 7.98 49.3, 20.6 29.47 ± 6.35 36.8, 21.6 .790
No. of bursts/episode 4.81 ± 0.96 6.3, 2.6 4.81 ± 0.99 7.04, 4.09 .988
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sounds (ORs of 1.6463 and 3.367), and
stiffness/locking (relative risk 2.7).65 According to a
scale of magnitudes for effect statistics,71 OR values
below 3.5 represent a small effect of a risk factor
(in this case, RMMA-SB) in the occurrence of a dis-
ease (in this case, MFP). 

Although most sleep bruxers had indicated the
morning as the period of worst pain, there was not
a significant association between these variables.
Moreover, the lack of difference in RMMA indices
between sleep bruxers who reported the morning as
the period of worst pain and those who did not sup-
ports the lack of association between these vari-
ables. Van Selms et al72 reported no influence of
nocturnal masticatory muscle activity on the
reported morning jaw muscle pain in a single case
study of a 53-year-old woman with clinical evidence
of SB during a period of 13 weeks. Some PSG-con-
trolled studies on the relationship between bruxism
and masticatory muscle pain suggest that mastica-
tory muscle pain is associated with a decrease rather
than an increase in RMMA.22,73 However, the pres-
ent study only examined motor activity in relation
to pain in MFP TMD patients. This may be differ-
ent from those studies22,37 that assessed pain in clin-
ically recognized sleep bruxers. Yet the diagnostic
criteria of pain were not the same as used in the pre-
sent study. The sample of one study22 was com-
posed of subjects who were aware of signs or symp-
toms of sleep oromotor activity and who were
divided into a group with clinical pain complaints
(report of jaw stiffness, tightness, and muscle pain
or soreness in the mornings) and a group without
pain. The other study73 assessed a sample of
patients with a chief complaint of SB and reports of
concomitant nonmyofascial jaw muscle pain. These
methodologic distinctions make comparison with
the present findings difficult.

The higher values of chi-square and ORs  found
between reports of daytime clenching and MFP
than between RMMA-SB and MFP are in accor-
dance with the findings of van Selms et al,72 who
observed that evening jaw muscle pain could be
explained by variations in daytime clenching but
that variations in morning jaw muscle pain could
not be explained by fluctuations in SB as estab-
lished by EMG recordings. Hence, as assumed by
these authors,72 the causal relationship between
nocturnal bruxism and jaw muscle pain in the
morning is less obvious than previously assumed.
In accordance with such observations, the ORs for
daytime clenching obtained in the present study
(12.0) are considered large, according to the mag-
nitude scale of Cohen.74 In addition, the chi-square
value (14.29, P < .001) and the multiple logistic

regression model (P < .001) point to daytime
clenching as a more representative risk factor for
MFP than RMMA-SB ( = .006). Perhaps because
daytime clenching was dichotomously assessed in
our sample, while van Selms et al carried out their
assessment with the aid of a 5-point scale, and
because of the small sample size (MFP sleep brux-
ers and non–sleep bruxers), differences in evening
VAS values between those who reported daytime
clenching and those who did not were not found.
Yet daytime clenching was not assessed objectively
and is susceptible to bias inherent in self-reports.
Because the evaluation of daytime clenching activ-
ity was not the major aim of this study, the sample
size, sample distribution, and the method of assess-
ment of this parafunctional activity constitute limi-
tations in the interpretation of the results. These
aspects should be considered in further analyses.

The present cross-sectional study supports the
model that RMMA during sleep is associated with
MFP and constitutes a risk factor (although small)
for MFP. Daytime clenching may represent a sig-
nificant risk factor for MFP.
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