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Structured Abstract

Objective — To determine differences in masticatory muscle usage
between temporomandibular joint disorders diagnostic groups.

Setting and sample population — Seventy-one informed and consented
subjects (27 men; 44 women) participated at the University at Buffalo.
Material and methods — Research diagnostic criteria and imaging data were
used to categorize subjects according to the presence/absence (+/—) of TMJ
disc placement (DD) and chronic pain (P) (+DD+P, n = 18; +DD—P, n = 14;
—DD—P, n = 39). Electromyographic (EMG)/bite-force calibrations determined
subject-specific masseter and temporalis muscle activities per 20 N bite-force
(Toon, 1V). Over 3 days and nights, subjects collected EMG recordings. Duty
factors (DFs, % of recording time) were determined based on threshold inter-
vals (5-9, 10-24, 2549, 50-79, >80% Taon). ANOvA and Tukey—Kramer post hoc
tests identified 1) diagnostic group differences in Toon and 2) the effects of
diagnostic group, gender, time and interval on muscle DFs.

Results — Mean (£ SE) temporalis Toon in +DD+P subjects was signifi-
cantly higher (71.4 + 8.8 pV) than masseter T,y in these subjects

(19.6 + 8.8 pV; p =0.001) and in —DD—P subjects (25.3 + 6.0 pV,

p = 0.0007). Masseter DFs at 5-9% Tyon Were significantly higher in
+DD—P women (8.48%) than +DD—P men (0.85%) and women and men
in both other diagnostic groups (all p < 0.03), and in +DD+P women
(2.00%) compared to —DD—P men (0.83%; p = 0.029). Night-time DFs at
5-9% Toon in +DD—P women (1.97%) were significantly higher than in
—DD—P men (0.47%) and women (0.24%; all p < 0.01).

Conclusions — Between-group differences were found in masticatory
muscle activities in both laboratory and natural environmental settings.

Key words: ambulatory; duty factor; electromyographic; masticatory
muscle; temporomandibular joint disorder



Introduction

The likelihood of developing degenerative joint
disease of the temporomandibular joint (TM]) is
related to the integrity of the TMJ disc (1). Disc
dysfunction occurs in approximately 30% of
patients with temporomandibular joint disorders
(TMJD) (2, 3). The mean age of onset of degen-
erative changes in the TMJ is between 25 and
35 years (4-7), which is a decade earlier than in
post-cranial joints (8, 9).

The aetiology of TMJ disc failure and factors
that promote the development of degenerative
joint disease have yet to be elucidated. Articular
tissue failure in synovial joints is thought to
involve mechanical fatigue and, thus, be depen-
dent on magnitudes and frequencies of applied
mechanical stress (10, 11). Why destruction of
the articular tissues occurs earlier in the TM]J
compared to knees and hips likely reflects the
influence of these variables (12, 13). However,
how much and how often mandibular loading
occurs during the day and night in natural set-
tings have so far rarely been documented. To
date, the most comprehensive data describing
the muscle behaviours which affect magnitudes
of TMJ loads have been reported for masseter
muscle activities recorded during polysomno-
graphic monitoring of female subjects with and
without myofascial pain (14, 15). Contrary to
conventional wisdom and self-reports of signifi-
cantly higher rates of sleep bruxism in subjects
with myofascial pain compared to healthy con-
trols, night-time laboratory recordings showed
neither group exhibited high-threshold masseter
activities characteristic of bruxism (15). How-
ever, subjects with myofascial pain showed sig-
nificantly higher ‘background’ masseter muscle
activities, not attributable to bruxism or other
identifiable orofacial functions, compared to
demographically matched controls (14). In addi-
tion, this background muscle activity was associ-
ated with higher reported pain before or after
sleep in the myofascial pain group. The authors
posit that persistent low-magnitude activity in
the masticatory muscles may be a mechanism of
induction and/or maintenance of TMJD symp-
toms.
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To understand better why the TM] is suscepti-
ble to early degenerative changes compared to
post-cranial joints, gaps in knowledge about the
magnitude and frequency of jaw loading behav-
iours should be addressed. For example, to date,
there are no known comparisons of frequencies
of mandibular loading via the masseter and tem-
poralis muscles during the day and night in
diagnostic groups with and without TMJD. This
study aimed to address the knowledge gap by
testing the hypothesis that there were differences
amongst two groups with TMJD and a healthy
group without TMJD in jaw loading behaviours,
specifically: muscle activations to produce the
same bite-force and percentages of time of mus-
cle use in the subjects’ natural environments.

Materials and methods

Subjects

Seventy-one subjects (male n =27; female
n = 44) gave informed consent to participate in
this pilot study. Subjects were recruited at the
University at Buffalo School of Dental Medi-
cine. Study protocols were approved by Institu-
tional Review Boards at both University at
Buffalo and University of Missouri-Kansas City.
Inclusion and classification of subjects were
based on research diagnostic criteria for the
T™] (RDC/TMJ) (16) and magnetic resonance
(MR) and cone-beam computed tomography
(CBCT) images of the TMJs (2). Individuals
were excluded from participating if they were
pregnant, had a diagnosed systemic musculo-
skeletal or rheumatological disease such as
fibromyalgia or muscular atrophy or had TM]J-
degenerative disease based on CBCT imaging.
As well, subjects were not allowed to partici-
pate if they had multiple missing teeth, large
dental restorations, or fixed orthodontic appli-
ances. Participants included 14 subjects with
bilateral disc displacement, but without TMD
pain (+DD—-P, 3 men, 11 women, average age
36 + 10 years); 18 subjects with bilateral disc
displacement and chronic myofascial and/or
TMJ pain (+DD+P, 2 men, 16 women, average
age 36 £ 14 years); and 39 healthy control sub-
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jects (-DD—P, 22 men, 17 women, average age
31 + 10 years).

Laboratory calibrations

Characterization of ambulatory muscle behaviour
was accomplished by determining masseter and
temporalis duty factors (DFs) (17, 18). DF repre-
sented the amount of time each muscle was acti-
vated at specific magnitudes during a given time
period (%). To standardize the analysis amongst
subjects, right masseter and temporalis electro-
myographic activities (root mean square EMG,
uV) were calibrated relative to bite-force (N). Cal-
ibration data consisted of a set of static and
dynamic molar bites of light to moderate magni-
tudes on a previously described custom bite-
force transducer (19) performed on one side at a
time. Five static bites on the right and then the
left sides each lasted about 5 s, with approxi-

Dynamic bites on the right and then the left sides
were performed at each of four frequencies: 0.5,
1, 1.5 and 2 Hz, with approximately 10 s rest
between frequencies (Fig. 1B), by following an
auditory signal from a digital metronome (Tem-
poPerfect; NCH Software Inc., Greenwood Vil-
lage, CO, USA). The centroids of the right and left
masseter and anterior temporalis muscles were
determined by palpation, the skin overlying
cleaned with isopropyl alcohol, and then self-
adhering bipolar surface electrodes (Ambu Neur-
oline 720; Ambu A/S, Olstykke, Denmark) were
affixed. Similarly, a single electrode was affixed to
the right mastoid process as a ground. Electrical
signals from each muscle were amplified and fil-
tered (10 P511 AC Grass Preamplifiers; Astro-
Med, West Warwick, RI, USA). These muscle
activities and bite-forces were tape-recorded
(Sony PC-216A 16 Channel Recorder; Spectris
Technologies Inc., Norcross, GA, USA), digitized

mately 5s of rest between bites (Fig. 1A). at 1000 Hz/channel using commercial software
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Fig. 1. Left masseter and temporalis and right masseter and temporalis muscle electromyographic (EMG) (Rows 1-4, respectively,
of each graph) during (A) static and (B) dynamic biting (row 5 of each graph shows bite-forces) on the left first molar of one sub-
ject during one laboratory visit. For each subject, side of biting and visit, root mean square muscle activities (uV) vs. bite-force
(N) were plotted; for example: (C) right masseter and (D) right temporalis muscles, where EMG,oy indicates activity associated

with a 20 N bite-force for the particular muscle.
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(PCScan II; Sony Precision Technology American
Inc., Lake Forest, CA, USA), and then analysed
using custom-written computer programs (Mat-
Lab; MathWorks, Natick, MA, USA). Muscle activ-
itles (RMS EMG, mV) during the static and
dynamic biting tasks were plotted vs. bite-force,
and four separate linear regressions were fit to
the masseter and temporalis data for biting on
the right and left molars (Excel; MicroSoft, Inc.,
Redmond, WA, USA). During a second laboratory
visit, the calibration protocol was repeated.

The resultant eight muscle activity vs. bite-force
regressions from the two sides of biting and two
visits for the same subject and muscle were aver-
aged and used to estimate overall mean masseter
and temporalis muscle activities required to pro-
duce a threshold bite-force of 20 N (Tyon, mV).
The purposes of establishing muscle- and sub-
ject-specific Ton were twofold. Firstly, this facili-
tated investigating whether there were muscle
and diagnostic group differences in activities to
produce a standardized bite-force. Secondly, the
T,on threshold data enabled comparing DFs due
to different magnitudes of ambulatory muscle
activities amongst diagnostic groups.

Ambulatory recording

During the first laboratory visit, subjects were
trained in how to use the portable recording
equipment. Custom portable EMG recorders
were used for field recording of muscle activities
(Fig. 2A) via surface electrodes. Signals were
band-pass-filtered (20-1000 Hz) and amplified
(5000x) digitally (DISA 15C 01; Disa Elektronik,
Skovlunde, Denmark) using an input impedance
of 250 MQ, noise level of 0.7 uV, and common
mode rejection ratio of 100 dB. Following train-
ing, each subject was able to use the portable
EMG recorder to log muscle behaviour over
three daytime and three night-time periods, each
of at least 5 h duration. To accomplish this, sub-
jects prepared the skin on one side of the face
and behind one ear, then applied adherent pre-
gelled disposable surface EMG electrodes (Alpine
Biomed, Tonsbakken, Denmark) in pairs over
the masseter and temporalis muscles and singly
(as a ground) over the mastoid process (Fig. 2A).
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Fig. 2. (A) Custom portable electromyographic (EMG)
recorders like the one shown were used by subjects in their
natural environments during the day and night. Subjects
were trained to apply surface electrodes in pairs over (a)
temporalis and (b) masseter muscles, and singly (as a
ground) over the (c) mastoid process and to use (d) recorder.
(B) Example set of three day- and three night-time recordings
from one subject.

Subjects followed training to start and stop the
recorder, to remove the data storage chip at the
end of a recording period and replace with a
new one to begin the next recording period.
Subjects kept a diary to note any usual or unu-
sual events during the six recording periods
(Fig. 2B) and returned equipment and data at
the second laboratory visit.

Data analysis and statistics

The objective of recording and analysing masse-
ter and temporalis muscle behaviours in subjects
was to quantify the effect of intensity of loading

of the mandible (%T»gyN, uV) on muscle DFs (%).
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Ambulatory EMG signals were recorded at
2000 samples/s/channel. Commercial software
(WavePad Sound Editor Master Edition, Green-
wood Village, CO, USA) was used to filter low-
level noise. Custom computer programs (MatLab
7.9 R2009b; MathWorks) were used to process
masseter and temporalis muscle activities over
contiguous 128 ms time-windows and express
results as RMS values (uV). Software automati-
cally processed data in each 128 ms time-win-
dow using subject- and muscle-specific
threshold intervals: 5-9, 10-24, 25-49, 50-79 and
>80% Tron. The number of windows meeting
each inclusion criteria was added, and DF for
each of the threshold intervals was calculated
according to the equation:

DF — (#Windows)128 ms
- Total Recording Time'

anova and Tukey-Kramer post hoc tests were
used to compare the effects of muscle and diag-
nostic group on T,y activities measured in the
laboratory plus the combined effects of diagnos-
tic group, gender, time (day or night), and
threshold interval (%T,¢n) On masseter and tem-
poralis muscle DFs measured in the field.

Results

Differences in T,on muscle activities

Subjects with +DD+P used significantly higher
(mean + SE) temporalis (71.4 + 8.8 uV) com-
pared to masseter (19.6 + 8.8 pV) muscle activi-
ties to produce 20 N bite-forces (Ton; p = 0.001,
Fig. 3). There were no significant differences
between masseter and temporalis Tygny within
other diagnostic groups. The mean temporalis
Toon in +DD+P subjects was also significantly
higher than mean masseter 1oy in —DD—P sub-
jects (25.3 + 6.0 uV, p = 0.0007, Fig. 3). Based on
the current results, a power analysis showed that
by approximately doubling the number of sub-
jects, significant temporalis T,gy differences
could be expected between +DD+P and +DD-P
groups (Table 1).
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Fig. 3. Least-square means (LSM =+ SE, pV) of muscle activi-
ties for 20N bite-force (Tpon) for diagnostic groups
(+DD = bilateral disc displacement, +P = chronic jaw muscle
and/or joint pain) and muscle (Masseter, Temporalis), where
all p = Tukey—Kramer adjusted values.

Diagnostic group differences in muscle duty factors

Subjects produced 401 ambulatory EMG record-
ings, with average durations of 6.7 and 7.6 h for
awake and night recordings, respectively. For
the range of threshold intervals (%7T»oy) investi-
gated, DFs tended to be highest for 5-9% TN
and decrease as threshold intervals increased to
>80% T»on for both muscles (Fig. 4 shows exam-
ple data for masseter muscle). In general, DFs
were larger for the masseter compared to the
temporalis muscle and for women compared to
men (Table 2). In particular, at the lowest
threshold interval (5-9% T»on), female subjects
in the +DD—-P, +DD+P and —DD-P groups used
their masseter muscles 3.48, 2.00 and 1.19%,
respectively, of ambulatory recording time,
whereas male subjects in these groups used
their masseter muscles 0.85, 0.35 and 0.83%,
respectively, of ambulatory recording time
(Table 2, Fig. 4). These masseter DFs at 5-9%
Toon Wwhere significantly higher for +DD-P
women compared to +DD—P men and com-
pared to women and men in both other diag-
nostic groups (Fig. 5, all p <0.03), and for
+DD+P women compared to healthy men
(p = 0.029). No other gender-diagnostic group
combinations had significantly different DFs for
either masseter or temporalis muscles at the
higher threshold intervals.
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Table 1. Least square mean differences (ALSM) and variance (+ SE) for combined effects of muscle and diagnostic group
(n = 68) showing results of anova (T, p values), Tukey-Kramer post hoc tests (T-K pagjusted) and power analyses (using

o = 0.05, p = 0.80; N = total sample size)

Combined effects Power
(Muscle*diagnostic groups) ALSM + SE p T-K Padjusted analysis (N)
Masseter*+DD+P*+DD—P —19.1 + 134 —1.43 0.158 0.710 510
Masseter*+DD+P*—-DD—P -5.7 £ 10.7 —0.54 0.593 0.994 5540
Masseter*+DD—P*—-DD—P 13.3 £ 11.7 1.14 0.258 0.862 1030
Temporalis*+DD+P*+DD—P 349 +£ 134 2.62 0.011 0.106 156
Temporalis*+DD+P*—DD—P 259 £ 10.7 2.43 0.018 0.161 276
Temporalis*+DD—P*—-DD—P -91+ 117 —0.78 0.441 0.971 2230
A 4.0 other gender-diagnostic group combinations
_ 35- Females: showed night-time DFs were 50-84% less than
i/ 20 -@ +DD+P daytime DFs (Fig. 6). Furthermore, night-time
B -@- +DD-P DFs were significantly higher in +DD—P women
z 257 ©- -DD-P compared to healthy women (0.24%) and men
‘;_’3 201 (0.47%) (Fig. 6, all p < 0.01).
? 1.5
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Fig. 4. Masseter muscle duty factors (DFs) in (A) women and
(B) men where data from daytime and night-time recordings
were pooled by diagnostic group (+DD = bilateral disc dis-
placement, +P = chronic myofascial and/or temporomandib-
ular joint pain) and least-square means calculated. Vertical
bars show standard errors about the means.

When DFs (combined for masseter and tempo-
ralis muscles) at 5-9% T,on were compared for
day- and night-time recording periods, only
+DD—P women showed similar results (2.02 and
1.97%, respectively) for both periods (Fig. 6). All

repeated standardized laboratory tasks were
used to normalize and calibrate each subject’s
ambulatory EMG data collected in the field
during the day and night. The pilot results
showed that during the standardized tasks,
subjects from three different diagnostic groups
used their temporalis and masseter muscles
differently. More specifically, +DD+P subjects
used their temporalis muscles significantly
more than their masseter muscles and signifi-
cantly more than healthy subjects used their
masseter muscles. In addition, the analysis of
DFs showed that female +DD—P subjects used
their masseter muscles at low levels of activa-
tion (5-9% T,on) significantly more than men
in the same group and women and men in the
other two diagnostic groups. The female
+DD—P subjects were also distinguished from
healthy women and men by their significantly
higher night-time use of masseter muscles at
low levels of activation.

The intra- and intergroup differences in how
temporalis and masseter muscles were used
during standardized laboratory tasks may
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Table 2. Maximum duty factors (mean + SE) for women and men in each diagnostic group (+DD = bilateral disc displace-
ment, +P = chronic jaw muscle and/or joint pain) for muscle electromyographic threshold intervals relative to production of a
20 N bite-force (% Ton)

Maximum duty factor

Diagnostic group Gender Muscle (%, mean + SE) % Toon
+DD+P Female Masseter 2.00 + 0.21 5-9
+DD+P Male Masseter 0.35 +£ 0.52 5-9
+DD+P Female Temporalis 0.70 £ 0.21 10-24
+DD+P Male Temporalis 0.21 + 0.52 5-9
+DD—-P Female Masseter 3.48 +£ 0.27 5-9
+DD—-P Male Masseter 0.85 £ 0.45 5-9
+DD—-P Female Temporalis 0.52 +£ 0.27 5-9
+DD—-P Male Temporalis 0.84 £ 0.45 59
-DD-P Female Masseter 1.19 £ 0.19 59
—-DD-P Male Masseter 0.83 + 0.18 5-9
-DD-P Female Temporalis 0.52 + 0.19 5-9
-DD-P Male Temporalis 0.74 +£ 0.18 5-9
P =0.029 2.5+ P =0.008
T P < 0.0001 ! ’ " P =0.0004 '
4.0 P=0021 ! P < 0.0001 ! [CJAwake
! P=0.0002 " P=0.0012 ! Night
— 204 OONigl
- 3
& 3.04 [IFemale g
s [Omale g 1.5 1 +
Qo ~—
£ >
> 3
5 20- 2 1o]
:
ﬁ =
S 1.0+ 0.5+
o {_‘
0 +DD+P  +DD-P  -DD-P  +DD+P  +DD-P  -DD-P
+DD+P +DD-P -DD-P
Diagnostic group Female Male

Fig. 5. Gender and diagnostic group (+DD = bilateral disc
displacement, +P = chronic myofascial and/or temporoman-
dibular joint pain) differences in masseter duty factors (DFs)
(day- and night-time results combined) at 5-9% T,on. tDD—P
women showed masseter DFs that were significantly higher
than those in +DD—P men and in women and men in all
other diagnostic groups (all p = Tukey-Kramer adjusted
values).

reflect central nervous system reorganization of
muscle recruitment patterns to produce a bite-
force, as hypothesized by the integrated pain
adaptation model (20), where individuals are
expected to alter neuromuscular organization
of the jaw muscles because of pain. Additional
indirect support for this hypothesis can be
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Gender and diagnostic group

Fig. 6. Gender and diagnostic group (+DD = bilateral disc
displacement, +P = chronic myofascial and/or temporoman-
dibular joint pain) differences in duty factors (masseter and
temporalis muscles combined) during day- and night-time
recordings at 5-9% T,on. Night-time DFs were significantly
higher in +DD—P women compared to —DD—P women and
men (all p = Tukey—Kramer adjusted values).

found; for example, right-left differences in
muscle organization during incisor biting were
more frequent in subjects with pain (40%)
compared to control (11%) subjects (21). It
may be possible to test further the integrated
pain adaptation model by increasing the num-
ber of subjects. As indicated by the power



analysis on the current data (Table 1), doubling
the number of subjects is expected to show
significant differences in temporalis Ty
between +DD+P and +DD-P subjects, thus,
potentially demonstrating differences in tempo-
ralis muscle use during biting in subjects with
pain.

The laboratory data used to analyse ambula-
tory EMG recordings were individual-specific
and based on a threshold of EMG activities used
to produce a 20 N bite-force (T,n). This is a rel-
atively low magnitude of jaw loading force,
expected to be commonly used during ordinary
jaw functions. Ambulatory EMG data were, thus,
analysed using T»on to estimate muscle DFs for
a range of threshold intervals, representing
applied jaw loads ranging from >1 to >16 N. For
the range investigated, maximum DFs generally
occurred at 5-9% T,on (Table 2), where jaw loads
were approximately 2 N.

Overall, masseter DFs were higher than tem-
poralis DFs. Female +DD—P subjects showed the
highest masseter DFs, which were 3.48% at the
lowest threshold interval (5-9% T,on; Fig. 4A).
This equates to approximately 15 min of cumu-
lative masseter muscle activity over a 7-h record-
ing period. Note that at the highest threshold
interval (>80% T,on), maximum cumulative mas-
seter muscle activity over a 7-h period was
0.02%, or <1 min (Fig. 4A). At 5-9% Tyon,
+DD—P women had masseter DFs that were 1.7
times higher than +DD+P women, and on aver-
age 3.6 times that seen in women and men in
the —DD—P group. Another distinguishing fea-
ture of the female +DD—P subjects is that jaw
loading via masseter and temporalis muscle
activities at low levels (5-9% T»on) occurred at
the similar levels during the night and during
the day, approximately 8 min per 7-h period,
and this night-time muscle activity was signifi-
cantly higher than in +DD+P women, and both
women and men in the —DD—P group. Due to
the low number of men in the +DD+P (n = 2)
and +DD—P (n = 3) groups in this pilot study, it
remains to be determined whether there are
similar patterns of masseter and temporalis
muscle activities amongst men and within diag-
nostic group gender differences in DFs.

Iwasaki et al. Masticatory muscle activity in TMD diagnostic groups

The interesting current finding of significantly
different night-time DFs amongst women in the
three diagnostic groups and —DD—P men, where
there was significantly higher low-level jaw load-
ing at night in +DD—P women, could be consis-
tent with a fatigue model of TM]J disc failure.
That is, the overuse of the jaw muscles, without
inhibiting stimuli caused by pain, could at least
partly explain relatively early failure of the TM]J
disc leading to +DD in these subjects. It is
important to note that contrary to prevailing
expectations but in keeping with recently
reported polysomnography data (14, 15), the
magnitudes of night-time jaw loads were incon-
sistent with bruxism and clenching. Instead, the
ambulatory EMG data collected in subjects’ nat-
ural environments suggest the predominant jaw
loading activities were in the range of 2 N, simi-
lar to low-magnitude tooth contact (22). What
then explains fatigue of the TMJ disc in +DD+P
women? Masseter DFs in this group were lower
than +DD—P women but were 1.7 times and 2.4
times higher compared to healthy women and
men, respectively. Consideration of other vari-
ables contributing to fatigue failure may be in
order; for example, TMJ energy densities (ED)
may be an even more important factor, as sup-
ported by recent findings (23). That is, mean ED
for a 20 N load on the mandibular canine in
+DD+P subjects was 12.7 mJ/mm? and signifi-
cantly higher compared to 7.4 and 5.8 mJ/mm?®
in +DD-P and —DD-P groups, respectively. As
an estimation, chronic loading of the mandible
in +DD subjects is likely <10% of a 20 N load
(reflecting 5-9% Toon). If DF and EDs are
approximately equivalent in determining rate of
cartilage fatigue, a simple product of the ED and
DF variables results in total energy inputs per
volume of cartilage of 1.5, 1.6 and 0.6 mJ/mm?
in the +DD-P, +DD+P and —DD-P groups,
respectively. Thus, the estimated cumulative
work per cartilage volume is roughly the same
between the two +DD groups, but 2.6 times
higher compared to control subjects.

Limitations of this pilot study should be
addressed in future studies and include: rela-
tively small and unequal numbers of subjects in
diagnostic and gender groups; 3 day- and night-
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time recordings may not be sufficient to mini-
mize effects of accommodation to the portable
equipment; cross-talk from nearby muscles
were not investigated; and biting tasks were
used to interpret ambulatory EMG where other
jaw loading activities were possible and likely.
Furthermore, bilateral DD was an inclusion cri-
teria for +DD subjects, whereas asymmetric
conditions may be important to investigate in
future.

Conclusions

This pilot study showed differences amongst two
groups with TMD and a healthy group without
TMD in jaw loading behaviours. Specifically, for
the same 20 N bite-force, temporalis muscle
activities in +DD+P subjects were significantly
higher than their masseter muscle activities and
masseter activities in —DD—P subjects. In sub-
jects’ natural environment, +DD—P women used
their temporalis and masseter muscles at low
levels for a significantly greater percentage of
time compared to +DD+P women and women
and men in —DD-P group. Significantly more
night-time masseter muscle activities at low
levels of jaw loading in the +DD—P women
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