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Abstract
Aim and background: The objective of this study was to determine if duty
factors (DF) of low-magnitude MMA during awake and sleep periods were
associated with self-reports of anxiety, depression, and somatic symptoms, and
if so, whether or not any associations were modified by gender or the presence
of pain. Limited information is currently available in the literature regarding
the association of low-magnitude masseter muscle activities (MMA) in habitual
environmental settings and the presence of psychological symptoms.
Materials and Methods: Sixty-eight consenting participants were classified
using the Diagnostic Criteria for Temporomandibular Disorders examination and
validated self-reporting psychological symptom evaluation questionnaires. Each
subject also had masseter electromyography recordings during standardized
biting tasks in 2 laboratory sessions to calibrate the in-field MMA collected
during 3 awake and 3 sleep periods.

Results: During awake periods, subjects with self-reported depression and
somatic symptoms had statistically high odds of having higher DF of lowmagnitude MMA (defined by ≥ 75th percentile of sample). The association
between high DF of low-magnitude MMA and self-reported depression symptoms
was significantly augmented among male participants, whereas, the association
between high DF of low-magnitude MMA and self-reported somatic symptoms
was significantly increased among female participants without pain.
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Introduction

Functional and non-functional jaw use during awake and
sleep periods requires masticatory muscle activation that can
be characterized using electromyography (EMG) according to
the magnitude and duration of muscle activities expended [1].
During non-fatiguing situations when applied force directions
are consistent, magnitudes of masticatory muscle activities
recorded via EMG are linearly related to the occlusal forces
produced [2] and these relations are repeatable [3]. High
duration or frequency of masticatory muscle activity, at any
magnitude, is considered to be a risk factor for dental attrition,
hypersensitivity of teeth, breakage of restorations, tooth
fracture, periodontal diseases [4], and temporomandibular
disorders (TMD) [4-6]. The etiological concept of masticatory
Submit Manuscript | http://medcraveonline.com

muscle activity has undergone a conceptual shift over time
from peripheral (i.e. occlusal) to central (i.e. anxiety) regulation.
Studies on jaw use resulting in high masticatory muscle activities
have suggested that the presence of psychological factors, such
as anxiety, depression, and somatic symptoms may play a role
[7-10]. However, the reported data have been inconsistent [7].
This inconsistency may be due to variable criteria being used to
characterize the activity of masticatory muscles or the presence
of psychological symptoms, and inclusion of confounding factors
such as gender, age, and the presence of pain [7-9]. Furthermore,
limited research is available regarding the magnitude, duration,
and frequency of masticatory muscle activities recorded outside
of laboratory settings in peoples’ habitual environments. Recent
research has indicated that jaw use involving low magnitudes
of masticatory muscle activities may be associated with the
presence of pain in the orofacial region [11-14]. This is in
contrast to most past observational studies, which have focused
on high magnitudes of masticatory muscle activities associated
with clenching or bruxing with large occlusal forces. Limited data
are available on the etiology of low magnitudes of masticatory
muscle activities.
J Dent Health Oral Disord Ther, 2(1): 00039

Association of Masseter Muscle Activities during Awake and Sleep Periods with SelfReported Anxiety, Depression, and Somatic Symptoms

The aims of this pilot study were to determine if masseter
muscle activities performed at low magnitudes during awake
and sleep periods in participants were associated with selfreports of anxiety, depression, and physical symptoms, and if
so, whether or not any associations were modified by gender or
presence of orofacial pain, such as pain-related TMD. A calibrated
ambulatory EMG monitoring system [15] was used to measure
the awake and sleep time-period masseter muscle activities.
Validated self-report questionnaires were used to record the
presence of psychological symptoms [16-18], and a standardized
Diagnostic Criteria for Temporomandibular Disorders (DC-TMD)
examination protocol was used to classify subjects [19].

Materials and Methods
Study participants

The study was approved by the Health Sciences Institutional
Review Boards of the State University of New York at Buffalo
and University of Missouri-Kansas City. Informed consent was
obtained from each participant. All participants were recruited
at the University at Buffalo, School of Dental Medicine in
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response to community advertisements. Participants were
healthy males and females with intact dentitions, who were
able to read or follow tasks associated with the laboratory and
field recordings. Participants, who reported to be pregnant, had
any musculoskeletal disease, such as fibromyalgia, muscular
atrophy, or arthritis, and who exhibited gross asymmetries in
craniomandibular anatomy as determined by examination were
excluded.

Study appointments

A summary of the study appointments is provided in
(Figure 1). At the initial visit, an examiner explained the study,
obtained informed consent, reviewed the participant’s medical
history, and performed a screening clinical examination to test
inclusion and exclusion criteria. At a subsequent visit, those
who met the inclusion criteria underwent the standardized DCTMD examination protocol and completed the DC/TMD Axis
II forms: Generalized Anxiety Disorders 7-item scale (GAD 7),
Patient Health Questionnaire-9 (PHQ-9), and Patient Health
Questionnaire-15 (PHQ 15) [20].

Figure 1: Summary of the study appointments.

Participants eligible for the study then presented for 2
laboratory sessions during which bilateral surface EMG from
masseter muscles and bite-forces were recorded during
standardized molar biting tasks on each of their right and left
sides. These laboratory data were used to calibrate ambulatory
masseter EMG for individual subjects recorded in the field.
In addition, during the time between the 2 laboratory visits
participants recorded unilateral ambulatory EMG of masseter

muscle. In order to make EMG recordings reliable, participants
were trained to use portable EMG recorders and surface
electrodes on one side of the face during the first laboratory
visit. Similarly, in the second laboratory visit, participants
underwent assessment for the use of portable EMG recorders
and application of surface electrodes. In-field EMG data and
equipment were returned at the second laboratory visit.
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Equipment and methods
Laboratory recordings during standardized biting tasks for
calibration: For laboratory EMG recordings, bipolar surface
electrodes, amplifiers, and a digital recording system were used
as previously described [3]. In brief, the superficial masseter
muscles were palpated during tooth-clenching and then, the skin
over the main belly of each of the right and left muscles and behind
the right ear was cleaned with isopropyl alcohol wipes (Kendall
WebcolTM, Tyco Healthcare group LP, Mansfield, MA, USA).
Self-adhesive surface electrodes pre-loaded with conducting
gel (Neurology 720 00-S, Ambu, Sphereerup, Denmark) were
applied in pairs to the masseter muscles’ centroids bilaterally
and singly, as a ground, over the right mastoid process. EMG
signals were amplified (10 P511 AC Grass Preamplifiers®, AstroMed Inc., West Warwick RI), filtered (high pass: 0.03 kHz and low
pass: 3.0 kHz), sampled at 2000 samples/s/channel, and viewed
and stored on tape using commercial software (PC Scan MKII
PCIF250NI, Sony Magnescale America Inc., Farmington Hill, MI).
Custom bite-force transducers (Figure 2) as described previously
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were used [21]. In brief, these were made of electrically resistant
film (Flexforce, Tekscan Inc., Boston, MA) attached to a stainless
steel half-sphere bolus with wire handle and sandwiched by
acrylic (Triad, TruTray, Denstply Inc., York, PA), then wrapped
with clean, clear plastic film. Each transducer was pre-calibrated
so the electrical output (V), recorded simultaneously with the
masseter EMG, could be converted into units of force, Newton
(N). The same standardized static and dynamic biting tasks were
performed by each subject at each of 2 laboratory visits while
an investigator held the bite-force transducer between the first
molars and EMG and force outputs were recorded. Subjects were
instructed to use light to medium bite-forces of their own accord
and were not provided visual or other feedback. For each of 5
static bites per side and visit, the subject delivered a relatively
steady bite-force for about 3 s with a rest in between bites. For
dynamic bites on each side at each visit, subjects followed a
digital metronome signal set at 4 frequencies (0.5, 1, 1.5 and 2.0
Hz) and at each frequency provided at least 5 bites of varied lowmedium magnitudes.

Figure 2: Bite-force transducer.

Figure 2A: Bite-force transducer consisting of acrylic biting surfaces sandwiching.

Figure 2B: Sensor film (Tekscan Flexiforce®, Tekscan Inc., South Boston, MA, USA) attached to a wire handle. Sensor film is soldered to
connector wires, which are plastic-coated and plugged into.
Figure 2C: An amplifier, which is then connected to a tape recorder for data collection.

Ambulatory EMG of masseter muscles: For in-field EMG
recordings, participants used portable EMG equipment (Figure
3) and supplies as instructed verbally and via an illustrated
manual, to capture unilateral masseter muscle activities during
both functional and non-functional jaw movements. Subjects
chose side of recording, and recorded on the same side for total
periods of at least 6 hours for each of 3 days (awake period)
and 3 nights (sleep period). Methods for palpating the centroid
of the masseter muscle, preparing overlying skin surfaces, and
applying in-field EMG surface electrodes (Pre-Gelled Disposable

Surface Electrode, Alpine Biomed Corp., Fountain Valley, CA,
USA) were the same as used for the laboratory EMG recordings.
The in-field surface electrode signals were band pass filtered
(20-1000 Hz) and amplified (5000x) by means of the portable
device with the digital amplifier having an input impedance of
250 MΩ, noise level of 0.7 µV, and common mode rejection ratio
of 100 dB. In-field EMG signals were collected using data storage
cards (512 MB MMC Mobile Multimedia Flash Memory Card,
Pretec Electronics Corp., Taipei, Taiwan).
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Editor, Masters Edition, Out Browse LTD, Bialik, Israel) and any
remaining signal noise was identified and excluded. Then taskdefiners were applied to calculate DF for the defined thresholds
using customized software (MATLAB, The MathWorks, Inc.,
Natick, MA).
Categories of low-magnitude MMA: To differentiate between
participants with relatively prolong and shorten low-grade
masticatory muscle activity, a cutoff of 75th percentile was
chosen, as it is a commonly reported statistic in the literature. For
awake time-period, Group A consisted of individuals with overall
DFs at or above 75th percentile whereas Group B contained
residual participants. Similarly, for sleep time-period, Group
A` consisted of individuals with overall DFs at or above 75th
percentile whereas Group B` contained remaining participants.

Figure 3: Ambulatory EMG setup.

Picture illustrating ambulatory EMG setup, where self-adhering
surface electrodes are affixed over the anterior temporalis
muscle, the body of masseter muscle and mastoid process (single
ground electrode). Electrodes are connected to a portable EMG
device.

Data processing

Masseter muscle EMG calibration: Similar to
previously applied approaches [15], where, using a first
approximation of symmetry, right masseter EMG activities
versus bite forces recorded for unilateral biting tasks on right
and left molars during both laboratory visits were plotted for
each subject. Each plot comprised results from 5 static and 20
dynamic bites per side and visit and had a linear regression
relationship determined. The 4 linear regression relationships
for each subject were then averaged and from this, individualspecific mean masseter muscle activity for a 20 N bite force
(T20N, µV) was calculated. The resulting T20N for each subject
was used to establish magnitude thresholds to calibrate in-field
ambulatory EMG recordings for quantification of masseter duty
factors.

Masseter duty factor (DF): Duty factor, also known as duty
time [22], is the percentage of time that a muscle is active, for
defined thresholds, relative to the total duration of the recording
([Duration of muscle activity/Duration of recording period]
x 100 %). The present study’s focus was on low-magnitude
masseter muscle activities (MMA), hence, DFs were calculated
for the selected ranges of magnitude and duration thresholds of
≥5 to <25 %T20N and ≥0.5 to <10 s, respectively via a systematic
process [14] overall mean DFs were calculated that represented
low-magnitude MMA for each subject during awake and sleep
time-periods from the in-field EMG recordings. To prepare for
DF calculations, each in-field ambulatory EMG recording was
viewed, low-level (background) noise was filtered (multi-band
gating, -25dB) using commercial software (Wave Pad Sound

Presence of psychological symptoms: Each participant filled
out self-reporting, reliable, and validated questionnaires:
GAD-7 [18], PHQ-9 [16], and PHQ-15 [17], for the assessment
of the severity of anxiety, depression, and somatic symptoms,
respectively. Based on the responses and respective guidelines
for the questionnaires [16-18], participants who were
categorized as “Normal” or as having “Minimal “symptoms were
combined into a single “Normal” group. Subjects characterized
as Mild, Moderate, Moderate-Severe, and severe were combined
into a single “Presence of symptoms” group.
No pain or pain-related TMD: Calibrated examiners with
high levels of reliability, ranging from К ≥ 0.90-1 for the clinical
parameters conducted the DC-TMD examination. Subjects were
categorized according to no pain, or pain-related TMD (myalgia,
myofascial pain, and arthralgia), using the DC-TMD guidelines
[20].

Statistical analysis: A multi-step analytic approach was used
to identify possible associations between the low-magnitude
MMA and the presence of psychological symptoms and potential
modifications of this association by the presence of painrelated TMD diagnoses and gender. The first step examined the
distribution of the data relative to the 2 psychological groups
(Normal, Presence of symptoms) using the Shapiro-Wilk test
of normality. If the data showed a non-parametric distribution,
logarithmic transformation was applied. The second step
involved using independent t-tests to determine if there were
statistical differences between the groups for age within the
respective time-periods. In the third step, odds-ratios (OR)
were determined for the association of the low-magnitude MMA
and the presence of psychological symptoms. Similarly, the
association between low-magnitude MMA and psychological
symptoms was stratified based on the pain-related TMD
diagnoses and gender.

Results

The Shapiro-Wilk normality test indicated that the data
were not normally distributed (p > .05); therefore, logarithmic
transformation of the data was used. There were 68 participants
in this pilot study, with a mean age of 33.1 ± 12 years, where
64.7% (N =44) were females (Table 1).
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Table 1: Groups for time periods with gender and mean ages (standard deviation) of participants.
Total

Males

Females

Number

Mean age (yr.)

Number

Mean age (yr.)

Number

Mean age (yr.)

Sample

68

33.13 (11.96)

24

30.2 (9.9)

44

34.73 (12.76)

Group A

17

33.12 (12.3)
33.14 (10.3)

19

33.8 (8.5)

12

32.83 (13.86)

Sleep Time

29.3 (10.3)

Group A`

17

17

9

26.2 (5.7)

8

36.50 (10.68)

Group B

Group B`

51

Awake Time
5

33.82 (12.64)

Awake time-period
Based on 75th percentile, participants were divided into
Groups A (at or above 75th percentile) and B (all others), for the
split analysis. For the awake period, in Group A, the mean age
was 33.1 ± 12.3 years and 70.6 % were females (n=12) (Table
1). No significant difference in age was detected between the
Groups A and B in the awake time-period (independent t-test,
pawake = 0.995). Among the individuals reporting presence of
anxiety symptoms, the odds ratio (95% confidence intervals)
of being in Group A was 1.6 (0.5, 4.8), however the increased
odds of being in Group A versus Group B were not statistically
significant for these individuals (Table 2). Among those reporting
presence of depression and somatic symptoms, the odds ratios
(95% confidence intervals) of being in Group A were 3.3 (1.1,
10.3) and 4.3 (1.2, 15.0), respectively. These odds were found
to be statistically significant (p=0.036 and 0.017, respectively),
indicating that individuals in Group A were more likely to report
presence of depression and somatic symptoms compared to
individuals in Group B (Table 2).

No statistically significant modification of odds ratio was
observed in the relationship between self-reported presence
of anxiety symptoms and low-magnitude MMA on stratification
of awake time-period data based on the presence or absence
of pain-related TMD diagnosis (Table 2). The presence of painrelated TMD augmented the association between presence of
depression symptoms and Group A. The odds ratio was increased
from 3.3 (1.1, 10.3) to 5.3 (0.6, 46.0) for participants with painrelated TMD compared to those without pain. However, this was
not statistically significant. The association between presence
of somatic symptoms and Group A was statistically enhanced
by the absence of pain-related TMD diagnosis, indicating that
individuals with presence of somatic symptoms and absence of
pain-related TMD diagnosis were more likely have higher duty
factors for low-magnitude masseter muscle activities. The OR
(95% confidence intervals) increased from 4.3 (1.2, 15.0) to
5.5 (1.3, 24.4) for participants with no pain compare to those
categorized as having pain-related TMD. Gender was found
to alter the association between self-reported presence of
psychological symptoms and low-magnitude MMA. Male gender
strengthened the associations between presence of anxiety and
depression symptoms and Group A. The OR (95% confidence

15

32.6 (11.3)
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32
36

35.44 (12.49)
34.33 (13.28)

intervals) were 6.9 (0.6, 74.2) and 15 (1.3, 174.4), respectively.
However, only the association between presence of depression
symptoms and Group A were statistically significant. In contrast,
the association between presence of somatic symptoms and
Group A was statistically increased by the presence of female
gender, where the odds ratio (95% confidence intervals)
increased from 4.3 (1.2, 15.0) to 5 (1, 26.5) (Table 2).

Sleep time-period

Participants were divided into Group A` and B`, based on
75th percentile. In Group A`, the mean age was 31.1 ± 9.7
years and 47.1 % were females (n=8) (Table 1). No significant
difference in age was observed between Groups A` and B` in the
sleep time-period (independent t-test, p sleep = 0.413). Among
the individuals reporting presence of anxiety, depression, and
somatic symptoms, the odds ratio (95 % confidence intervals)
of being in Group A were 0.9 (0.3, 2.6), 1.7 (0.5, 5.2), and 1.5
(0.5, 4.5), respectively. However, the increased odds were not
statistically significant. Similarly, no statistically significant effect
modifications were observed for pain-related TMD diagnoses or
gender (Table 3).

Discussion

The purpose of this pilot study was to determine if lowmagnitude activities of the masseter muscle recorded in the
individual’s natural environments during awake and sleep
periods were associated with self-reported anxiety, depression,
and somatic symptoms. In addition, if associations existed, it was
determined if these were modified by gender or by the presence
of orofacial pain, such as pain-related TMD diagnoses. During
the awake time-period, statistically significant associations
were found between individuals who showed the highest duty
factors for low-magnitude masseter muscle activities (Group A,
at or above the 75th percentile of duty factors) and self-reported
presence of depression and of somatic symptoms. These findings
are similar to those reported by a similar investigation on the
etiology of parafunctional activities, which result in marked
masticatory muscle activation [23]. The exact mechanism of this
association is unknown. However, it has been suggested that
presence of psychological distress may result in fear-avoidance
behavior [21], which may further result in the individual holding
her/his muscles taut or rigid, thus, causing increased muscle
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13

Present

Present

Normal

Normal

4

8

8

9

Present

Normal

N

Category

23.5

76.5

47.1

52.9

47.1

52.9

Column %

29

22

38

13

30

21

N

56.9

43.1

74.5

25.5

58.8

41.2

Column %

Group B
(N=51)

0.017*

0.036*

0.398

P value

4.3

3.3

1.6

OR

1.2, 15.0

1.1, 10.3

0.5, 4.8

95 % CI

1.1

5.3

1.1

OR

0.1, 15.5

0.6, 46.0

0.1, 9.3

95 % CI

Pain (N=17)

5.5

2.5

1.6

OR

1.3, 24.4

0.6, 10.0

0.4, 6.0

95 % CI

No pain (N=51)

Pain-related TMD

3.3

15.0

6.9

OR

0.4, 24.8

1.3, 174.4

0.6, 74.2

95 % CI

Male (N=24)

Gender

5.0

1.8

0.9

OR

1.0, 26.5

0.5, 7.3

0.2, 3.6

95 % CI

Female (N=44)

Somatic
symptoms

Depression
symptoms

Anxiety
symptoms

Putative
Risk Factor

Normal

Present

Normal

Present

Normal

Present

Category

7

10

10

7

10

7

N

41.2

58.8

58.8

42.1

58.8

41.2

Column %

Group A
(N=17)

26

25

36

15

28

23

N

51

49

70.6

29.4

54.9

45.1

Column %

Group B
(N=51)

Low-magnitude MMA

0.484

0.369

0.778

P value

1.5

1.7

0.9

OR

0.5, 4.5

0.5, 5.2

0.3, 2.6

95 % CI

0.3

-

0.2

OR

0.02, 5.6

-

0.01, 2.9

95 % CI

Pain (N=17)

2.5

3.6

1.4

OR

0.7, 8.6

1, 13.4

0.4, 4.9

95 % CI

No pain (N=51)

Pain-related TMD

1.6

2

1.9

OR

0.3, 8.7

0.3, 11.5

0.4, 10.0

95 % CI

Male (N=24)

2.4

1.4

0.4

OR

0.4, 13.5

0.3, 7.0

0.1, 2.1

95 % CI

Female (N=44)

Gender

Table 3: Odds ratio (OR) analysis with 95% confidence intervals (CI) of association of low-magnitude masseter muscle activities (MMA) during sleep time-period with self-reported anxiety, depression,
and somatic symptoms and influence of pain-related TMD/no pain and gender on each respective association.

Somatic
symptoms

Depression
symptoms

Anxiety
symptoms

Putative
Risk Factor

Group A
(N=17)

Low-magnitude MMA

Table 2: Odds ratio (OR) analysis with 95% confidence intervals (CI) of association of low-magnitude masseter muscle activities (MMA) during awake time-period with self-reported anxiety, depression,
and somatic symptoms and influence of pain-related TMD/no pain and gender on each respective association.
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activity. Another proposed mechanism is the possible role of
common neurotransmitters in the pathogenesis of psychological
disorders and parafunctional activities. It has been suggested
that disturbances in the central neurotransmitter system
may account for psychological symptoms and parafunctional
movements [7]. Presence of pain-related TMD strengthened
the association between self-reported depression symptoms
and Group A during awake periods. Similar associations have
been reported in studies focused on oral movements resulting
in pronounced muscle activations [23-25]. A proposed model
for the association between pain-related TMD and depression
symptoms, suggests that these conditions may have similar
pathogeneses. Neurotransmitters such as serotonin and
norepinephrine have been implicated in both pain modulation
and psychiatric disorders. Similarly, vulnerability to negative
affectivity or dystrophic states may link psychological symptoms
with somatic symptoms, including orofacial pain [7].
In contrast, absence of pain-related TMD augmented the
association between self-reported somatic symptoms and
Group A during the awake time-period. Previously, based on
separate investigations, Mora et al. [26] and Fernandes et al.
[27] both reported an association between jaw movements
resulting in sleep period muscle activity (i.e. sleep bruxism)
and the presence of pain-related TMD and somatic symptoms.
It was suggested that this association was due to a shared
pathophysiology associated with the dysregulation of
hypothalamic-pituitary-adrenal stress hormone. However, in
the present investigation no such association was observed
between low-magnitude masseter muscle activity, pain-related
TMD, and somatic symptoms. A possible explanation for these
contradictory findings can be attributed to the methodological
differences between these investigations. In the study by Mora et
al. [26], muscle activities during sleep periods were evaluated by
recording EMG burst activities. This is different from the present
investigation where muscle activity was recorded irrespective of
continuous or intermittent frequency of activity. Fernandes et
al. [27] used clinical examination and history for evaluation of
nocturnal activity and focused on sleep bruxism only. In contrast,
the present investigation used objective means to analyze lowmagnitude masseter muscle activity during both functional and
non-functional jaw movements in awake and sleep periods.
Male gender strengthened the odds of being in Group A and
reporting the presence of depression symptoms during awake
periods. While female gender augmented the odds of being in
Group A and reporting the presence of somatic symptoms.
Previous investigations have suggested statistically significant
associations in females between presence of depression
symptoms, somatic symptoms, and increased masticatory
muscle activity [28,29]. However, previous results like these
should be interpreted with caution because the majority of
these investigations have focused only on clinical cases. This can
result in a sample bias where subjects have notably different
physiological and psychological characteristics compared to
those in the community. No association was found between the
presence of psychological symptoms and low-magnitude MMA
during sleep periods. These results are similar to the review
findings of Manfredini & Lobbezoo [7] who concluded that there
was limited evidence in the literature supporting the association
between night-time parafunctional activity and presence of
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psychopathological symptoms. However, the results of the
reviews were based on articles that had either used unreliable
subjective clinical examinations or non-validated self-report
questionnaires as a diagnostic criterion for parafunctional
activity [7,30]. An important improvement in the current study
was the use of calibrated ambulatory EMG to record muscle
activity in participant’s natural environment and use of validated
questionnaires to assess psychological symptoms.

In the current study, the presence of anxiety symptoms was
not associated with low-magnitude masseter muscle activity
during awake and sleep periods. These findings contradict the
stress-hyperactivity theory [31] which asserts that hyperactivity
is induced by psychological states, such as stress. To reiterate,
the criteria used for diagnosis and quantification of masticatory
muscle activity in previous investigations has not been consistent,
and is characterized by potential bias and confounders, e.g. pain
as a criterion for sleep bruxism [7,30]. Additionally, the term
“anxiety” which could indicate a temporary and non-pathological
psychic state or a more complex psychiatric disorder, has
frequently been used incorrectly [7,9]. The current study has
several limitations. First, this was a pilot study with relatively
small and unbalanced sizes of some groups. Consequently, for
some variables the widths of the confidence interval were
very large. Because the width of the confidence interval for an
individual odds ratio depends mainly on the sample size, these
results suggest that future investigations be conducted with
larger sample sizes with more balanced numbers in the subgroups. Another possible limitation is cross-contamination of
myoelectric signals from muscles other than the masseter, such
as the buccinators, which is a nearby muscle of facial expression.
This possibility exists because surface electrodes were used
[32]. On the other hand, surface electrodes have the advantages
over fine-wire electrodes whereby “whole muscle” behavior is
characterized rather than single motor units. In addition, use of
fine-wire electrodes would have not been practical due to the
considerable extent and nature of the in-field recording period
(spanning over 2 time-periods for 3 days, each for a minimum of
6 hours). Finally, only masseter muscle activity was used in the
analysis. However, it has been shown previously that masseter
and temporalis muscles are activated dissimilarly across
different oral tasks [16]. In the future, it would be important
to see if there was an association of low-magnitude temporalis
muscle activity with the presence of self-report of psychological
symptoms during awake and sleep time-periods.

Conclusion

In this pilot study, participants with self-reported depression
and somatic symptoms had significantly higher odds of
having low-magnitude masseter muscle activity during awake
periods than those who did not report these symptoms. The
association between low-magnitude MMA and self-reported
depression symptoms was significantly augmented among male
participants, whereas, the association between low-magnitude
MMA and self-reported somatic symptoms were significantly
strengthened among female participants without pain.
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