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SUMMARY The aim of this study was to further clarify the relationship between emotional
stress and bruxism. In experiment 1, 60 male 9-week-old Wistar rats were divided into four
groups: the emotionally stressed (ES), the emotionally non-stressed (NS), the electrically
foot-shocked (FSd), and the non-foot-shocked (NSd). ES rats were confined in a communi-
cation box for one hour a day to observe the emotional responses of neighbouring FSd
rats. On days 0, 1, 4, 8, and 12, the electromyographic activity of the ES and NS rats’ left
masseter muscles was recorded for one hour, three hours after confinement in the
communication box. Brux-like activity appeared in the masseter muscle of the ES group on
days 1, 4, 8, and 12, but not in the NS group.

In experiment 2, 36 male Wistar rats, 9 weeks old, were divided into three groups:
emotionally stressed rats treated with an anti-anxiety drug (DES), emotionally stressed rats
treated with saline as a vehicle (VES), and 24 FSd rats. Stress and EMG procedures were
the same as those in experiment 1. Brux-like episodes decreased in DES rats from day 1
and significant differences were found on days 4 (P<0.01), 8 (P<0.05), and 12 (P< 0.05),
when compared with the VES group. These findings suggest that emotional stress induces
brux-like activity in the masseter muscle of rats, which was reduced with anti-anxiety drugs.

Introduction

Bruxism is widely accepted as a parafunctional oral
habit characterized by non-functional clenching
and grinding of teeth (Ramfjord, 1961), which
results in excessive tooth wear, periodontal
problems (Moore, 1956), and temporomandibular
joint disorders (TMD; Trenouth, 1979; Rugh
and Harlan, 1988). In the aetiology of bruxism,
occlusal interference (Ramfjord and Ash, 1971;
Dawson, 1974), and emotional and/or psychological
stress (Rugh and Solberg, 1976; Glaros and Rao,
1977), have been highlighted as the most notable
factors. However, the relevance of occlusal inter-
ference to bruxism remains questionable (Rugh
et al., 1984; Okeson, 1995), while the connection
between emotional stress and bruxism has
received more attention (Klineberg, 1994).
Previous research suggests that emotional
and/or psychological stress are associated with

bruxism in humans as indicated by the increase
of jaw muscle electromyographic (EMG) activity
or combined with the increase of catecholamine
levels (Rao and Glaros, 1979; Clark et al., 1980;
Rugh and Harlan, 1988; Vanderas et al., 1999).
Increase in jaw muscle activity was also observed
on animal models that exhibited emotional
states associated with bruxism (Landgren and
Olsson, 1980; Weiner et al., 1993; Byrd, 1997,
Sitthisomwong et al., 2000). However, these
animal models required hypothalamic stimulation
to detect their emotional responses when there
was an increase of jaw muscle activities linked to
bruxism (Landgren and Olsson, 1980; Weiner
et al., 1993; Sitthisomwong et al., 2000). Although
previous research associated emotional states
with bruxism, there seems to be no thorough
understanding of how emotional stress provokes
masticatory parafunction, such as bruxism. Using
animal models conditioned to an emotionally
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stressful environment would further clarify the
association of emotional stress to bruxism for a
certain time period.

The present study was designed to induce
experimental anxiety in rats using an emotional
stress paradigm, employed by the intra-species
emotional communication within a communication
box (Ogawa et al., 1990). The hypothesis of this
study was that emotional stress induces hyper-
activity of masticatory muscles, which then results
in oral parafunction such as bruxism.

Two experiments were carried out: experiment 1
determined whether exposure to emotional stress
induced brux-like activity of the masseter muscles
in rats, and experiment 2 verified whether
blocking with an anti-anxiety drug would lessen
the brux-like activity. The relevance of this study
lies in the determination that there is a positive
link between emotional and/or psychological
stress and bruxism, which therefore supports a
body of research demonstrating the important
role of emotional and/or psychological stress in
human bruxism.

Experiment 1: detection of brux-like activity
induced by emotional stress

Animals and methods

Animals. Sixty male 9-week-old Wistar rats were
divided into four groups: 10 emotionally stressed
(ES), 10 emotionally non-stressed (NS), 20 electric
foot-shocked (FSd), and 20 non-foot-shocked
(NSd) rats. They were housed in a temperature-
controlled room at 24°C under a 12-hour light:
dark cycle, and given free access to food and
water. Prior to the experiment, all rats were
carefully habituated and conditioned to adapt
themselves to the communication box for one
hour a day for five days. Body weight was
recorded daily for both ES and NS rats. The
experimental procedures were reviewed and
approved by the Ethics Committee of Kagoshima
University Dental School.

Electrode installation. ES and NS rats were
given pentobarbital anaesthesia (30 mg/kg) intra-
peritoneally. Five to ten minutes later, ketamine
anaesthesia (15 mg/kg) was administered
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intramuscularly. The dorsal surface of the head
was incised to expose the parietal bones, where
three stainless steel screws (1 mm in diameter
and 3 mm in length) were partially embedded
on the parietal bones as stabilizing posts for a
female miniature connector. Another incision
was made on the left cheek to expose the left
masseter muscle, where paired electrodes of
polyurethane-coated copper wires (0.08 mm in
diameter; Unique Medical Co., Tokyo, Japan)
with bared tips of 1 mm in length were inserted
at 3 mm inter-polar distance, using a 27-gauge
hypodermic needle. Electrodes were sutured to
the connective tissue to prevent displacement.
The ends of the electrodes passed through the
subcutaneous tunnel, emerged at the surface of
parietal bones, were welded to two poles of the
female miniature connector, and covered by silicon
for insulation. The female miniature connector
was stabilized with the ground electrode screw
(3 mm in diameter and 10 mm in length) at the
parietal bones with the acrylic resin. After surgery,
an antibiotic (cefazolin sodium) was administered
intramuscularly to prevent post-surgical infection.

Stress stimulation within the communication box.
The communication box (Ogawa et al., 1990)
was selected as the emotional stress paradigm
in this study. It consists of 16 compartments
(16 x 16 cm), separated by transparent plastic
boards. The boards prevent each animal from
physical contact, but allow them to receive cues
such as visual, auditory, and olfactory sensations
from the neighbouring animals. Each compartment
was equipped with a grid floor of stainless steel
rods, 5mm in diameter, placed 1.3 cm apart.
An electric generator (MATYS, Toyo Sangyo
Co. Ltd, Toyama, Japan) was connected to the
grid floors to produce an electric current of 2 mA
to generate an electric foot shock for 10 seconds
with an interval of 120 seconds. The grid floors of
eight compartments were covered by plastic
plates to prevent electric foot shock and served
as non-foot-shock compartments for the ES rats
(Figure 1).

Stress stimulation within the communication
box commenced five days after electrode
installation. Prior to the day of stress stimulation
(day 0), ES rats together with FSd rats were
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Figure1 Arrangement of non-foot-shock (open areas)
and foot-shock (shaded areas) compartments for ES and
FSd rats in the communication box.

individually confined in each compartment of
the communication box for one hour without
any electric foot shock. From days 1 to 12, the
electric foot shock was introduced to FSd rats
(stress senders) for one hour a day at a fixed
time in the morning. ES rats (stress responders)
confined in the non-foot-shock compartments
were then exposed to emotional cues from neigh-
bouring FSd rats, such as shrieks, smells of urine
or faeces, and jumping response. Consequently,
ES rats were assumed to be in fear or in a state
of anxiety (Ogawa et al., 1990).

Sham experiments were carried out on different
days. NSd rats (stress senders) were placed in the
foot-shock compartments and NS rats (stress
responders) in the non-foot-shock compartments,
but no electric foot shock was administered to
NSd rats.

FSd and NSd groups were only used to send
effective cues during stress and non-stress sessions,
respectively.

Electromyography (EMG) recording. EMG activity
of the left masseter muscle was recorded in both
ES and NS groups on days 0, 1, 4, §, and 12.
Day 0 served as the baseline to detect any
changes in muscle activity from days 1 to 12 of
the experiment. Three hours after release from
the communication box, all the ES and NS rats
were placed in a transparent cage in an electronic-
ally shielded room. A leading cable of the male
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miniature connector was attached to the female
miniature connector on the rat’s head. The rat
was allowed to move freely in the cage for 15
minutes before the recording and for one hour
during the EMG recording.

EMG output was amplified and filtered
(0.03-1 kHz) by AC amplifiers (Nihon Kohden
Co., Tokyo, Japan), displayed on a dual-beam
oscilloscope and stored using a data recorder
(A-69, Sony Magnescale Inc., Tokyo, Japan) at a
tape speed of 3.8 cm/seconds. During EMG
recording, episodes of brux-like activity of the
masseter muscle were established by both observ-
ing the jaw movement of the rat and listening to
the sound of muscle activity on an audio monitor
(Pohto, 1979; Byrd, 1997).

Total body, thymus, spleen, and adrenal gland
weight. Body weight was examined on days 0, 1,
4, 8, and 12. On the last day of experiment,
ES and NS rats were killed by ether anaesthesia
immediately after EMG recording. Thymus,
spleen, and adrenal glands were removed and
weighed, since these organs are said to be affected
by emotional stress (Marsh and Rasmussen, 1960).

Analysis of EMG data. EMG data were printed
out for analysis of episodes of brux-like activity.
The onset of brux-like activity was identified as
an increase in the mean amplitude + 2 SD of the
amplitude of the rest activity. The number and
duration of episodes of brux-like activity within a
one hour period were counted and measured. A
Mann-Whitney U-test was used to compare the
episodes of brux-like activity between ES and
NS groups, and Wilcoxon’s signed rank sum test
was used to analyse the intra-group difference of
the episodes of brux-like activity.

Results

Examples of raw EMG pattern of the masseter
muscle in ES and NS rats are shown in Figure 2.
The level of masseter muscle activity at rest was
identified as 0.0585 mV. The number, duration,
and total duration of episodes of brux-like
activity of the masseter muscle within a one hour
period in the ES group are shown in Table 1. On
day 0, EMG activity of the masseter muscle was
low, and did not differ between ES and NS rats.
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Figure 2 Examples of raw EMG patterns of the masseter muscle in ES and NS rats. (a) Brux-like
activity in ES rats detected by the presence of cyclic bursts of large amplitude and longer duration.
(b) NS rats showed only low-level EMG activity completely different from brux-like activity.

Table 1 Episodes of brux-like activity at the masseter muscle within a one hour period in the ES group.

Day 0 Day 1 Day 4 Day 8 Day 12
Number of episodes 0 1.5+1.1 1.9+0.7 22+08 1.5+0.7
Total duration of episodes (seconds) 0 106.5 + 71.6 133.2 £50.9 140.7 + 43.7 99.7 +52.3
Mean duration of episodes (seconds) 0 67.1 £52.7 76.6 +29.9 79.1 +48.4 72.5 £ 46.0

Values indicate mean + SEM. No episode of brux-like activity was found in the NS group.

From day 1, however, episodes of brux-like
activity of the masseter muscle were detected by
the presence of cyclic bursts of large amplitude
and longer duration, which were continuously
observed until day 12 in ES rats. The NS group,
on the other hand, did not exhibit such activities
throughout the experiment.

Episodes of brux-like activity on days 0, 1, 4, 8,
and 12 in the ES and NS groups were compared
(Figure 3). Basal EMG recording on day 0 was
low in both groups. When stress stimulation began
on day 1, episodes of brux-like activity in the ES
group were significantly higher (P < 0.001) com-
pared with the NS group. These episodes remained
high on days 4 (P <0.001), 8 (P <0.001), and 12

(P <0.001). The Wilcoxon’s test for intra-group
difference showed that episodes of brux-like
activity in the ES group were higher on days 1
(P<0.05), 4 (P<0.01), 8 (P<0.01), and 12
(P <0.01) compared with day 0. There were no
significant differences during days 1, 4, 8, and 12.
No significant differences existed in the NS
group from day O until day 12.

Body weight gain showed essentially no
difference between either group throughout the
experiment (Figure 4). There was no signifi-
cant difference in the weight of thymus, spleen,
and adrenals between the ES and NS groups
on the last day of the experimental period
(Figure 5).
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Figure 3 Duration of episodes of brux-like activity (mean
+ SEM) in the ES and NS groups. ***P <0.001 by
Mann-Whitney U-test between the ES and NS groups.
#P < 0.05; ##P < 0.01 by Wilcoxon’s test for intra-group
difference.
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Figure 4 Changes in body weight (mean + SD) during the
experimental period in the ES and NS groups. No
significant difference was found between either group.

Experiment 2: blocking of brux-like activity
by an anti-anxiety drug

Animals and methods

Animals. Thirty-six male 9-week-old Wistar rats
were divided into three groups: six emotionally
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Figure 5 Weight of thymus, spleen, and adrenals (mean +
SD) at the end of the experimental period. No significant
difference was found between the ES and NS groups.

stressed rats treated with the anti-anxiety drug
(DES), six emotionally stressed rats injected
with saline serving as the vehicle (VES), and 24
electric foot-shocked (FSd) rats. Habituation
and conditioning procedures to ensure the rats’
adaptation to the communication box were the
same as those in experiment 1.

Administration of anti-anxiety drug. Diazepam has
been suggested to possess inhibitory effects on
the activation of mesoprefrontal dopamine neurons
and hypothalamic-pituitary-adrenocortical axis
induced by emotional and/or psychological stress
(Kaneyuki et al., 1991). It has been used as an
anti-anxiety drug in several stress-related experi-
ments using the communication box (Ida et al.,
1989; Kaneyuki et al., 1991; Ogawa et al., 1993).
In order to verify the relationship of emotional
stress and brux-like activity of the masseter
muscle in ES rats as manifested in experiment 1,
diazepam was chosen to block the effect of
emotional stress on the episodes of brux-like
activity.

Diazepam (Takeda Pharmacuetical Co.,
Osaka, Japan) was dissolved in saline con-
taining 40 per cent propylene glycol. From days
1 to 12, diazepam (1 mg/kg) was injected
subcutaneously in DES rats 30 minutes before
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stress stimulation. For the sham experiment,
saline was injected subcutaneously in VES
rats.

Stress stimulation in the communication box.
Using the same stress stimulation, including the
same communication box as experiment 1, DES
and VES rats (stress responders) received the
stress responses from FSd rats (stress senders).

Prior to the day of stress stimulation (day 0),
DES and FSd rats were confined in the communi-
cation box for one hour without administration
of diazepam or electric foot shock. From days
1 to 12, DES rats administered with diazepam
and FSd rats were separately confined inside
the communication box, followed by the electric
foot shock to FSd rats for one hour. DES rats
readily perceived the responses of FSd rats,
such as shrieks, jumping, and smells of urine or
faeces. VES rats with their corresponding FSd
rats underwent the same procedure as the DES
rats.

Recording and analysis of EMG data. EMG
recording of the left masseter muscle on days
0, 1, 4, 8, and 12 in DES and VES groups, and
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analysis of their EMG data were exactly the
same as those in experiment 1.

Results

Episodes of brux-like activity on days 0, 1, 4, 8,
and 12 in the DES and VES groups are shown in
Figure 6. Basal EMG recordings on day 0 were
low in both groups. When the stress stimulation
began on day 1, episodes of brux-like activity
appeared lower in the DES group compared
with the VES group, but the difference was
not significant. Episodes of brux-like activity in
the DES group remained significantly low on
days 4 (P <0.01), 8 (P < 0.05), and 12 (P < 0.05),
when compared with the VES group. Episodes
of brux-like activity in the DES group were
minimal from day 1, which eventually decreased
until day 12 without any significant differences
(Wilcoxon’s test of intra-group difference).
However, episodes of brux-like activity in the
VES group were significantly higher on days 4
(P <0.05) and 8 (P < 0.05) compared with day 0.
There were no significant differences during days
1,4,8, and 12.

Duration of the episodes of brux-like activity (sec/hr}

Experimental days

§ DES group (n = 6)
B VES group (n = 6)

Figure 6 Duration of episodes of brux-like activity (mean + SEM) in emotionally stressed
rats treated with diazepam (DES) and emotionally stressed rats treated with saline as
vehicle (VES). *P <0.05, **P <0.01 by Mann-Whitney U-test between DES and VES
groups. #P < 0.05 by Wilcoxon’s test for intra-group difference.
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Discussion

Emotional stress and brux-like activity
of masseter muscle

According to Ogawa et al. (1990), the communi-
cation box method can develop emotional stress
in animals as they perceive the responses of other
animals exposed to physical stress delivered
through an electric foot shock. This kind of intra-
species emotional communication has been
detected in earlier studies, and further confirms
that animals subjected to experimental anxiety
within the communication box increase their
stress hormone (plasma corticosterone level)
and some develop stomach ulcers (Ogawa et al.,
1990; Ishikawa et al., 1992). In the present study,
the communication box was used to simulate
an emotionally stressful environment and to
determine whether oral parafunction, such as
brux-like activity, would occur in the masseter
muscles of rats exposed to emotional stress.
Experimental bruxism and/or masticatory muscle
hyperactivity has been recorded in animals
subjected to stressors (Pohto, 1979; Landgren
and Olsson, 1980; Weiner et al., 1993; Richardin
et al., 1995; Byrd, 1997; Sitthisomwong et al.,
2000). One oral sign of bruxism is an increase
in masseter muscle activity in humans (Sherman,
1985) and in animals (Landgren and Olsson,
1980; Yamada et al., 1990; Weiner et al., 1993;
Shoji et al., 1994; Sitthisomwong et al., 2000). In
animal studies, EMG of the masseter muscle
shows cyclic bursts with a longer duration and
larger amplitude particularly in the grinding type
of bruxism or non-functional masticatory activity
(Yamada et al., 1990; Shoji et al., 1994). Such
cyclic bursts of EMG in animals was termed as
brux-like activity in the present study (Figure 2).
The basal EMG level of masseter muscle activity
was first determined under the normal or non-
stressed condition on day 0. Both ES and NS
groups showed a fairly low level of EMG activity.
On day 1, EMG activity of the masseter muscle
identified significant episodic cyclic bursts of brux-
like activity after the first exposure to emotional
stress in the ES group, while such activity was not
evident in the NS group (Figure 3). The presence
of brux-like activity in ES rats may indicate that
emotional stress stimuli augmented the masseter
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muscle activity. On days 4, 8, and 12, episodes
of brux-like activity in the ES group remained
significantly high. The intra-group effects on days
1, 4, 8, and 12 in the ES rats were significantly
different from day 0. This marked difference
across the days demonstrated the effect of
emotional stress in jaw muscle function. The
brux-like episodes decreased with no significant
difference from days 8 to 12 in the ES group. This
may indicate that the ES group had learned to
cope with the stressful environment.

In the present study, no episode of brux-like
activity was observed from days 0 to 12 in the NS
group, indicating that this group did not experience
emotional stress during the entire experimental
period. The ES group, however, had brux-like
episodes from days 1 to 12 and this illustrates their
emotionally stressful experience, as found in previ-
ous studies (Pohto, 1979; Byrd, 1997). Although
the present investigation was limited to the brux-
like activity of jaw muscles, these findings support
the notion that changes in the emotional state
are reflected by muscle tension (Sainsbury and
Gibson, 1954) and, in particular, by tension of
the masticatory muscles (Burstone, 1946; Perry et
al., 1960). Brux-like activity observed in anxious
rats in the present investigation may suggest the
role of a stress-related event to jaw muscle
function, which leads to jaw movement disorders.

Changes in the weight of the thymus, spleen, and
adrenal glands are usually found when stress is
induced (Marsh and Rasmussen, 1960); however,
Ishikawa et al. (1995) observed no change in the
weight of such organs or body weight in rats
exposed to emotional stress. The present results
also showed no difference in the organ weights
between the ES and NS groups on the last experi-
mental day. Lack of weight reduction in these
organs, particularly in the ES rats, may indicate
that the effect of emotional stress induced was
not sufficiently strong to produce a reduction of
weight in these organs, but was sufficient to
produce brux-like activity of the masseter muscle.

Blocking of stress-induced brux-like activity
by the anti-anxiety drug

Stress provoking stimuli are known to activate
the dopaminergic system (Bliss and Ailion, 1971;
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Thiery et al., 1976). According to Ida et al. (1989),
the mesoprefrontal dopamine system plays an
important role in the control of negative states,
such as fear and/or anxiety. Previous studies have
demonstrated that the activation of the mesopre-
frontal dopamine system is induced by emotional
stress and reversed by the administration of
diazepam (Ida et al., 1989; Kaneyuki et al., 1991).
When the stress stimulation was commenced in
the present study, episodes of brux-like activity
appeared lower in the DES group on day 1 and
remained significantly low on days 4, 8, and 12,
compared with the VES group (Figure 6). Episodes
of brux-like activity in the DES group were min-
imal from day 1 and decreased until day 12 without
any significant differences. However, episodes of
brux-like activity in VES group were significantly
high on days 4 and 8 compared with day 0, as
observed in the ES group in experiment 1. The
decreasing bruxing episodes of the masseter muscle
in DES group may indicate the gradual blocking
effect of diazepam. The strong potency of diazepam
was found to suppress the brux-like activity.
Pohto et al. (1979) demonstrated that diazepam
does not prevent bruxism in rats when this is
induced by a combination of apomorphine and
occlusal interference. In the present investigation,
however, the brux-like episodes markedly
decreased when diazepam was used as a blocking
agent in emotional stress-induced brux-like
activity. This may indicate that the effect of
diazepam depends on the aetiological factors of
oral parafunction. Since the present study used
only masseter EMG recordings to demonstrate
the drug effect on emotional stress-induced brux-
like activity, further research is being undertaken
to determine the neural activity of emotional
stress using the neuro-endocrinological method.
The present study attempts to link emotional
states and masseter muscle activity, and the
results support a pathophysiological mechanism
and therapeutic implications. First, from the
pathophysiological mechanism, emotional states,
as in stress, anxiety, and startle responses, are
rooted mainly on subcortical networks. Research
has identified the amygdala of the limbic system
as specifically concerned with emotions. The direct
thalamic inputs of short latency mediate primitive
emotional responses, and prepare the amygdala
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(the basolateral division) for the reception of
more sophisticated information about cognitive
representation of emotion from higher centres,
such as the ventromedial prefrontal cortex. The
output of amygdala, as well as afferent input that
is triggered by activity of autonomic effectors,
feeds back to cortical structures to give rise to
conscious emotional experience. As a result, the
projection from the thalamus to the amygdala
may allow primitive sensory representation rapidly
to activate amygdala, an activation that may
be important in situations of stress and danger.
The efferents from the amygdala (mainly coming
from the central nucleus) send two pathways
and these are: (1) the stria terminalis that
innervates the hypothalamus, bed nucleus of the
stria terminalis and nucleus accumbens; and
(2) the ventral amygdalofugal pathway that
provides input to the brainstem, dorsomedial
nucleus of thalamus and rostral cingulate gyrus.
Based on the Davis model of emotions, both
conditioned and unconditioned fear stimuli
activate the amygdala, which in turn send output
signals to the different brain structures to include
autonomic centres, respiratory centres, and
brainstem reticular formation, including the
trigeminal and facial motor nuclei. The effects
on cranial nerve nuclei and motor components
(cranial nerve V, masseters; cranial nerve VII,
muscles of facial expression) lead to mouth
opening and jaw movements that are supposedly
facial expressions of fear (Davis, 1992; Kandel et al.,
1995). Secondly, from the therapeutic implications,
benzodiazepines (e.g. diazepam as used in the
present experiment) are pharmacologically linked
to GABAergic (gamma aminobutyric acid) neuro-
transmission. There are two known subtypes of
GABA receptors, namely GABA-A and GABA-
B. GABA-A receptors are allosterically linked to
benzodiazepine receptor sites (i.e. anxiolytics
such as diazepam), including non-benzodiazepine
receptor sites (i.e. for sedative-hypnotics such
as zolpidem and even alcohol). The GABA-B
receptors are non-allosterically linked to benzo-
diazepines, but bind selectively to the muscle
relaxant-anti-spasticity drug baclofen. The receptor
complex is hypothetically responsible in part for
mediating such wide-ranging central nervous
system activities as seizures, anti-convulsant drug
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effects, and the behavioural effects of alcohol, as
well as the known anxiolytic, sedative-hypnotic,
and muscle relaxant effects of the benzodiazepines.
Depending on the receptor subtype, the benzo-
diazepine receptors are located in several
areas of the nervous system (e.g. cerebellum
and brainstem, spinal cord, and striatum) and
peripherally (e.g. kidneys). The pathomechanism
underlies the fact that GABA-A receptors
interact with the chloride channel to open it.
Once the chloride channel is open, the action
is inhibitory to that neuron and the reason
why GABA is largely known as an inhibitory
neurotransmitter. On administering benzo-
diazepine drugs, the benzodiazepine receptors
are activated and, since they are allosterically
linked to GABA-A receptors, they modulate the
chloride channel opening indirectly and induce
inhibition of that neuronal function. Modulation
of the GABA-benzodiazepine receptor complex
is therefore not only thought to underlie the
pharmacological actions of anti-anxiety drugs,
but is also theorized to serve as the vehicle for
mediating the emotion of anxiety itself. It has
been speculated, for example, that reduced actions
of GABA and the postulated endogenous benzo-
diazepines at this receptor complex may be asso-
ciated with the emotion of anxiety, whether the
emotion is normal or pathological (Stahl, 2000).
From the clinical level, the fact that panic symptoms
respond to benzodiazepine medication and that
infusion of benzodiazepine antagonists causes an
intense terror-like experience in animals and in
humans provides support for a potential role for
abnormalities of this system in patients suffering
from panic (Dorow et al., 1983; Shear, 1997).
Earlier animal studies (Pohto, 1979; Budz-
Jorgensen, 1980; Byrd, 1997) support the
assumption that emotional and/or psychological
stress factors play an important part in human
bruxism (Rao and Glaros, 1979; Clark et al.,
1980; Rugh and Harlan, 1988; Vanderas et al.,
1999). The findings of the present investigation
support the related assumption that emotional
and/or psychological stress contributes to bruxism,
and its validity is based on the occurrence of
brux-like activity in rats after repeated emotional
stress in the communication box. Although brux-
like episodes were evident in this investigation
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after exposure to emotional stress, the mechanism
that triggers this oral parafunction is not yet fully
understood. It seems that the dopaminergic
system has a special role in oral parafunction that
may be precipitated by emotional stress. Further
studies are needed to confirm the influence of
emotional stress on the dopaminergic system and
its relevance to bruxism.

Two important insights can, however, be
derived from this present experiment. Emotional
stressors induce masseter muscle contractions
that may be based on a pathway and may, in part,
be mediated as follows: sensory inputs occur
via the thalamus, with mainly visual and auditory
cues from foot-shocked rats (activation of
the amygdala, especially basolateral complex).
Efferents to various CNS systems (e.g. hypo-
thalamus and reticular formation), including
muscular contraction relevant to the present
experiment, via ventral amygdalofugal pathway
to the brainstem, specifically the trigeminal
motor neurons. Benzodiazepines alleviate this
emotional stress by way of their action on
the benzodiazepine-GABA-A receptor complex
and modulate the opening of chloride channels.
This level of action may in part be responsible
for the anxiolytic effects or muscle relaxation that
lead to reduction in masseter muscle contraction
in the present experiment. These insights lend
credence to the clinical state of anxiety and
response to benzodiazepines. Since the present
experiment was not designed to investigate other
stress-related changes, the level of muscular and
brux-like activities can only be speculated.

Clinically, the present results emphasize the
importance of environmental influences on the
emotional state that could affect the oral function.
Difficulty in coping with life stress by certain
individuals may predispose to TMD triggered by
bruxism.
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