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Objectives. A primary goal of pain management for muscle-related pain is to reduce masticatory muscle activity. This
study aimed to investigate masticatory muscle group activity and heart rate variability change when the tongue was
placed on the palate or the floor of the mouth in a healthy pain-free sample.
Study design. Participants were 23 females and 18 males with a mean age of 19.6 years (standard deviation � 1.5).
Muscle activity was measured using surface electromyography and heart period were measured using
electrocardiography. The experimental protocol consisted of 3 periods: baseline, tongue placement on the floor of
mouth, and tongue placement on palate.
Results. Results indicated significantly more activity in the temporalis and suprahyoid muscle regions as well as a
significant reduction in heart rate variability when the tongue was positioned on the palate compared with tongue
position on the floor of the mouth.
Conclusions. Instructions to place the tongue on the roof of the mouth are not instructions that will promote reduced
physiological functioning (i.e., relaxation) but rather promote small, but potentially important increases in overall activity as

indexed by muscle tone and cardiac function. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2009;108:881-888)
Recently there has been strong interest in developing
and applying strategies for health care treatments that
have demonstrated effectiveness according to the meth-
ods of science. For the management of orofacial pain
conditions, this is particularly salient because of the
potential for significant iatrogenic consequences to
emerge when treatment strategies are applied without
evidence from controlled clinical studies.1,2 One of the
more common reversible strategies that dental provid-
ers offer to patients with temporomandibular disorders
is to monitor and control tongue position as a part of an
overall effort to reduce unnecessary parafunctional ac-
tivity.3 Generally the goal of these instructions is to
minimize muscle activity for pain management. The
assumption here is that maintaining a particular “rest”
position where muscle activity is minimized will help
control muscle overuse, and facilitate reduction in mus-
cle-related pain.
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In the dental literature, there are several examples of
instruction sets that tell the patient where to place the
tongue for achieving a rest position.4,5 These instruc-
tions are typically part of comprehensive treatment
approaches, and instruct the patient to place the tongue
against the palate with slight pressure.6,7 However,
there is scant evidence that placing the tongue against
the palate is indeed a position of “rest” if rest refers to
reduction of muscle activity.

There are 2 recent studies that provide data demon-
strating increased muscle activity when the tongue is
placed against the palate.8,9 Carlson and colleagues8

reported data from healthy, pain-free participants that
showed significantly higher electromyographic (EMG)
activity in the right temporalis and suprahyoid muscles
when the tongue was placed against the palate with
slight pressure compared with resting the tongue on the
floor of the mouth. In a similar investigation, Takahashi
and colleagues9 used an intraoral appliance to evaluate
tongue positions and muscle activity. This device in-
cluded 2 pressure transducers to detect contact with the
tongue, as well as the placement of 3 external EMG
sensors on the right masseter, right anterior temporalis,
and suprahyoid muscles.9 The results of this study
found significant differences between rest and anterior
tongue placement for masseter muscle activity, and
significant differences between rest and both anterior
and superior tongue placements for activity in both the

temporalis and suprahyoid muscle groups.
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Results from these studies provide corroborating ev-
idence that placing the tongue against the roof of the
mouth results in increased muscle activity in the supra-
hyoid and temporalis regions.8,9 Despite these data-
based findings, the question of the appropriate rest
position for the tongue remains controversial.7 For our
purposes, we define “rest” as a position in which mus-
cle activity is at a minimum value, as measured by
electromyography. The importance of maintaining a
rest position is illustrated by a series of studies by
Glaros and colleagues10-12 demonstrating that main-
taining small levels of masticatory muscle activity can
result in significant pain and dysfunction. These find-
ings support the value of reduced masticatory muscle
activity as a goal for orofacial pain management. Fur-
thermore, recent functional magnetic resonance imag-
ing (fMRI) studies have shown that tongue position
maintained on the roof of the mouth results in higher
cortical activity compared with the tongue resting on
the floor of the mouth, and that there are significant
differences in areas of cerebral activation associated
with tongue position and movement.13-15

The fMRI studies showing cortical in addition to
midbrain and brainstem control of tongue motor func-
tion are consistent with studies showing how reversible
cortex cooling extinguished some tongue behaviors
while having minimal effect on some evoked chewing/
swallowing jaw muscle activity.13-19 Recent findings
that tongue nociception and learned tongue protrusion
tasks induce neuroplastic changes in the cortex illus-
trate how brain control of tongue activity can be mod-
ified by environmental stimuli.20,21 Tongue movements
are complex and represent a portion of the highly
integrated continuum of behaviors mediated by the
cranial nerves, and the hypoglossal motor nuclei, like
other cranial nerve motor nuclei, receive neural input
from widespread cortical, midbrain, and brainstem re-
gions.22-25 These regions help process the entire spec-
trum of sensory input so that the brain can effectively
coordinate feeding behaviors, breathing, and speech
and modulate cardiovascular and endocrine functions.
They also form the central autonomic nervous system
and greater limbic system, which contribute to the
learning process.26,27 The therapeutic suggestion to
practice elevated or protruded tongue rest positions
may instill learned, but functionally irrelevant postures
that are assumed when stressors stimulate the brain.
Such postures defy gravity, activate muscle metabore-
ceptors, and, with fatigue summation, produce sympa-
thetic demands that may have adverse effects on oro-
facial pain patients.

The likelihood that the tongue position on the roof of
the mouth results in less muscle activity is thus not

supported by available research findings. Further, ex-
perimental studies raise the question of whether place-
ment of the tongue against the palate is associated with
changes in other physiologic systems beyond the spe-
cific musculature and cortical structures associated with
tongue activity. If such an effect does occur with tongue
activity, habitual placement of the tongue against the
palate may contribute to disruption of integrated physio-
logic system balance. These disruptions could be indexed
by measures of autonomic nervous system functioning.

Change in the autonomic nervous system can be
quantitatively assessed by examining the change in the
beat to beat (NN) interval of an electrocardiogram
(ECG). This index of heart rate variability (HRV) rep-
resents the heart’s ability to respond to normal regula-
tory impulses that affect heart rhythm.28,29 For the
present study, the time domain index of root mean
square of successive differences (RMSSD) of the NN
intervals will be used. The RMSSD value is considered
to be a strong indicator of parasympathetic activity,
often referred to as cardiac vagal tone.29

Possible association between change in cardiac vagal
tone and tongue position–related muscle activity may
help increase understanding of the physiologic reactiv-
ity found in chronic orofacial pain patients. This patient
population has consistently demonstrated higher reac-
tivity compared with pain-free controls in studies of
pain thresholds, emotional and cardiovascular reactiv-
ity, psychological distress, fatigue, and sleep dysfunc-
tion.30-32 These characteristics suggest compromised
self-regulatory processes are important factors in pa-
tients suffering from chronic orofacial pain. Increased
knowledge regarding the associations between facial
muscle activity and cardiac vagal tone in a healthy
pain-free sample will further our understanding of pos-
sible mechanisms contributing to and sustaining orofa-
cial pain.

The present study had 2 general aims. The first aim
was to investigate activity in masticatory muscle groups
when the tongue was placed on the palate or the floor of
the mouth in a healthy pain-free sample. The second aim
was to investigate cardiac vagal tone response to placing
the tongue on either the palate or the floor of the mouth.

Two specific hypotheses were forwarded:

1) It was predicted that positioning the tongue with
slight pressure on the palate would involve an in-
crease in temporal, masseter, and suprahyoid muscle
activity, compared with measured muscle activity
when resting the tongue on the floor of the mouth.8,9

2) It was predicted that positioning the tongue with
slight pressure on the palate would be associated
with decreased cardiac vagal tone (diminished
HRV) compared with cardiac vagal tone when the

tongue is placed on the floor of the mouth (elevated
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HRV). Change in cardiac vagal tone was quantita-
tively assessed by measuring change in the RMSSD
index of HRV.

METHODS
Participants

This study was approved by the University of Ken-
tucky Institutional Review Board and all participants
provided written informed consent. Inclusion criteria
were as follows: (1) age 18 years or older; (2) no
current or past injury or pain in the jaw, mouth, or
tongue; (3) no current or past chronic pain condition;
(4) no current or past history of hypertension or heart
disease; (5) not taking any cardiovascular control med-
ication; (6) no history of asthma or other chronic respi-
ratory conditions; (7) no history of diabetes; (8) not
pregnant at time of study participation; (9) before par-
ticipation, resting blood pressure must meet the follow-
ing criteria: systolic blood pressure lower than 140 mm
Hg, diastolic blood pressure lower than 90 mm Hg.33

Power analysis to determine sample size was based on
previous studies, indicating a sample size of 40 would
provide adequate power at a beta of 0.80 and an alpha
of 0.05.3,8,9,34 Study participants were 23 females and
18 males with a mean age of 19.6 years (SD � 1.5), a
mean weight of 163.4 pounds (SD � 35.5), and a mean
height of 68.4 inches (SD � 3.8). Ethnic distribution of
the study sample was as follows: Caucasian (n � 33,
80.5%), African American (n � 4, 9.8%), Hispanic
(n � 2, 4.9%), and other (n � 2, 4.9%). All participants
received class credit for completion of this study.

Experimental setting
All procedures were conducted in a sound-attenuated

room in the Psychophysiology Laboratory at the De-
partment of Psychology of the University of Kentucky.
Participants were seated in a cushioned chair with head
support. Once informed consent was obtained, all par-
ticipants completed a health history questionnaire.
Physiological recording devices were then attached and
checked for accuracy. During all study procedures, par-
ticipants were asked to sit as quietly and comfortably as
possible and to refrain from any unnecessary movements.

Current stage of menstrual cycle
Day of menstrual cycle was recorded for female

participants by asking for the last day of their previous
period. The menstrual cycle is divided into 4 phases:
menstruation (days 1 to 5), proliferative phase (days 6
to 13), ovulation (day 14), and luteal phase (days 15 to
28). Autonomic regulation of the heart fluctuates during
the menstrual cycle with HRV being lower in the luteal
phase than in the other phases; thus, sympathetic activ-

ity is dominant during the luteal phase.35,36
Physiological measures
The physiological measures were recorded using the

MP150 Biopac data acquisition system (Biopac Sys-
tems, Inc., Goleta, CA). The configuration for this
study included the electromyographic, carbon dioxide,
and electrocardiogram amplifier modules. Electromyo-
graphic activity at each muscle site was recorded using
Ag/AgCl electrodes with shielded leads connected to an
EMG100C electromyographic amplifier module. Mod-
ule settings were as follows: sampling rate � 100
samples per second, amplifier gain � 1000, low pass
filter � 500 Hz, notch interference filter 60 Hz � on.
The EMG electrodes were placed on the right masseter,
suprahyoid, and right and left temporalis muscles ac-
cording to procedures described by Cram and Kas-
man.37 The raw EMG signal was integrated using the
BIOPAC software, and the mean EMG values in mi-
crovolts were calculated for each recording period.
Breathing rate was recorded by placing a nasal cannula
under the participant’s nose. The cannula tubing was
connected to a CO2100C amplifier module. This mod-
ule provides a continuous measure of end tidal carbon
dioxide level and breathing rate in breaths per minute.
Owing to equipment problems, end tidal carbon dioxide
data were not available for all participants; therefore,
these data are not reported. Breathing rate was success-
fully recorded for all study participants. Cardiovascular
activity was recorded using Ag/AgCl electrodes with
shielded leads connected to an ECG100C electrocar-
diogram amplifier module. Module settings were as
follows: sampling rate � 1000 samples per second,
amplifier gain � 1000, low-pass filter � 35 Hz, high-
pass filter � 0.05 Hz, notch interference 60 Hz � on.
The electrodes were placed in the Lead I configuration,
with the positive and negative electrodes connected to
the inside of the forearms.38 To calculate the RMSSD
heart rate variability index, the ECG signal was first
filtered and transformed into NN intervals using the
Biopac Acquire system software followed by variabil-
ity analyses using HRV Analysis Software version 1.1
SP1 by Biomedical Signal Analysis Group, Department
of Applied Physics, University of Kuopio, Finland.
This software package is a standalone HRV analysis
program that provides a variety of HRV indices includ-
ing time-domain and frequency-domain values. For this
study, because of the short time length for each study
period (baseline � 5 minutes, tongue position on floor
and roof, post � 1 minute for each trial), the time-
domain HRV index of RMSSD was reported. The
RMSSD HRV index was used to quantify cardiac vagal
tone as this technique has proven to be accurate, valid,
and clinically useful for short time periods of ECG

data.39,40
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Procedure
Once informed consent and health history were ob-

tained, height and weight were recorded. Blood pres-
sure was assessed using a Paramed 9200 automated
blood pressure cuff to ensure resting blood pressures
were within study criteria. The participant was seated in
a comfortable chair and the physiological recording
leads were attached and tested, followed by a 5-minute
baseline recording period. During all recording periods,
participants were instructed to sit as quietly and com-
fortably as possible and to refrain from unnecessary
movements.

Immediately preceding the baseline recording pe-
riod, all participants were asked where the tongue was
in the mouth. The reported placement was recorded as
his or her “normal” tongue position. Participants were
told they would be instructed to alternate the position of
the tongue between the roof and the floor of the mouth
for 1-minute periods. Participants were then instructed
to either place the anterior third of the tongue on the
roof of the mouth according to modified guidelines
explained by Rocabado,6 or to rest the tongue on the
floor of the mouth. The order of tongue placement was
randomly assigned, with 19 participants beginning with
tongue placement on the roof of the mouth. During all
trial periods, participants were asked to keep lips and
teeth slightly apart to control for facial positioning and to
minimize extraneous movements. All participants alter-
nated tongue position until 2 trials were completed in each
position. Instructions for each trial are given in Appen-
dix 1. Upon completion of all trials, the sensors were
removed and participants were debriefed and excused
from the study.

Analytic strategy
Before completing the statistical analyses, mean phys-

iological activity was calculated by averaging integrated
EMG, breathing rate, heart rate, and RMSSD variables
for all study trials. These values were averaged for the
2 roof position trials and for the 2 floor position trials,
resulting in 1 set of values for each tongue position.
These 2 composite trials will be noted as the TF period
(tongue position on the floor) and TR period (tongue
position on the roof). Overall repeated measures anal-
yses of variance (ANOVAs) were performed on the
physiological variables using the 3 trial periods: base-
line, TF period, and TR period. Focused contrasts were
used to evaluate a priori hypotheses. The advantage of
using a repeated measures design with physiological
recordings is that each participant acts as his or her own
control.41 This approach controls for other factors that
can influence physiological recordings such as skin
preparation, age, and site placement.42 Statistical anal-

yses were completed with the Statistical Package for
the Social Sciences, Release 15.0 (SPSS Inc., Chicago,
IL). The criterion for statistical significance was set at
P less than .05. Effect sizes for hypothesized analyses
are reported using Cohen’s d.

RESULTS

Comparison of physiological variables based on
self-reported normal tongue position

Participants were asked to state tongue position after
the baseline recording period. Reported “normal” tongue
position was floor (n � 22), roof (n � 12), and not sure
(n � 7). Univariate analyses on baseline, floor, and roof
EMG variables showed no differences between the
self-reported floor and roof groups. No differences
were detected between the self-reported floor and roof
groups on HR or RMSSD. These preliminary analyses
were followed by repeated measures analyses compar-
ing the main effect of study period on physiological
variables.

Muscle activity
The overall ANOVA for EMG activity in the right

masseter muscle indicated no main effect for period
(Wilks’ Lambda (2,39) � 2.35, P � .109). Repeated
measures univariate was not completed on these data
because of no significant main effect detected for the
period. The overall ANOVA was followed by focused
contrasts to evaluate the a priori hypothesis that posi-
tioning the tongue with slight pressure on the palate
would result in an increase in masseter muscle activity.
Focused contrasts showed a marginally significant dif-
ference between the tongue on the roof (TR) and tongue
on the floor (TF) periods with higher muscle activity
during the TR period; TR � 0.992 versus TF � 0.855,
P � .078. EMG and other physiological results are
displayed in Table I.

In contrast to the finding with the right masseter
muscle, the ANOVA for EMG activity in the suprahy-
oid muscle was highly significant for the effect of
period (Wilks’ Lambda (2,39) � 16.08, P � .001).
Repeated measures univariate analyses were significant
for suprahyoid muscle activity (F(2,39) � 17.56, P �
.001) across the 3 study periods. As predicted, focused
contrasts showed a much higher level of suprahyoid
muscle activity in the TR period compared with the TF
period; TR � 2.09 versus TF � 1.42, P � .001.

The ANOVA for EMG activity in the right tempo-
ralis muscle also indicated a significant effect for period
(Wilks’ Lambda (2,39) � 7.59, P � .002). Repeated
measures univariate analyses were significant for right
temporalis muscle activity (F(2,39) � 8.24, P � .001)
across the 3 study periods. As predicted, focused con-

trasts showed significantly higher muscle activity in the
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TR period compared with the TF period; TR � 1.35
versus TF � 1.18, P � .001.

The final muscle group tested was the left temporalis
muscle, which also indicated a significant effect for
period (Wilks’ Lambda (2,39) � 8.97, P � .001).
Repeated measures univariate analyses were significant
for left temporalis muscle activity (F(2,39) � 6.37, P �
.003) across the 3 study periods. As predicted, focused
contrasts showed significantly higher muscle activity in
the TR period compared with the TF period, TR � 1.34
versus TF � 1.13, P � .010.

Breathing rate
The overall ANOVA for breathing rate indicated a

significant main effect for period (Wilks’ Lambda (2,39) �
4.37, P � .02). This was followed by a repeated mea-
sures univariate analysis, which was significant for
breathing rate (F(2,39) � 4.48, P � .014) across the 3
periods. Focused contrasts showed significantly higher
breathing rate during the TR period compared with the
TF period, TR � 16.15 versus TF � 15.47, P � .023.

Heart rate and RMSSD
The overall ANOVA for heart rate was not signifi-

cant for the main effect for period (Wilks’ Lambda
(2,39) � 2.62, P � .086). As with the right masseter
results, repeated measures analyses were not completed
because no main effect was detected. The overall
ANOVA for RMSSD indicated a main effect for period
(Wilks’ Lambda (2,39) � 4.15, P � .023). The re-
peated measures univariate analysis was significant for

Table I. Electromyographic activity and breathing rate
Baseline Floor

Right masseter 0.95 (0.54) 0.86 (0.31)
Suprahyoid 1.62 (0.88) 1.42 (0.92)
Right temporalis 1.62 (0.94) 1.18 (0.71)
Left temporalis 1.46 (0.71) 1.13 (0.53)
Breathing rate 15.24 (2.79) 15.47 (2.10)

Standard deviation is denoted within parentheses. Cohen’s d notes
ANOVA was not completed for the right masseter data because no m
Breathing rate is shown in breaths per minute.
ANOVA, analysis of variance; EMG, electromyographic; -, no data f

Table II. Heart rate and HRV analyses
Baseline Floor

Heart rate 68.44 (11.16) 67.30 (10.80)
RMSSD 71.25 (44.53) 68.60* (40.67)

Standard deviation is denoted within parentheses. Cohen’s d notes
ANOVA was not completed for the heart rate data because no main
ANOVA, analysis of variance; HRV, heart rate variability; RMSSD, r
*Bold indicates increase in vagal tone compared with tongue positio
RMSSD (F(2,39) � 5.49, P � .006) across the 3 study
periods. Focused contrasts to evaluate the a priori hy-
pothesis that tongue position on the roof of the mouth
would be associated with lower RMSSD compared
with tongue position on the floor of the mouth was
significant, TR � 63.39 versus TF � 68.60, P � .016.
Heart rate and RMSSD values are displayed in Table II.

Current stage of menstrual cycle
Menstrual stage distribution for the female partici-

pants was as follows: menstruation (n � 1), prolifera-
tive phase (n � 4), ovulation (n � 0), and luteal phase
(n � 8). The remaining female participants (n � 10)
were taking oral contraceptives. Before the completing
the physiological analyses, participants in the luteal
phase were compared with the remaining female par-
ticipants on HR and RMSSD during all study peri-
ods. No significant differences were found between
the 2 female subgroups on HR or RMSSD, P’s greater
than .05.

DISCUSSION
The results of the study replicated and extended the

findings of 2 previous studies that demonstrated muscle
activation of temporalis and suprahyoid groups when
tongue position is maintained on the roof of the
mouth.8,9 Furthermore, the results of this study showed
that tongue position has a significant effect on heart rate
variability in that when the tongue was elevated to the
roof of the mouth there was a significant reduction in
cardiac vagal tone. This finding suggests that there is
integration between tongue activity and heart function

ated measures ANOVA
Roof F (2,39) P Cohen’s d

0.99 (0.49) — — 0.34
2.09 (1.12) 17.56 .001 0.65
1.35 (0.67) 8.24 .001 0.25
1.34 (0.65) 6.37 .003 0.36
6.15 (2.20) 4.48 .014 0.32

sizes between Floor and Roof conditions only. Repeated measures
ct was detected for the period. EMG values are shown in microvolts.

e analyses.

Roof F(2,39) P Cohen’s d

73 (11.374) — — 0.05
38 (37.82) 5.49 .006 0.10

sizes between Floor and Roof conditions only. Repeated measures
as detected for the period. Heart rate is shown in beats per minutes.

an square of successive differences; -, no data for these analyses.
of of mouth.
repe

1

effect
ain effe
66.
63.

effect
effect w
oot me
shown by the increase in muscle activity corresponding
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with a measureable change in heart function. It is clear
that instructions to place the tongue on the roof of the
mouth with slight pressure are not instructions that
bring about relaxation (i.e., reduction in sympathetic
activity) but rather promote small, but potentially im-
portant changes in overall activity as indexed by in-
creased muscle tone and reduced cardiac vagal tone.

Because there is evidence that even small increases
in muscle activity for extended periods can result in the
development of pain and dysfunction, the importance
of allowing the tongue to rest as frequently as possible
seems self-evident.10 The present findings replicate and
extend the results of earlier studies demonstrating re-
duced EMG activity in several muscle groups when the
tongue is resting on the floor of the mouth. Therefore,
instructions for helping individuals obtain a rest posi-
tion for muscles associated with the jaw should encour-
age the assumption of this rest position and not promote
a strategy whereby the tongue is placed up against the
palate.

There are numerous reports in the literature demon-
strating the importance of HRV as an index of self-
regulatory control.43-46 It has been found that higher
HRV is associated with higher self-regulatory ability
whether after a laboratory stressor or coping with dis-
tressing life events.43,46,47 Conversely, individuals with
low HRV appear to have reduced self-regulatory ability
after experiencing a stressor, as quantitatively indexed
by the sustained reduction in HRV indices during
post-stressor laboratory assessment.43 The difference
in HRV among individuals in laboratory assessments
does not appear to be attributable to one specific vari-
able, but instead is likely a multifactorial issue. It has
been suggested that cognitive (e.g., racing thoughts,
rumination) as well as behavioral (e.g., hyperventila-
tion) patterns may contribute to sympathetic activation
with the end result being a less adaptive functioning for
the autonomic nervous system.48,49 Thus, for individu-
als who regularly engage in a cognitive or behavioral
process associated with elevated sympathetic activity
and reduced cardiac vagal tone, an acute stressor may
result in faster, more intense, and more sustained
arousal. Findings from the present study suggest main-
taining the tongue on the palate with slight pressure
may be a contributing factor to increases in physiolog-
ical activation that were evidenced by the observed
decrease in cardiac vagal tone.

Our study design cannot provide direct evidence for
the contribution of sympathetic activity to the observed
changes in HRV owing to the use of the RMSSD index.
This HRV index is considered to be a quantitative index
of cardiac vagal tone. Further work in this area should
attempt to assess both sympathetic and parasympathetic

activity in the HRV spectrum by using frequency do-
main indices. Our study design used short-term ECG
recording, the length of which is not recommended for
frequency domain analyses that are required to examine
sympathetic and parasympathetic functioning more
closely.29 An additional possible limitation is the use of
self-report regarding tongue position. We did not use
technical sensors such as the one used by Takahashi et
al.9 to assess actual tongue position, but given the
pattern of physiological findings are consistent with
their work, it is reasonable to conclude that tongue
position was likely consistent with self-reports that
were obtained.

The design of the study was intended to minimize the
potential role that “normal” rest positions of the tongue
might have on muscle activity. We believe that the
findings in this study provide a consistent picture of
muscle activity increase when tongue position is main-
tained on the roof of the mouth. Given the attention to
rigorous experimental controls in order to rule out alter-
native interpretations, the present findings are likely a
reliable representation of muscle activity in the larger
population. Although it is the case that some individuals
may report that resting the tongue on the floor of the
mouth “doesn’t feel relaxed,” the evidence is consistent
that muscle activity is lowest when such a position is
maintained.8,9 What may be important to focus on with
such individuals is the necessary “internal recalibra-
tion” that is needed because they have become accus-
tomed to heightened muscle activity as a part of their
normal habit patterns. That is why if an individual
presents with pain or discomfort in the muscles of the
face and the tongue positioned against the palate, one of
the first lines of interventions may be to alter tongue
position to the floor of the mouth.3

In summary, the present study provides evidence that
tongue position influences both motor and cardiac vagal
activity in small, but significant and potentially impor-
tant ways. Researchers now have additional opportuni-
ties to explore the potentially far-reaching implications
of tongue position on self-regulatory functioning. Fur-
ther, clinicians have an opportunity to teach patients a
rest position of the tongue that truly fosters physiolog-
ical rest. It is hoped that the field of orofacial pain uses
this information in the service of patient care that is
based on the results of scientific study.

The authors thank the editor and reviewers for their
helpful comments on earlier versions of this manu-
script. We especially thank Dr. Peter Bertrand, Orofacial
Pain Center, Bethesda Naval Hospital, for his assist-
ance in providing information on central nervous sys-
tem control of tongue activity and its implications for

clinical outcomes.
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APPENDIX 1
Initial instructions:
“I’m going to ask you to move your tongue to the top

of your mouth and to the bottom of your mouth. We
will alternate position 4 times. Each time will last for 1
minute, and then I will tell you to move your tongue
again.

‘Up’ instructions:

“Begin by placing your tongue against the roof of
your mouth, near the top front teeth and make a click-
ing sound. Now maintain the front third of your tongue
against the palate with slight pressure until I tell you to
move it, so that the tongue stays comfortable at the roof
of the mouth. Also keep your lips and teeth slightly
apart so that the mouth stays in a relaxed position, and
close your eyes.”

‘Down’ instructions:
“Begin by placing your tongue on the floor of the

mouth. Make sure you are not pushing against the back
of the teeth. The tongue should stay comfortably on the
floor of the mouth. Just let the tip of the tongue ‘flop’
to the floor of the mouth and let it lie there until I tell
you to move it. Also, keep your lips and teeth slightly
apart so that the mouth is in a relaxed position, and

close your eyes.”
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