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Electromyographic activity during awake tooth grinding tasks
at different jaw posture in the sagittal plane
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Abstract
Objective.The goal of this study was to evaluate the electromyographic (EMG) activity of the anterior temporalis, suprahyoid,
infrahyoid and trapezius muscles during tooth grinding at different jaw posture tasks. Materials and methods. Participants
were 30 healthy subjects with natural dentition, bilateral molar support and incisive protrusive guidance. Bipolar surface
electrodes were located on the right side of the subject. EMG recordings were performed in the following tasks: (A) Eccentric
grinding from intercuspal position to protrusive edge-to-edge contact position; (B) concentric grinding from protrusive edge-
to-edge contact position to intercuspal position; (C) eccentric grinding from intercuspal position to the maximum voluntary
retrusive position; and (D) concentric grinding from the maximum voluntary retrusive position to intercuspal position. The
results were analyzed statistically by Friedman test and Wilcoxon signed rank-sum test. Results. EMG activity in the anterior
temporalis and infrahyoid muscles was significantly higher during task C than the other tasks. EMG activity in the suprahyoid
muscles was significantly higher during task C than task D. EMG activity in the trapezius muscle was significantly higher during
task C than tasks A and B. Conclusions. The higher EMG activity recorded in task C could become important when its
frequency, duration and magnitude are enough to exceed the adaptation capability of the individual.
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Introduction

Bruxism is defined as the actions of clenching and/or
grinding the teeth while awake or while asleep [1].
Tooth grinding is an activity of major concern for
dentists due to its many clinical implications: destruc-
tion of tooth structure [2], damage and/or fracture of
dental rehabilitation, exacerbation of temporoman-
dibular joint disorders and/or induction of temporalis
muscle tension, headache and grinding sounds that
may also interfere with the sleep of family or life
partners [3].
In contrast to sleep-related oral parafunctional

behaviours, little is known about awake oral parafunc-
tional behaviours [4]. To the author’s knowledge,
electromyographic (EMG) pattern of muscles inte-
grating the cranio-cervical-mandibular unit (CCMU)
during tooth grinding in the sagittal plane has not

been previously reported in the same subject with
incisive protrusive guidance. Moreover, Torisu
et al. [5] suggest that future studies using eccentric
and concentric grinding have to be done for a better
understanding of the physiology of CCMU.
The influence of the number and location of tooth

contacts on EMG activity of elevator muscles during
maximal voluntary clenching has been reported [6,7].
Masseter and sternocleidomastoid EMG activity
during protrusive tooth grinding has also been
reported [8]. However, little is known about the
EMG pattern of anterior temporalis, suprahyoid,
infrahyoid and trapezius muscles when the subject
is tooth grinding in protrusive or retrusive positions
either to or from intercuspal position (IP). Therefore,
this was the aim of this study, done in a healthy
subject, without altering his/her oral environment.
This knowledge will be the key to compare in a
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future study this EMG activity in patients with myo-
fascial pain.

Materials and methods

Subjects

The current study included 30 healthy subjects
(15 females and 15 males) within an age range of
18–30 years and with a mean age of 22 years. All
subjects had complete natural dentition (excluding
the third molars), bilateral Angle Class I, normal
overbite and overjet, protrusive incisive guidance,
no prior orthodontic treatment, no history of orofacial
pain or craniomandibular-cervical-spinal disorders
or oral self-report of bruxism (clenching or grinding),
no history of trauma or fractured teeth and no
large restorations that included an incisal edge or
one or more cusps. Nobody was on therapeutic
medication that could influence muscle activity.
Participants were students enrolled at the Dental
and Medicine School of the University of Chile.
The Institutional Review Board approved the study
protocol and informed consent was obtained from all
enrolled participants.
During the clinical static occlusal exam, Angle

Class I was defined as the mesiobuccal cusp of the
maxillary first permanent molar occluding in the
mesiobuccal groove of the mandibular first perma-
nent molar. During the clinical dynamic occlusal
exam, subjects were asked to bite in the intercuspal
position (IP) and then slide the mandible in a pro-
trusive excursion with upper and lower incisors in
contact position, without posterior occlusal contacts.
An expert and ad-hoc clinical training dentist per-

formed all the static and dynamic occlusal examina-
tions. The period during which the examiner selected
the subjects was 10 weeks.

Electromyography

Bipolar surface electrodes (BioFLEX: BioResearch
Associates, Inc., Brown Deer, WI) were located on
the right anterior temporalis, suprahyoid, infrahyoid
and trapezius muscles (Figure 1).
The skin area was cleaned with alcohol. The elec-

trodes were placed on the anterior temporalis muscle
1 cm above the zygomatic arch and 1.5 cm behind the
orbital border and the upper electrode was placed

1.5 cm over the lower electrode and parallel to the
main direction of muscle fibres [9]. The electrodes
were placed on the suprahyoid muscles following
the direction of the muscle fibres, according to the
technique described in previous studies [10]. For
infrahyoid EMG activity recordings, the electrodes
were placed on the anterior prominent part of the
thyroid cartilage, 1 cm laterally to the anterior median
line [11]. In the trapezius muscle the upper electrode
was fixed at the fourth cervical spine level (C4), 2 cm
laterally to the spinous process of that vertebra;
the lower electrode was fixed 1.5 cm below the vertical
line [12]. A surface ground electrode was attached to
the forehead.
The EMG signals were amplified (Model 7P5B

preamplifier, Grass Instrument Co. Quincy, MA),
rectified and integrated (time constant of 1 s) and
then recorded online in a computer exclusively for
the acquisition and processing of EMG signals. The
system was calibrated before each record.
EMG activity was recorded while the subject was in

the standing position, maintaining his/her stance with
feet at 10 cm apart, with his/her eyes open, looking
straight ahead and his/her head in the postural posi-
tion. Each subject underwent three EMG recordings
of anterior temporalis, suprahyoid- and infrahyoid and
trapezius muscles during the following tasks: (A)
Eccentric grinding from IP to protrusive edge-to-
edge contact position; (B) Concentric grinding from
protrusive edge-to-edge contact position to IP; (C)
Eccentric grinding from IP to the maximum voluntary
retrusive position; and (D) Concentric grinding from
the maximum voluntary retrusive position to IP.
The amplitude of EMG data to each given task was

normalized using the mean value obtained during
maximal voluntary clenching in IP, because it is the
more stable and common occlusal contact position.
During clenching in IP the subjects were instructed
to clench as hard as they could. The following IP
ratio [13] was used to normalize muscle activity:

IP ratio = EMG recorded during each grinding task /

                 EMG recorded during maximum clenchig in IP

In order to reproduce the same edge-to-edge protru-
sive contact position, a vertical mark was made on the
upper and lower right central incisors. To reproduce
the same retrusive contact position, a vertical mark
was also made on the upper and lower right first
premolar.
The recording tasks were demonstrated and

explained to each subject using stone dental casts.
Then, all individuals repeated the conditions at least
5-times prior to the recordings, while having the
subjects look into a mirror. During eccentric and
concentric grinding tasks, they were asked to grind
as hard as they could while they performed the move-
ment. The initial and final jaw positions were visuallyFigure 1. The electrodes are shown in position.
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checked during the EMG recordings. Before perform-
ing EMG recordings, the sequence of tasks was ran-
domized to assure similar basal EMG activity.
No trial lasted longer than 10 s. It is reported [14]

that muscle fatigue occurs in the masseter after 30 s of
isometric contraction (clenching), whereas 30 s of
combined concentric and eccentric contractions
(grinding) induce no fatigue. To avoid muscular
fatigue, a rest period of 1 min between each task
was allowed. In addition, a 3-min resting period after
each task change was included [15].
To obtain the average value of each curve, it was

measured every 0.1 s from the beginning to the end of
the recording by means of software specially designed
for this purpose. The mean value of the three curves
obtained for each subject at each task was used. Task-
to-task variability in the anterior temporalis muscle
was £20%; in the suprahyoid muscles it was £18%;
in the infrahyoid muscles it was £24%; and in the
trapezius muscle it was £22%.

Statistical methods

EMG activity recorded presented a non-normal
distribution of data (p < 0.05; Shapiro Wilk test);
therefore, overall comparison among tasks in each
muscle was made by Friedman test and the p-value
was obtained assuming chi-square distribution with 3�

of freedom (p < 0.05). The paired comparison of the
tasks in each muscle was made by the non-parametric
Wilcoxon signed rank-sum test. We computed
median and IQ range. The p-value for post-hoc
comparison was 0.0083 due to the fact that we
have done six comparisons (0.05/6). The data were
analyzed using SYSTAT 13�.

Results

Overall tasks comparison in the anterior temporalis
EMG activity showed a p-value of 0.000 (Friedman
test). EMG activity during task C was significantly
higher than tasks A, B and D. Activity during tasks B
and D were significantly higher than task A (Figure 2
and Table I).
Overall tasks comparison in the suprahyoid EMG

activity showed a p-value of 0.000 (Friedman test).
EMG activity during task C was significantly higher
than task D. The other comparisons did not show
significant differences (Figure 3 and Table I) (non-
parametric Wilcoxon signed rank-sum test).
Infrahyoid EMG activity during task C was signif-

icantly higher than tasks A, B and D. Activity during
task D was significantly higher than tasks A and B
(Figure 4 and Table I).
Trapezius EMG activity during task C was signifi-

cantly higher than tasks A and B. Activity during
task D was significantly higher than task A (Figure 5
and Table I).

Discussion

EMG activity was recorded during awake tooth
grinding because it has recently been shown that
during wake-time the subjects not only clench but
also grind their teeth [16,17].
EMG pattern activity recorded at different tooth

grinding jaw tasks in the muscles studied supports
the idea that there is a functional link between the
masticatory and cervical muscles, probably based on a
co-activation mechanism [18,19] and this is in agree-
ment with the concept of neuromuscular integrated
function in the CCMU.
The anterior temporalis muscle showed lower

EMG activity in task A. This could be the result of
the inhibition caused by neuromuscular mechanisms
of peripheral origin, mainly from periodontal recep-
tors (lower threshold of anterior teeth) and joint
receptors (higher TMJ load).
The major finding is that EMG activity in task C

was higher in the anterior temporalis and infrahyoid
muscles. This pattern matches, in part, with Berzin’s
[20] research, who found increased EMG activity in
the infrahyoid muscles during retrusive movements of
the jaw. It should be noted that this author did not
record EMG activity during maximal voluntary tooth
grinding, but only during jaw movements in different
directions.

Anterior temporalis muscle

Grinding tasks

DCBA

0.0

0.5

2.0

1.5

1.0

IP ratio

Figure 2. Box plot graph showing median and IQ range of anterior
temporalis EMG activity recorded during the following grinding
tasks: (A) eccentric grinding from intercuspal position (IP) to
protrusive edge-to-edge contact position; (B) concentric grinding
from protrusive edge-to-edge contact position to IP; (C) eccentric
grinding from IP to the maximum voluntary retrusive position; (D)
concentric grinding from the maximum voluntary retrusive position
to IP. IP ratio = EMG recorded during each grinding task/EMG
recorded during maximum clenching in IP.
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Higher EMG activity observed during task C is
probably due to its role in positioning and/or stabi-
lizing the skull, jaw and/or hyoid bone. This could be
explained based on the influence of different neuro-
muscular mechanisms both of peripheral (trigeminal,
lingual and cervical afferents) and central (vestibular
receptors and visual system) origin, which modulate
the discharge of the motor neuron pool controlling the
activity of the muscles studied [11,21].
From the point of view of the influence of trigem-

inal afferents during tooth grinding, it is important to
consider those from periodontal, muscles, mucosal,
lingual and joint receptors. Tooth grinding during jaw
posture task C means a change in the number and

location of the tooth contacts, implying a difference in
the periodontal area involved, with different density of
receptors and mechanosensitivity threshold [22]. It
also involves a change in muscle length and therefore
in the muscle spindle afferent discharge. In addition,
it involves a change in condylar position and joint
loading and, therefore, a change in afferent discharge
of the joint proprioceptors. It is well known that
sensory inputs from low-threshold orofacial proprio-
ceptors such as the muscle spindles [23,24] and
mechanoreceptors in the temporomandibular joint
[25] are important afferents in the regulation of motor
neuron pools, so one would have expected a change in
the afferents by changing jaw position, evidenced by a

Table I. Comparison of EMG activity recorded during tooth grinding tasks studied.

p-value

Anterior temporalis Suprahyoid Infrahyoid Trapezius

Task A vs Task B 0.000 * 0.614 NS 0.082 NS 0.028 NS

Task A vs Task C 0.000 * 0.023 NS 0.000 * 0.000 *

Task A vs Task D 0.000 * 0.719 NS 0.000 * 0.005 *

Task B vs Task C 0.003 * 0.018 NS 0.000 * 0.005 *

Task B vs Task D 0.082 NS 0.829 NS 0.002 * 0.032 NS

Task C vs Task D 0.002 * 0.000 * 0.002 * 0.021 NS

p-values were obtained by Wilcoxon signed-rank sum test; NS, p ‡ 0.0083; * p < 0.0083.

Suprahyoid muscle

Grinding tasks

DCBA

0

2

1

6

5

4

3

IP ratio

Figure 3. Box plot graph showing median and IQ range of supra-
hyoid EMG activity recorded during the following grinding tasks:
(A) eccentric grinding from intercuspal position (IP) to protrusive
edge-to-edge contact position; (B) concentric grinding from pro-
trusive edge-to-edge contact position to IP; (C) eccentric grinding
from IP to the maximum voluntary retrusive position; (D) concen-
tric grinding from the maximum voluntary retrusive position to IP.
IP ratio = EMG recorded during each grinding task/EMG recorded
during maximum clenching in IP.

Infrahyoid muscle

Grinding tasks

DCBA

1

15

5

10

IP ratio

Figure 4. Box plot graph showing median and IQ range of infra-
hyoid EMG activity recorded during the following grinding tasks:
(A) eccentric grinding from intercuspal position (IP) to protrusive
edge-to-edge contact position; (B) concentric grinding from pro-
trusive edge-to-edge contact position to IP; (C) eccentric grinding
from IP to the maximum voluntary retrusive position; (D) concen-
tric grinding from the maximum voluntary retrusive position to IP.
IP ratio = EMG recorded during each grinding task/EMG recorded
during maximum clenching in IP.
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change in EMG activity. Recently, Sowman et al. [26]
have presented experimental results showing that
psychophysical detection of mechanical changes in
force within the periodontium is modulated by the
dynamic status of the jaw.
Tooth-grinding implies adjusting and maintaining

a head-neck posture, which gives the elevator muscles
fixed and stable insertion in the skull. It is well known
that the tonic neck reflex plays a key role in the
achievement of an upright head-neck posture. Kraus
[27] suggests that the tonic neck reflex, based on the
input of neck proprioceptors, contributes to the
achievement of the final and most important head-
neck posture. In addition, a closely organized neu-
rophysiologic reflex relationship appears to exist
between the tonic neck reflex activity and trigeminal
reflex activity [28]. EMG activity output depends not
only on the result of the influence of trigeminal input
but also on the central neuromechanisms [29]. With
respect to the vestibular apparatus, it is well known
that it is the receptor detecting head position and
changes in space, therefore serving as one of the major
organs of equilibrium [30], which could influence the
motor neuron pools of the muscles studied. The
influence of the visual system must also be consid-
ered, because the subjects were asked to keep their
eyes open while the EMG recordings were performed.
It is well known that this system plays an important

role in the perception of head position and in the
co-ordination of eye, head and neck movements by
influencing the activity of the muscles integrating the
CCMU [27].
Greater EMG activity was recorded in task C,

which is a rare mandibular movement during tooth
grinding but could become important when its
frequency, duration and magnitude are enough to
exceed the adaptation capability of the individual.
Given the fact that this study was performed in

healthy subjects, the EMG results obtained are not
necessarily applicable to a group of bruxers with and
without jaw muscle pain or a group of patients with
myofascial pain.
The major finding of our study is the higher EMG

activity observed during eccentric grinding from
intercuspal position to the maximum voluntary retru-
sive position in the anterior temporalis and infrahyoid
muscles. This new knowledge can contribute to a
better understanding of the physiology of CCMU.
The EMG pattern observed suggests a further study
to replicate the finding in a sample of patients with
bruxism, miofascial pain and temporomandibular
disorders.

Acknowledgements

The authors sincerely thank the subjects who volun-
teered to participate in this study. We would like to
express our appreciation to BioResearch (Milwaukee,
WI) for the donation of the BioFlex: a Flexible
No-Gel EMG Electrode. This study was supported
by grants from Dentaid S.A., Chile.

Declaration of Interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.

References

[1] De Leeuw R. Orofacial pain guidelines for assessment, diag-
nosis, and management. 4th ed. Chicago: Berlin, London,
Tokyo, Sao Paulo, Prague, and Warsaw: Quintessence
Publishing; 2008. p 129–204.

[2] Könönen M, Klemetti E, Waltimo A, Ahlberg J, Evälahti M,
Kleemola-Kujala E, et al. Tooth wear in maxillary anterior
teeth from 14 to 23 years of age. Acta Odontol Scand 2006;64:
55–8.

[3] Lavigne GJ, Khoury S, Abe S, YamaguchI T, Raphael K.
Bruxism physiology and pathology: an overview for clinicians.
J Oral Rehabil 2008;35:476–94.

[4] Ohrbach R, Markiewicz MR, Mccall JR WD. Waking-state
oral parafunctional behaviors: specificity and validity as
assessed by electromyography. Eur J Oral Sci 2008;116:
438–44.

[5] Torisu T, Wanga K, Svensson P, De Laat A, Yamabe Y,
Murata H, et al. Does eccentric-exercise-induced jaw muscle
soreness influence brainstem reflexes? Clin Neurophysiol
2008;119:2819–28.

[6] Manns A, Miralles R, Valdivia J, Bull R. Influence of variation
in anteroposterior occlusal contacts on electromyographic
activity. J Prosthet Dent 1989;61:617–23.

Trapezius muscle

Grinding tasks

DCBA

2

0

1

3

4

9

7

8

5

6

IP ratio

Figure 5. Box plot graph showingmedian and IQ range of trapezius
EMG activity recorded during the following grinding tasks: (A)
eccentric grinding from intercuspal position (IP) to protrusive edge-
to-edge contact position; (B) concentric grinding from protrusive
edge-to-edge contact position to IP; (C) eccentric grinding from
IP to the maximum voluntary retrusive position; (D) concentric
grinding from the maximum voluntary retrusive position to IP. IP
ratio = EMG recorded during each grinding task/EMG recorded
during maximum clenching in IP.

Awake EMG recordings during grinding 921

A
ct

a 
O

do
nt

ol
 S

ca
nd

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

id
ad

 D
e 

C
hi

le
 2

21
9 

on
 0

1/
17

/1
4

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



[7] WangMQ, He JJ, Wang K, Svensson P. Influence of changing
occlusal support on jaw-closing muscle electromyographic
activity in healthy men and women. Acta Odontol Scand
2009;67:187–92.

[8] Venegas M, Valdivia J, Fresno MJ, Miralles R, Gutiérrez MF,
Valenzuela S, et al. Clenching and grinding: effect onmasseter
and sternocleidomastoid electromyographic activity in healthy
subjects. J Craniomandib Pract 2009;27:159–66.

[9] Fresno MJ, Miralles R, Valdivia J, Fuentes A, Valenzuela S,
Ravera MJ, et al. Electromyographic evaluation of anterior
temporal and suprahyoid muscles using habitual methods to
determine clinical rest position. J Craniomandib Pract 2007;
25:257–63.

[10] Winnberg A, Pancherz H. Head posture and masticatory
muscle function: an EMG investigation. Eur J Orthod
1983;5:219–27.

[11] Miralles R, Gutiérrez C, Zucchino G, Cavada G, Carvajal R,
Valenzuela S, et al. Body position and jaw posture effects on
supra- and infrahyoid electromyographic activity in humans.
J Craniomandib Pract 2006;24:98–103.

[12] Valentino B, Esposito L, Melito F. Rapporti funzionalie tra
muscoli masticatori e muscolo trapezio mediante la elettro-
miografia. Mond Odontostomatol 1987;29:55–9.

[13] Mizutzni H, Shinogaya T, Soneda K, Iso K, Ai M. Influence
of tooth contacts on masseter and temporal muscle activity.
Part I: total activity and its ratio to maximum biting activity in
intercuspal position (IP ratio). J Jpn Soc Stomatognasth Funct
1989;33:1062–71.

[14] Christensen LV, Mohamed SE. Contractile activity of the
masseter muscle in experimental clenching and grinding of
the teeth in man. J Oral Rehabil 1984;11:191–9.

[15] Campillo MJ, Miralles R, Santander H, Valenzuela S,
Fresno MJ, Fuentes A, et al. Influence of laterotrusive
occlusal scheme on bilateral masseter EMG activity during
clenching and grinding. J Craniomandib Pract 2008;26:
263–73.

[16] Klasser GD, Greene CS, Lavigne GJ. Oral appliances and the
management of sleep bruxism in adults: a century of clinical
applications and search for mechanisms. Int J Prosthodont
2010;23:453–62.

[17] Carra MC, Huynh N, Morton P, Pierre H, Rompre
Papadakis A, et al. Prevalence and risk factors of sleep bruxism

and wake-time tooth clenching in a 7- to 17-yr-old population.
Eur J Oral Sci 2011;119:386–94.

[18] Zafar H. Integrated jaw and neck function in man. Studies of
mandibular and head-neck movements during jaw opening
closing tasks. Swed Dent J Suppl 2000;143:1–41.

[19] Milanov I, Bogdanova D, Ishpekova B. The trigemino-cervical
reflex in normal subjects. Funct Neurol 2001;16:129–34.

[20] Berzin F. Electromyographic analysis of the sternohyoid mus-
cle and anterior belly of the digastric muscle in jaw move-
ments. J Oral Rehabil 1995;22:463–7.

[21] Aldana K, Miralles R, Fuentes A, Valenzuela S, Fresno MJ,
Santander H, et al. Anterior temporalis and suprahyoid EMG
activity during jaw clenching and tooth grinding. J Cranio-
mandib Pract 2011;29:261–9.

[22] Lobbezoo F, Sowman PF, Türker KS. Modulation of human
exteroceptive jaw reflexes during simulated mastication. Clin
Neurophysiol 2009;120:398–406.

[23] Yabushita T, Zeredo JL, Toda K, Soma K. Role of occlusal
vertical dimension in spindle function. J Dent Res 2005;84:
245–9.

[24] Yabushita T, Zeredo JL, Fujita K, Toda K, Soma K. Func-
tional adaptability of jaw-muscle spindles after bite raising.
J Dent Res 2006;85:849–53.

[25] Naito S, Ishida T, Kokai S, Fujita K, Shibata M, Yabushita T,
et al. Functional adaptability of temporomandibular joint
mechanoreceptors after an increase in the occlusal vertical
dimension in rats. Angle Orthod 2011;81:453–9.

[26] Sowman PF, Brinkworth RS, Türker KS. Threshold for
detection of incisal forces is increased by jaw movement.
J Dent Res 2010;89:395–9.

[27] Kraus S. Cervical spine influence on the craniomandibular
region. In Kraus SL, editors. TMJ disorders: management of
the craniomandibular complex. New York: Churchill Living-
stone; 1988. p 389–90.

[28] Sumino R, Nozaki S. Trigemino-neck reflex: its peripheral
and central organization. In Anderson DJ, Matthews B,
editors. Pain in the trigeminal region. Amsterdam-New
York: Elsevier/North-Holland Biomedical Press; 1977. p 365.

[29] Hellsing G. On the regulation of interincisor bite force in man.
J Oral Rehabil 1980;7:403–11.

[30] Lopez C, Blanke O. The thalamocortical vestibular system in
animals and humans. Brain Res Rev 2011;67:119–46.

922 A. D. Fuentes et al.

A
ct

a 
O

do
nt

ol
 S

ca
nd

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

id
ad

 D
e 

C
hi

le
 2

21
9 

on
 0

1/
17

/1
4

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


