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ABSTRACT: The purpose of this study was to determine the effect of canine guidance and group func-
tion on supra- and infrahyoid EMG activity in the lateral decubitus position at different jaw posture tasks.
The sample included 40 healthy subjects with natural dentition and bilateral molar support, 20 with bilat-
eral canine guidance and 20 with bilateral group function. An inclusion criterion was that subjects had to
be free of signs and symptoms of any dysfunction of the masticatory system. Bipolar surface electrodes
were located on the left supra- and infrahyoid muscles for EMG recordings. In the lateral decubitus posi-
tion, EMG activity was recorded in subjects with canine guidance or group function, during the following
jaw posture tasks: A. maximal clenching in the edge-to edge lateral contact position; B. grinding from
intercuspal position to edge-to-edge lateral contact position, and C. grinding from edge-to-edge lateral
contact position to intercuspal position. Supra- and infrahyoid EMG activity was not significantly different
with canine guidance or group function (mixed model with unstructured covariance matrix). Overall com-
parison of suprahyoid or infrahyoid EMG activity among the three jaw posture tasks studied showed a
significantly higher activity during jaw posture task A (clenching) than jaw posture tasks B and C (grind-
ing). Suprahyoid EMG activity was significantly higher during jaw posture task C than B, whereas
infrahyoid EMG activity did not present a significant difference between jaw posture tasks C and B.
These EMG patterns observed could be of clinical importance in the presence of parafunctional habits,
i.e., clenching and/or grinding. The neurophysiological mechanisms involved are discussed.

Dr. Rodolfo Miralles received his D.D.S.
degree in 1975 from the University of
Chile. He is a full professor and chief of
the Oral Physiology Laboratory, Bio-
medical Sciences Institute, Faculty 
of Medicine, University of Chile. 
Dr. Miralles is a member of the
International Association for Dental
Research and also an associate editor 
of the Chilean Odontology Journal.

Tooth contact during voluntary lateral movements
varies in regard to location and number. Such dif-
ferences are reflected in therapeutic techniques

through two well-known but opposing concepts: canine
protection, i.e., contact only between working-side max-
illary and mandibular canines, and group function, i.e.,
contacts between two or more pairs of opposing teeth on
the working side.1-4

Canine guidance and group function both occur in nat-
ural dentition.5-7 Currently, canine protected occlusion
and group function without balancing-side contact are
accepted as therapeutic occlusion for natural dentition.8, 9

Several studies10-19 compare the effect of canine guid-
ance and group function on anterior temporal, masseter
and sternocleidomastoid electromyographic (EMG)
activity. Some authors have found significantly lower
EMG activity with canine guidance than group function,
whereas other authors found no significant differences.
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So far, knowledge concerning the effect of ca-
nine guidance and group function on supra- and infrahy-
oid EMG activity is limited to a study performed by
Valenzuela, et al.20 who found no significant different
effect of canine guidance and group function on supra-
and infrahyoid EMG activity in the standing position.

It would be clinically relevant to know if one of these
laterotrusive occlusal schemes is more effective in order
to avoid no physiological muscle tension during lat-
erotrusive occlusal excursion, i.e., clenching or grinding
in the lateral decubitus position, which is one of the habit-
ual sleeping positions. Therefore, this study was aimed to
compare the effect of canine guidance and group function
on supra- and infrahyoid EMG activity in the lateral
decubitus position at different jaw posture tasks.

Materials and Methods

Subjects
The sample studied included 40 healthy subjects with

natural dentition, bilateral molar support, Angle Class I
molar relationship, normal overbite and overjet, no prior
orthodontic treatment, no history of orofacial pain or
craniomandibular-cervical-spinal disorders, no history of
trauma or fractured teeth, and no large restorations that
included an incisal edge or one or more cusps. None of
the subjects were on a therapeutic medication that could
have influenced muscle activity. Participants were
enrolled during July 2005 from students of the Dental
School of the University of Chile. The study was approved
by the Ethics Committee of the University of Chile and
signed informed consent was obtained from all subjects. 

During the clinical static occlusal exam, the Angle
Class I occlusion was defined when the mesiobuccal cusp

of the maxillary first molar occluded in the buccal groove
of the mandibular first permanent molar. During the clin-
ical dynamic occlusal exam, the subjects were asked to
bite in their habitual intercuspal position and then slide
the mandible to a right or left lateral excursion in tip to tip
cusps contact. The sample was classified according to the
contacts between the teeth on the working side into the
following two groups of 20 each (Figure 1):

1. Canine-guided occlusion: Canines in contact on the
working side and no occlusal contact on the non-
working side for both right and left lateral excursion
(11 females and nine males, mean age 21.1 years;
range from 18 to 28 years).

2. Group-function occlusion: Two or more teeth other
than canines in contact on the working side and no
contacts on the nonworking side for both left and
right lateral excursions (14 females and six males,
mean age 19.5 years; range from 18 to 25 years).

Two authors performed all of the examinations of the
static and dynamic occlusion. Agreement between both
examiners was needed for selecting the subject. The 
consistency in the clinical diagnosis across the examin-
ers was high, but when there was no agreement, the 
subject was excluded. The period during which the 
examiners selected the sample was continuous and 
lasted four weeks. 

Body Position
Subjects were placed in left lateral decubitus position

(head, neck and body were horizontally aligned, checked
by an operator standing approximately three meters from
the bed)21 (Figure 2). A Sleep Easy Pillow (Interwood
Marketing Groups, Ontario, Canada) was used to support
the head because a recent study showed that most of the

Figure 1
Clinical view of laterotru-
sive occlusal scheme
studied: bilateral canine
guidance (left top) and
bilateral group function
(left below).
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subjects (62%) preferred the more rigid support of this
pillow in comparison with other pillows.22 A special bed
and a Runnair Physio-Action mattress (Rosen S.A.C.I.,
Chile) were used. The light in the room was turned off,
and the subjects were asked to keep their eyes closed. 

Electromyography
EMG recordings were taken with the informed written

consent of each participant. Bipolar surface electrodes
(BIOTRODE No-Gel Electrodes, BioResearch, Inc.,
Milwaukee, WI) were used on the left suprahyoid and left
infrahyoid muscles (Figure 3). The skin area was cleaned
with alcohol. The electrodes were placed on the suprahy-
oid muscles following the direction of the muscle fibers,
according to the technique described in previous stud-
ies.23-25 For infrahyoid EMG activity recordings, the elec-
trodes were placed on the anterior prominent part of the
thyroid cartilage, one cm laterally to the anterior median
line.25,26 A surface ground electrode was attached to the
forehead. The EMG was amplified, integrated (time con-
stant 1800 msec), and then registered on a polygraph
(Nihon Kohden, Kogyo Co., Ltd., Tokyo, Japan), which
was calibrated both before and after each recording. Prior
to integration, the high frequency control on the amplifier
was turned off, and the time constant control set at 0.003
seconds. During recordings, the EMG was monitored
continuously using a Tektronix type 502 Dual Beam
Oscilloscope (Tektronix, Inc., Portland, Oregon).

Individuals underwent three IEMG recordings of the
left supra- and infrahyoid muscles during the following
jaw posture tasks: 

Task A: Static clenching in left edge-to-edge lateral con-
tact position with canine guidance or group function.
Task B: Grinding from intercuspal position to the left
lateral edge-to-edge contact position (with canine guid-

ance or group function).
Task C: Grinding from left lateral edge-to-edge contact
position (with canine guidance or group function) to
intercuspal position.
To reproduce the same edge-to-edge contact position

consistently, a vertical mark was made on the upper and
lower left canines.

The jaw tasks were shown to each subject and explain-
ed using dental casts. Then, all individuals repeated the
jaw tasks at least five times prior to the recordings, while
looking in a mirror. During maximal voluntary clenching,
individuals were instructed to bite as hard as they could.
During grinding, they were asked to grind heavily while
they performed the movement. The initial and final jaw
position was checked during the IEMG recordings.
Before performing the IEMG recordings, the sequence 
of conditions was randomized to assure similar basal
IEMG activity.

No trial lasted longer than ten seconds. It has been
reported27 that muscle fatigue occurs in the masseter 
after 30 seconds of isometric contraction (clenching),
whereas 30 seconds of combined concentric and eccen-
tric contractions (grinding) induce no fatigue. To avoid
muscular fatigue, a rest period of one minute between
each trial was allowed. In addition, a three-minute rest
period after each change of jaw task was included. 

On each trial, the total amplitude of EMG activity
(including tonic plus phasic activity) was measured in
periods of one second each and the mean value for each
curve was obtained. Mean value of the three curves
obtained for each subject at each jaw task was used. To
quantify the increase of vertical dimension from intercus-
pal position to lateral edge-to-edge contact position, hor-
izontal marks were made in the upper and lower left
canines (Table 1). A body mass index (BMI) was obtained

Figure 2
Subject in left lateral decubitus position with head supported.
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for each subject, dividing the weight (in kilograms) by
the square of the height (in meters). Age, gender and BMI
variables were used to check its possible influence on
muscle activity recorded.28

Statistical Analysis
Regression analysis for repeated measures between

EMG activity and each one of the explanatory variables
(age, gender, body mass index, and the increase in the
vertical dimension) was performed for suprahyoid as well
as for infrahyoid muscles. Only those explanatory vari-
ables that showed a significant effect on supra- and
infrahyoid activity were included in the mixed model
with an unstructured covariance matrix. The data were
analyzed using SAS, Release 8.1 (SAS Institute, Inc.,
Cary, NC).

Results

Figure 4 presents the group mean value of suprahyoid
IEMG activity during the laterotrusive occlusal schemes
studied. A tendency of higher activity with group func-
tion than canine guidance was observed in the three jaw
posture tasks studied. The effect of age, gender, and body
mass index (BMI) on supra- and infrahyoid IEMG activ-
ity was not significant and not included in the mixed
model with unstructured covariance matrix.

Table 2 shows that suprahyoid EMG activity was not
significantly different with canine guidance and group
function (p>.05). The change in vertical dimension
between the intercuspal position and left lateral edge-to-
edge contact position (with canine guidance or group
function) did not have a significant effect on suprahyoid
IEMG activity (p>.05). This table also shows the overall
comparison of suprahyoid EMG among the three jaw
posture tasks studied. EMG activity recorded during jaw

posture task A (static clenching in left edge-to-edge lat-
eral contact position) was significantly higher than during
jaw posture task B (grinding from intercuspal position to
left lateral edge-to-edge contact position) which was sig-
nificantly higher than during jaw posture task C (grinding
from left lateral edge-to-edge contact position to intercus-
pal position).

Figure 5 presents the group mean value of infrahyoid
EMG activity during the laterotrusive occlusal schemes
studied. A tendency of higher activity with group func-
tion than with canine guidance was observed in jaw pos-
ture tasks A and C, whereas an opposite tendency was
observed in jaw posture task B.

Table 3 shows that infrahyoid EMG activity was not
significantly different with canine guidance and group
function (p>.05). The change in vertical dimension
between the intercuspal position and left lateral edge-to-
edge contact position (with canine guidance or group
function) did not have a significant effect on infrahyoid
IEMG activity (p>.05). This table also shows the overall
comparison of infrahyoid EMG among the three jaw pos-
ture tasks studied. EMG activity recorded during jaw pos-
ture task A (static recording) was significantly higher
than during jaw posture tasks B and C (dynamic record-
ings), whereas activity recorded during dynamic record-
ings did not present a significant difference. 

Discussion

In the lateral decubitus position, supra- and infrahyoid
EMG activity was not significantly different with canine
guidance or group function, suggesting that both lat-
erotrusive occlusal schemes have a similar effect on
supra- and infrahyoid muscles to avoid physiological
muscle tension. This result agrees with a previous study20

performed in the standing position that found a similar

Figure 3
View of electrodes in position.
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Table 1
Characteristics of Studied Individuals

Group Function Canine Guidance
Age Weight    Height Age Weight     Height

Subject (yrs) Gender (kgs) (meters) BMI VD* Subject (yrs) Gender (kgs) (meters) BMI VD*
1 20 F 48 1.58 19.23 0.67 1 20 M 69 1.72 23.32 3.00
2 18 M 60 1.65 22.03 1.00 2 19 F 66 1.70 22.83 3.50
3 18 F 57 1.65 20.93 1.33 3 18 M 71 1.82 21.43 1.80
4 19 F 67 1.63 25.21 1.00 4 19 M 63 1.76 20.33 3.00
5 19 F 59 1.60 23.04 1.00 5 19 M 70 1.75 22.85 2.00
6 19 F 52 1.62 19.81 1.50 6 23 F 59 1.63 22.20 3.00
7 19 M 70 1.72 23.66 0.50 7 19 F 65 1.60 25.39 4.00
8 19 F 51 1.64 18.93 2.00 8 28 M 81 1.83 24.18 3.00
9 18 F 52.5 1.65 19.28 1.66 9 19 F 55 1.60 21.48 3.00

10 19 F 52 1.64 19.33 1.83 10 23 F 77 1.61 29.70 3.50
11 18 M 61 1.75 19.91 2.00 11 24 F 59 1.65 21.67 3.50
12 22 F 66 1.67 23.66 1.00 12 19 M 102 1.78 32.19 3.00
13 20 M 75 1.78 23.67 1.00 13 19 F 55 1.65 20.20 2.00
14 18 M 54 1.67 19.36 2.50 14 25 F 58 1.63 21.82 2.00
15 19 F 60 1.73 20.04 1.00 15 18 F 44 1.52 19.04 4.50
16 20 F 59 1.62 22.48 2.00 16 24 F 70 1.60 27.34 2.50
17 25 F 85 1.67 30.47 2.00 17 20 M 80 1.80 24.69 3.00
18 19 F 59 1.68 20.90 1.00 18 28 M 71 1.73 23.72 3.00
19 21 M 63 1.70 21.79 1.00 19 19 F 62 1.71 21.20 3.00
20 21 F 55 1.63 20.70 2.00 20 20 M 68 1.83 20.30 4.50

F: female; M: male
BMI: body mass index
VD*: change in vertical dimension between the intercuspal position and the left lateral edge-to-edge contact position (with 

canine guidance or group function)

Figure 4
Bar graph showing the group mean value of
suprahyoid EMG activity with canine guidance
and group function during the following jaw
posture tasks: A: clenching in the lateral edge-
to-edge contact position; B: grinding from
maximum intercuspation to lateral edge-to-edge
contact position; C: grinding from lateral edge-
to-edge contact position to maximum intercuspa-
tion.



MIRALLES  ET  AL. SUPRA-  AND  INFRAHYOID  EMG  ACTIVITY

APRIL  2007,  VOL.  25,  NO.  2 THE  JOURNAL  OF  CRANIOMANDIBULAR  PRACTICE 111

effect of both laterotrusive occlusal schemes on supra-
and infrahyoid muscles. 

The present study performed in the lateral decubitus
position and our previous work performed in the standing
position20 did not support the idea that canine guidance is
better than group function with respect to the effect on
supra- and infrahyoid EMG activity when large oral reha-
bilitation is required.

This study supports the idea that jaw stability during
maximal voluntary clenching or grinding is more impor-
tant than the type of occlusal scheme during laterotrusive
jaw excursion. This suggests the existence of complex
and not well-understood interactions within the cranio-
cervical-mandibular system.

The similar pattern of supra- and infrahyoid EMG
activity observed with both laterotrusive occlusal schemes
could be explained by a counterbalance of several periph-
eral and central neuromechanisms.29 In addition to the
trigeminal peripheral influences, i.e., from articular, mus-
cular, and periodontal receptors,30 the effect of other
influences must be considered, i.e., vestibular receptors,
and neck tonic reflex.29,31

The comparison of the overall EMG activity recorded
at different jaw posture tasks showed a significantly
higher activity in task A (static recording) than tasks B
and C (dynamic recordings) in the suprahyoid as well as
in the infrahyoid muscles. This could be due to the iso-
metric contraction of suprahyoid and infrahyoid muscles

Table 2
Comparison of Suprahyoid EMG Activity Adjusted by Vertical Dimension and Laterotrusive 

Occlusal Schemes Studied (Mixed Model with Unstructured Covariance Matrix)
EMG activity Coef. SD z p>|z| [95% conf. interval]
Vertical dimension -0.61 0.68 -0.89 0.374 NS -1.94 0.73
Group function 0.66 1.42 0.46 0.644 NS -2.13 3.45
Jaw posture task B -4.07 0.51 -7.91 0.000** -5.08 -3.06
Jaw posture task C -2.45 0.51 -4.76 0.000** -3.46 -1.44
Constant 8.96 2.18 4.10 0.000 4.68 13.24

Occlusal scheme reference: canine guidance
Jaw posture reference: task A
Task B vs. Task C = **
**p<0.01; NS: not significant

Figure 5
Bar graph showing the group mean value of
infrahyoid EMG activity with canine guid-
ance and group function during the follow-
ing jaw posture tasks: A: clenching in the
lateral edge-to-edge contact position; 
B: grinding from maximum intercuspation
to lateral edge-to-edge contact position; 
C: grinding from lateral edge-to-edge
contact position to maximum intercuspation.
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to fix the position of the hyoid bone, whereas isometric
contraction of elevator muscles fixes the position of the
jaw.20 This EMG pattern observed could be of clinical
importance in the presence of clenching parafunctional
habits, depending on their intensity, frequency and dura-
tion. It is has been shown that static contractile activity 
of the mandibular elevator muscles produces high levels
of isometric tension and could lead to masseter muscle
fatigue in about 30 seconds.27 Contingent on the level of
the generated force and the duration of the isometric 
contractions, static activities give rise to fatigue and
pain.32

A different EMG activity behavior was observed in
both muscular groups during dynamic recordings in the
lateral decubitus position. Suprahyoid EMG activity
recorded during jaw posture task C was significantly
higher than jaw posture task B, whereas infrahyoid 
EMG activity was similar in both jaw posture tasks. This
EMG pattern suggests a differential modulation on motor
neuron pools of the supra- and infrahyoid muscles 
of peripheral and/or central origin.20,25,33 Probably, during
a dynamic laterotrusive movement in the lateral decubi-
tus position, in addition to the trigeminal peripheral 
influences, it must be considered the effect of other in-
fluences, i.e., vestibular receptors, neck tonic reflex, and
skin receptors of the body. These inputs should have a
more predominant influence on the motoneuron pools of
the infrahyoid than the suprahyoid muscles, because
suprahyoid EMG patterns in the lateral decubitus posi-
tion were similar to those observed in a previous work
performed in the standing position.20 Supra- and infrahy-
oid EMG patterns observed during dynamic jaw posture
tasks could be important in the presence of grinding para-
functional habits, depending on their intensity, frequency
and duration.

Final Considerations 

In the present study, the effect of canine guidance and
group function on supra- and infrahyoid EMG activity in
the lateral decubitus position at different jaw posture
tasks was evaluated in each subject without altering
his/her oral environment.19,34 Experimentally gained data
about co-activation of the supra- and infrahyoid muscles
during jaw posture tasks studied promote a better under-
standing of the control strategies of the motor system.35

From an overall point of view, knowledge concerning
supra- and infrahyoid EMG patterns during laterotrusive
occlusal schemes at different jaw posture tasks is impor-
tant because of the significant role of these muscles in the
mandibular dynamics. They are directly or indirectly
involved in mastication, speech, swallowing, and breath-
ing.33,36-40

The results of the present study illustrate that there is a
close association between the jaw posture tasks and the
action of the supra- and infrahyoid muscles. 

The major clinical finding of this study is the higher
activity observed during task A (static recording) than in
tasks B and C (dynamic recordings). Therefore, in the
presence of clenching habits in the edge-to edge lateral
contact position, depending on the intensity, frequency,
and duration of the parafunctional habit, it could mean
clinical muscular symptoms in the supra- and infrahyoid
muscles, once the physiological adaptation mechanisms
are overridden. 
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Table 3
Comparison of Infrahyoid EMG Activity Adjusted by Vertical Dimension and Laterotrusive 

Occlusal Schemes Studied (Mixed Model with Unstructured Covariance Matrix)
EMG activity Coef. SD z p>|z| [95% conf. interval]
Vertical dimension -0.21 0.20 -1.01 0.310 NS -0.60 0.19
Group function -0.14 0.42 -0.32 0.747 NS -0.97 0.70
Jaw posture task B -0.40 0.20 -2.02 0.044* -0.78 -0.01
Jaw posture task C -0.39 0.20 -1.99 0.047* -0.77 -0.01
Constant 2.44 0.65 3.73 0.000 1.16 3.73

Occlusal scheme reference: canine guidance
Jaw posture reference: task A
Task B vs. Task C = NS
*p<0.05; NS: not significant
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