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ABSTRACT
Objective: The aim of this study was to determine the activity of the masseter and anterior temporalis muscles in
relation to different positions of the upper cervical spine during maximal voluntary isometric clenching by surface
electromyography (EMG).
Methods: This was a cross-sectional study with a repeated-measures design performed using 25 asymptomatic
subjects (13 female and 12 male; mean age, 31 years; SD, 8.51). The EMG activity of the masseter and anterior
temporalis muscles was recorded bilaterally during maximal clenching at neutral position and during extension,
flexion, ipsilateral lateral flexion, contralateral lateral flexion, and ipsilateral and contralateral rotations in maximal
flexion. In addition, the upper cervical range of motion and mandibular excursions were assessed.
The EMG activity data were analyzed using a 3-way analysis of variance in which the factors considered were upper
cervical position, sex (male and female), and side (right and left), and the hypothesis of importance was the interaction
side x position.
Results: The 3-way analysis of variance detected statistically significant differences between the several upper
cervical positions (F = 13.724; P b .001) but found no significant differences for sex (F = 0.202; P = .658) or side
(F = 0.86; P = .53) regarding EMG activity of the masseter muscle. Significant differences were likewise observed for
interaction side x position for the masseter muscle (F = 12.726; P b .001). The analysis of the EMG activity of
anterior temporalis muscle did not produce statistically significant differences (P N .05).
Conclusion: This preliminary study suggests that the upper cervical movements influence the surface EMG activity
of the masseter muscle. These findings support a model in which there are interaction between the craniocervical and
the craniomandibular system. (J Manipulative Physiol Ther 2012;35:308-318)

Key Indexing Terms: Cervical Vertebrae; Craniomandibular Disorders; Masticatory System; Masseter Muscle;
Temporal Muscle; Range of Motion
There is evidence supporting the close association of
the craniocervical and craniomandibular systems,
which are connected in clinical/functional, biome-

chanical, neuroanatomical/physiologic, and neurodynami-
cal ways.1 Studies have investigated the influence of the
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craniocervical system on the craniomandibular system and
vice versa.2-11

Stiesch-Scholz et al2 demonstrated in a blinded, case-
control study that patients with temporomandibular
disorders (TMDs) experience more silent (noncomplaint)
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cervical disorders than do healthy subjects. Among TMD
patients, the cervical range of motion (CROM) was
limited compared with a healthy control group, and the
tenderness of cervical muscles was heightened.

These findings are supported byDe Laat et al,3 who found
limited segmental movements and more tender points in the
cervical muscles of TMD patients than in healthy subjects.

Depending on head position, the mandible changes its
pathway during mouth opening. As the head bends forward,
the closing path approaches the maximum intercuspal
position from the anterior region, and when the head is bent
backward, the closing path approaches the maximum
intercuspal position from the posterior region.4

La Touche et al 12 studied the influence of the
craniocervical posture on mouth opening and pressure
pain threshold of masticatory muscles. They observed
significant differences between each of the 3 studied head
postures, supporting a relationship between the craniocer-
vical region and the dynamics of the temporomandibular
joint (TMJ) as well as an influence on trigeminal
nociceptive processing.

These results were confirmed by Visscher et al,5 who
additionally measured the intraarticular distance in the TMJ
and concluded that there is a close association with head
posture (extension, flexion, and lateral flexion).

The movements and activities of the jaw and cervical
spine are coupled spatiotemporally: during mouth opening
and chewing, the cervical spine extends simultaneously
with the onset of jaw depression. Among whiplash patients,
this comovement is disturbed; the head moves in a delayed
pattern with less amplitude.6 Using cephalometric mea-
surements, Rocabado7 showed that the position of
mandible and hyoid bone depends on the curvature of the
cervical spine.

The influence of the position of the head on the EMG
activity of the masseter muscle when the mandible is at rest
was reported by Forsberg et al.8 He determined that muscle
activity increases significantly for 10° and 20° extension of
the head in healthy subjects.

Experimental animal studies have revealed an interac-
tion between the craniofacial and cervical afferent fibers via
the convergence of trigeminal nucleus and the upper
cervical nociceptive neurons, which form a functional
unit: the trigeminocervical complex.13,14 This is particular-
ly the case in the ophtalmic part of the trigeminal nerve
where it reaches the pars caudalis of the trigeminocervical
nucleus. Therefore, it is assumed that a treatment directed at
the cervical spine may relieve headache and pain in the
facial or orbital regions.15-17

A study by Hu et al10 was carried out in 19
anesthetized rats and showed that the EMG activity of
jaw and neck muscles could be increased significantly by
injection of the inflammatory irritant mustard oil into
deep paravertebral tissues surrounding the C1-3 vertebrae.
Neural structures are influenced by upper cervical flexion,
which leads to the elongation of the medulla oblongata,
as shown by magnetic resonance imaging.11 Therefore,
von Piekartz18 suggests that a nerve mobility test
examining the upper neck and mandibular movements
may provoke symptoms in the craniofacial and cranio-
cervical region.

As shown in a large study by Kogawa et al,19 the
maximum isometric bite force is reduced in TMD patients
compared with healthy subjects. Ferrario et al20 found a
nearly linear relationship between the EMG of the
masticatory muscles and bite force. It has been reported
that TMD patients have more neck dysfunction than do
controls.2,3 In a recent randomized, controlled trial, von
Piekartz and Ludtke demonstrated that neuromusculoske-
letal manual therapy of the craniomandibular region added
to the typical cervical manual therapy provided to patients
with chronic cervicogenic headache led to a reduction in
headache intensity as well as an improvement in cervical
function and mobility compared with those patients who
only received cervical therapy.21

In their clinical examinations and considerations,
practitioners such as dentists, physiotherapists, or manual
therapists may neglect the less familiar systems, which for
the dentists is the cervical spine and for the manual and
physical therapists is the craniomandibular system,
although there is evidence regarding the interactions
of these systems. However, the number of patients
receiving combined occlusion and postural treatment
may be increasing.22

Despite the fact that there is broad investigation on this
topic, more research is required because a lack of
understanding persists. Thus far, EMG studies that have
investigated the interaction between the cervical spine and
the masticatory system have depended on the measurement
of basic tonus rather than on functional or maximal
clenching.8 Furthermore, in studies that have evaluated
the interactions between the cervical spine and the
craniomandibular system with EMG or other biomechan-
ical devices, the cervical movements and positions have
been limited to flexion or extension3,8,20; neither lateral
flexion or rotation nor specific movements or positions of
the upper cervical spine have been examined. These
movements are generated by upper cervical muscles
innervated by the upper cervical nerves; neck rotation itself
is generated mainly by the upper cervical spine; and in
addition, from an anatomical point of view, the upper
cervical spine has a great influence over the trigeminal
nucleus caudalis. This relationship encouraged us to
investigate the impact of different head positions on
masticatory muscles.

The association between different positions of the upper
cervical spine and the EMG activity of masticatory muscles
has not yet been demonstrated. Therefore, the purpose of
this study was to investigate the influence of different
positions of upper cervical spine (flexion, extension, lateral
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flexion, and flexion plus rotation) on the EMG of surface
masseter and anterior temporalis muscles among healthy
subjects during maximal clenching.
METHODS

Subjects
The 25 participating volunteers involved in this study

consisted of a sample of 12 asymptomatic males (48%) and
13 asymptomatic females (52%). Patients were recruited
from 2 private physical therapy clinics in Munich
(Germany) according to the inclusion/exclusion criteria
described below.

Inclusion criteria stipulated that participants had to be at
least 18 years old and free of cervical pathology at least for
the last 6 months. Among the exclusion criteria is
craniomandibular dysfunction assessed by Axis 1 of the
Research Diagnostic Criteria for Temporomandibular
Disorders (RDC/TMD),23 which includes (1) myofascial
pain with or without reduced mouth opening; (2) disc
displacement with or without disc replacement; and (3)
arthralgia, osteoarthritis, and osteoarthrosis. Other exclu-
sion criteria were having dental diseases, tumors, mental
disorders, and rheumatic diseases.

Each participant received a thorough explanation about
the content and purpose of the research before signing an
informed consent relative to the procedures, which were
approved by the ethics committee of the Bavarian
Ärztekammer in accordance with the Helsinki Declaration.
Study Design
A cross-sectional study with a repeated-measures design

was carried out during a 1-day session. All subjects received
a clinical examination of the craniomandibular system,
measurement of the range of motion of the upper cervical
spine, and assessment of the EMG activity of the masticatory
muscles (surface masseter and anterior temporalis muscles)
in different positions of the upper cervical spine.
Instrumentation
Mandibular excursions were measured following the

RDC/TMD protocol. Upper cervical movements were
measured using the CROM device. In addition, the surface
EMG was recorded at different points along the masticatory
muscles. All the assessments were performed by a physical
therapist trained and experienced in neuromusculoskeletal
assessment and therapy of the head, face, and neck region
(Cranio Facial Therapy Academy).
Measurement of Mandibular Excursions
Mandibular excursions were measured using a metal

ruler in the upright posture position of the mandible.1
The movements measured were maximal assisted and
unassisted mouth opening, overbite, lateral excursions,
and protrusion.
Measurement of Upper Cervical Range of Movements
Extension, flexion, lateral flexions, and rotational

movements of the upper cervical spine were measured
with a CROM device (Performance Attainment Associates,
St Paul, MN). This instrument is attached to the subject's
head and is equipped with 3 inclinometers, 1 for each plane
of motion: one in the sagittal plane for flexion-extension,
another in the frontal plane for lateral flexions, and the third
one a compass-like inclinometer that is stabilized by
magnets secured around the subject's neck, in the horizontal
plane for rotation. These inclinometers are attached to a
plastic frame resembling eyeglasses. The inclinometers are
marked in 2° increments.

Several studies have reported moderate to excellent
intrarater and interrater reliability and moderate to excellent
validity.24-27
Electromyography Recording
An EMG system (Myosystem 1400I; Noraxon USA,

Inc, Scottsdale, AZ) was used for surface EMG recordings.
The device had no notch (50/60 Hz) filters. The first-order
high-pass filter was set to 10 Hz ± 10% cutoff and had
eight-order Butterworth low-pass filters of 1000 Hz ± 2%
cutoff. The value for common-mode rejection was over
100 dB and input impedance higher than 100 MOhm. The
recordings were conducted with at a frequency of 1000 Hz.

The electrodes were disposable, self-adhesive Ag/AgCl
dual-snap electrodes. The dimensions of the figure 8-shaped
adhesive area were 4 × 2.2 cm. The diameter of each of the
2 circular conductive areas was 1 cm, with an interelectrode
distance of 2 cm.

Despite the influence of factors including changes in
head and body posture, skin resistance, temperature and
humidity, as well as muscle fatigue, emotional factors,
topographical location of the electrodes over the muscle
area, and the removing and replacing of the electrodes on
the reliability and reproducibility of surface EMG,28,29

several studies have reported good to excellent reliability
and reproducibility for this technique.30-32
PROCEDURE

Mandibular Excursions
For the measurement of mandibular excursions, subjects

sat in a chair at approximately a 90° angle to the examiner
with the jaw muscles in a passive state. The examination
was conducted based on the Axis 1 RDC/TMD for vertical
range of motion and excursions.23
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To obtain the real values of the excursions, the
measurements of overbite, overjet, and midline deviation
were included to allow corrections to absolute measurements.

For mouth opening, the amount of overbite was added;
for lateral excursions and protrusion, midline deviation and
overjet were taken into account.
Upper Cervical Range of Movement
Six end-of-range positions (extension, flexion, left/right

lateral flexion, flexion plus rotation left/right) and the
neutral position of the upper cervical spine33-35 were
measured as follows.

After the placement of the CROM device, subjects were
seated in an upright position on a chair resting with their
trunk to the wall, arms hanging down and feet flat on the
floor. While keeping the sacrum and thoracic spine in
contact with the wall, the measurement was conducted after
a warm-up phase of the triplicate repetition of each position
to make the participant familiar with the procedure.

• Neutral position: The subject was asked to lean his
head relaxed to the wall.

• Extension of upper cervical spine: The subject was
instructed to move his head maximally upwards while
maintaining contact between his head and the wall.

• Flexion of upper cervical spine: The subject was
instructed to move his head maximally downward
while maintaining contact between his head and
the wall.

• Lateral flexions: Ipsilateral and contralateral lateral
flexions were performed as left/right lateral flexion of
the upper cervical spine (ipsilateral and contralateral
performed as a bend of the head toward and away from
the assessed side by surface EMG, respectively). The
subject was instructed tomove his headmaximally to the
side (left/right) while imagining an axis from the nose to
the middle of the back of the head and maintaining
contact between his head and the wall. Because of the
difficulty of performing this movement on the subject's
own, the assessor guided the movement.

• Rotations: Ipsilateral and contralateral rotation were
performed as a flexion of the cervical spine plus left/
right rotation (ipsilateral and contralateral performed as
a turn of the head toward and away from the assessed
side by surface EMG, respectively). The subject was
asked to bend his head maximally forward, losing
contact with the wall. While the assessor fixed the head
slightly in flexion so as to not lose maximal flexion,
participant was told to rotate his head maximally to the
left. The same procedure was repeated, with the subject
rotating his head maximally to the right.

For all positions, the subjects were asked to maintain
contact between the sacrum and thoracic spine and the wall
until reaching the end-of-range position. When contact with
wall or the appropriate plan was lost, the assessor interfered
and corrected the subject's movement by manually guiding
the head. Each position was measured twice, and the mean
was noted.

Values were noted according to the following formula:

Total range of motion

= end of range position − neutral position:

Surface EMG Activity of Masseter and Anterior Temporalis
The attachment of electrodes was carried out in

accordance with the Surface ElectroMyoGraphy for the
Non-invasive Assessment of Muscles guidelines, from the
Biomedical Health and Research Program (BIOMED II) of
the European Union. The subject's skin was shaved and
cleaned with alcohol, and electrodes were placed along the
muscle fiber's direction on the left and right bellies of the
surface masseter and anterior temporalis muscles and
properly fixed with elastic tape so that movement was not
hindered and the cables were not pulling the electrodes.

Location of the reference electrode was the spinous
process of C7. Each subject's skin resistance was below
5 kOhm.

After the electrodes were attached, the subject was
seated on a chair as described above. At each of the above-
described and measured end-of-range positions of the upper
cervical spine, the participant was asked to perform 4
maximal clenches of approximately 3 seconds in the
maximal intercuspal position, with pauses of 10 seconds
between the clenches (see Fig 1). The first clench was a
practice trial; the other 3 clenches were recorded. To avoid
fatigue between the measurement of each position, a pause
interval of 2 minutes was included.

Data were collected and processed using clinical
applications software from Noraxon MRXP 1.06 (Noraxon
USA, Inc). The recorded raw EMG signals (peak) of the 3
clenches were rectified, smoothed with a root mean square
algorithm of 50 milliseconds, time normalized, and
averaged. The results of the maximal voluntary isometric
contraction (MVIC) were recorded in microvolt (μV).
Statistics
Statistic analysis was performed with the SPSS version

15.0 package (Statistical Packages for Social Sciences; SPSS,
Inc, Chicago, IL). The general data for each subject (age,
height, weight, maximal jaw excursions, and cervical range
motions) and the results are expressed as mean, standard
deviation (SD), and 95%confidence interval. AKolmogorov-
Smirnov test was used to determine whether the primary
outcome variables (EMG activity, maximal mandibular
excursions, and upper cervical range movements) met normal
distribution (P N .05). The Student t test was used for the sex



Table 1. Descriptive statistics of the mandibular excursions in millimeters

Max unassisted opening Max assisted opening Overbite Right lateral excursion Left lateral excursion Protrusion

Female 46.8 ± 3.2 (43-53) 50.4 ± 3.7 (47-57) 2.9 ± 1.4 (1-6) 9.4 ± 2 (6-13) 9.3 ± 2.4 (6-13) 6.5 ± 1.8 (1-10)
Male 51.5 ± 5 (42-59) 54.7 ± 5.8 (44-64) 2.6 ± 1.7 (0-5) 10.5 ± 2.2 (7-15) 9.3 ± 2 (7-14) 7 ± 1.6 (2-10)
P .01 ⁎ .03 ⁎ .69 .20 .29 .20

Scores are expressed as mean ± SD; range (minimum-maximum).
⁎ Statistically significant according to Student t test (P b .05).

Table 2. Descriptive statistics of the upper cervical range of movements in degrees

Rest Extension Flexion Right lateral flexion Left lateral flexion Right rotation Left rotation

Female 6.3 ± 4.5 (−2-16) 37 ± 5.7 (28-54) 12.3 ± 2.9 (4-16) 32.6 ± 5.4 (27-38) 31 ± 4.1 (27-37) 32.6 ± 5.4 (25-42) 32.4 ± 3.7 (20-40)
Male 8.5 ± 6.9 (−3-20) 32.7 ± 5.9 (19-49) 13.3 ± 5.8 (5-23) 27 ± 6.4 (22-35) 27 ± 5.6 (20-38) 27 ± 6.4 (18-38) 28.5 ± 4.3 (19-35)
P .35 .16 .4 .006 ⁎ .02 ⁎ .02 ⁎ .051

Scores are expressed as mean ± SD; range (minimum-maximum).
⁎ Statistically significant according to Student t test (P b .05).

Fig 1. Representation of the head positions performed by upper cervical movements. A, Neutral position. B, Extension position. C
Flexion position. D, Lateral flexion. E, Rotation position (as cervical flexion plus rotation).
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comparison. The analysis of EMG activity data was done by
3-way analysis of variance (ANOVA) with the following
factors: position (neutral position, extension, flexion, right
and left lateral flexion, and right and left rotations in maximal
cervical flexion), sex (male and female), and side (right and
left). For the ANOVA, the hypothesis of importance was the
interaction side x position. Post hoc comparisons were
conducted with the Bonferroni test.

To assess the relationship between maximal mandibular
excursions, maximal upper cervical range of movement,
and EMG-activity, a Pearson correlation was conducted.
The analysis was conducted at 95% confidence interval, and
P b .05 was considered to be statistically significant.
RESULTS

Subject Description
All analyzed data achieved a normal distribution as

confirmed by the Kolmogorov-Smirnov test (P N .05). The
mean age for the group of 25 subjects was 31 years (range,
18-48 years; SD, 8.51years), the mean height was 174 cm
,

(range, 156-191 cm; SD, 10.07 cm), and the mean weight
was 71 kg (range, 50-95 kg; SD, 12.00 kg).

Student t test revealed significant differences between
male and female subjects in assisted and unassisted
maximal mouth opening as well as right and left lateral
flexions and right rotation (P b .05). Values for mandibular
excursions are shown in Table 1. Data for the upper cervical
range of movements are presented in Table 2.
Surface EMG Activity
The mean EMG values for the right and left masseter and

anterior temporalis muscles are presented in Table 3.
The range of cervical movements was not correlated

with the level of EMG activity in any of the described
positions (P N .05, Pearson correlation ranged from 0.27 to
0.04), indicating that subjects with more cervical mobility
did not have a significantly altered EMG activity.

Sexdidnothaveany impacton the results.Menandwomen
did not show significant differences in the EMG activity of
the masseter (F = 0.202; P = .658) or anterior temporalis
muscles (F = 0.785; P = .385) in any of the head positions.



Table 3. Absolute mean EMG values of the surface of right and left masseter and anterior temporalis muscles in microvolts

Neutral Extension Flexion Right lateral flexion Left lateral flexion Right rotation Left rotation

Left masseter 180.2 ± 100.9 181.7 ± 101.6 129.9 ± 74.3 176.7 ± 101.3 124.1 ± 60.9 120.3 ± 62.9 150.8 ± 77.1
Right masseter 179.4 ± 101.2 190.5 ± 101.5 126.2 ± 62.7 131.9 ± 61 165.4 ± 73.4 137.2 ± 59 116.3 ± 56.3
Left anterior temporalis 106.2 ± 51 98.9 ± 43.8 94.4 ± 42.3 100.3 ± 42.5 96.2 ± 46.2 95.4 ± 49.5 98.7 ± 44.2
Right anterior temporalis 107.1 ± 54 97.9 ± 46.9 99.7 ± 49.7 99.8 ± 50.7 98.8 ± 44.1 103.8 ± 50 98.2 ± 53.2

Scores are expressed as mean ± SD.

0

50

100

150

200

250

extensionneutral flexion right lateral
flexion

right rotation left rotationleft lateral
flexion

extensionneutral flexion right lateral
flexion

right rotation left rotationleft lateral
flexion

R
M

S
 o

f 
M

V
C

 (
µµV

)

0

50

100

150

200

R
M

S
 o

f 
M

V
C

 (
µV

)

A

B

Masseter

Anterior temporalis

Masseter

Anterior temporalis

*
*

*

**
*

Fig 2. Means of EMG activity of MVC in the different upper cervical positions of the masticatory muscles. Error bar represents 95%
confidence interval. A, Right masseter and right anterior temporalis muscles. B, Left masseter and left temporalis muscles. Asterisk
represents the results of Bonferroni test of neutral head position compared with the other head positions (P b .05).

313Ballenberger et alJournal of Manipulative and Physiological Therapeutics
Upper Cervical Position and EMG ActivityVolume 35, Number 4
The 3-way ANOVA determined that there were
significant differences regarding factor position for the
masseter muscle (F = 13.724; P b .001) but not for the
anterior temporalis muscle (F = 1.517; P = .177).

The values for the EMG activity of the right and left
surface masseter muscles as well as right and left anterior
temporalis muscles did not vary significantly because side
factor did not produce significant differences for either
muscle (masseter [F = 0.068; P = .796], anterior temporalis
[F = 0.145; P = .707]). However, there were significant
differences in the interaction side x position (F = 12.726;
P b .001); a different EMG activity was observed on the
right and left masseter depending on the head position. This
was not the case for anterior temporalis muscle, where side
x position interaction did not show significant differences
(F = 1.150; P = .337), and the EMG activity of anterior
temporalis muscle was not changed significantly by the
head position.

The post hoc analysis for masseter muscle (right and left
together) with regard to the position factor showed that
there was a difference between neutral head position and
flexion (P = .001), neutral and left lateral flexion (P = .030),
and neutral and right lateral flexion (P = .027). Similarly,
differences were found when flexion and extension

image of Fig�2
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positions were compared (P b .001), but not between left
and right lateral flexions (P N .05) or between left and right
rotations (P N .05).

However, the post hoc analysis of the right masseter
data for side x position factors revealed significant
changes in the EMG activity when neutral position was
compared with right lateral flexion (ipsilateral lateral
flexion) (P = .027) compared with left rotation (contra-
lateral rotation) (P = .001) and compared with flexion
position (P = .004), represented in Figure 2A. In addition,
when right lateral flexion was compared with left lateral
flexion (contralateral and ipsilateral lateral flexions), as
well as for the comparative of the rotations (ipsilateral
and contralateral rotations), significant changes were
obtained, as shown in Figure 3A.

Concerning the left masseter muscle, the post hoc
comparisons for side x position demonstrated significant
changes in EMG activity between neutral head position
and left lateral flexion (ipsilateral lateral flexion) (P = .001),
between neutral and right rotation (P = .004) (contralat-
eral rotation), and between neutral and flexion position
(P = .001), although significant changes were not observed
for the other positions compared with neutral head position
t
t

(P N .05), underlined in Figure 2B. In addition, changes were
observed in the comparisons between lateral flexions and
between rotations, as shown in Figure 3B. This was
consistent with our analysis for the right masseter, indicating
that we found changes in ipsilateral flexion and contralateral
rotation of the masseter muscle.
DISCUSSION

This investigation demonstrated that different head
postures provoke changes in the EMG of the masseter
muscle during maximal clench; however, the EMG activity
of anterior temporalis muscle seems to be less affected by
different postures of the cervical spine. Our results
demonstrate that there is a significant decrease in the
EMG activity of the masseter muscle during flexion,
ipsilateral lateral flexion, and contralateral rotation posi-
tions and an increased tendency in extension, contralateral
rotation, and ipsilateral rotation, although this increase was
not significant.

These findings are consistent with those of other
authors.8,36,37 Forsberg et al8 was unable to provide clear
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evidence that the activity in the anterior temporalis muscle
was significantly related to extension or flexion of the head
but did provide evidence of reduced activity in the masseter
muscle related to flexion and increased activity related to
extension position. In our research, the tendency of the
EMG activity of the masseter muscle in the extension
position was to increase, although this change was not
statistically significant. In addition, the study by Winnberg
and Pancherz36 revealed that the maximal integrated EMG
activity was reduced for the masseter muscle when the head
was flexed forward.

The absolute EMG values in the neutral head position lie
in the range of results found by other studies.38-40 However,
some studies have reported increased temporal activity,
whereas others have reported more masseter activity.39-41

Some studies have found no differences in these values for
men and women, whereas others present higher values for
men.39,42,43 This may be due to different methodology and
disparities in the samples and measurements; for example,
Ferrario et al38 used cotton rolls for maximal clenching,
whereas Rilo et al39 did not. In this research, no differences
were found when comparing sex.

There are several mechanisms that may explain the
change in the EMG activity of the masticatory muscles as a
result of changes in head position. Visscher et al5

measured the intraarticular distance in TMJ and concluded
that there is a close association with head posture
(extension, flexion, and lateral flexion). Changing the
biomechanical situation in the TMJ may provide a poorer
lever arm for the masseter muscle, which results in an
insufficiency of its muscle activity. The change of the
mandible position might be caused by different stretches in
the facial soft tissues44 and muscles45 due to altered
postures of the head with the consequences that the length
of the muscle fibers is changed. In the literature, it has been
widely demonstrated that a change of muscle length results
in a change of the muscle EMG activity.46-50 Studies that
have investigated the relationship between muscle length
and myoelectric activity yielded disparate results; some
researchers reported a decrease or increase in EMG activity
as the muscle length increased,46-48 whereas others have
reported no change in EMG activity at different muscle
lengths.49,50 A recent publication by Ohmure et al51

reported that an experimental forward head posture
resulted in increased EMG activity of the masseter muscle,
but no changes appeared in temporalis muscle. This author
additionally described a significant posterior condylar
position after the experimental forward head posture was
compared with the natural head posture.

Magnetic resonance imaging recording has shown that
upper cervical flexion leads to elongation of the medulla
oblongata.11 Therefore, it is plausible that the elevator
muscles of the jaw react with altered activity during change
in the position of upper cervical spine. Alternatively, the
direct influence of this movement upon the structure could
produce an effect on the mandibular nerve through the
trigeminal complex.

Because the mandibular nerve is more adapted and
therefore more movable than the other trigeminal branches,
it may have more entrapment possibilities and may
therefore be more sensitive to neurodynamic techniques
because of alteration of the head position.18 This may
explain why the masseter muscle is more affected than the
anterior temporalis muscle and why the masseter of one side
is more affected than the other side when performing the
same movement (the trigeminal nerve would adopt a
different position at each side).

Effects of the tonic neck reflex on the jaw muscles were
studied in rats with both ear labyrinths destroyed immedi-
ately after decerebration.52 Electric activities of the jaw
muscles increased or decreased in response to rotation,
tilting, flexion, and extension of the head. The EMG
responses to head position were abolished after the first 3
cervical nerves were cut. It may be concluded that the tonic
neck reflex has an influence on the jaw muscles.

An altered head position leads to a changed occlusion, to
a different position of the mandible, and therefore, to a
different biomechanical situation in the joint.53 Depending
on head position, the mandible changes its pathway during
mouth opening and closing. As the head bends forward, the
closing path approaches the maximum intercuspal position
from the anterior region, and when the head is bent
backward, the closing path approaches the maximum
intercuspal position from the posterior region.4 According
to the intercuspal contact, the EMG activity of temporalis
and masseter muscles changes significantly, as was shown
in a study by Jimenez.54 Clenching in retruded contact
position elicits lower masseter muscle activity and higher
anterior temporalis and posterior temporalis muscle activity
during full clenching. Other authors have obtained
controversial results as described above. Ferrario et al55

concluded that the occlusion type does not influence the
contractile activities of masseter, temporalis, and sterno-
cleidomastoid muscles during MVIC.
Clinical Implications
A prolonged altered head posture due to a cervical

dysfunction leads to asymmetric EMG activity in the jaw
muscles.8 Symmetry of the EMG activity of the masticatory
system may be a contributing factor for the appropriate
development of craniofacial morphogenesis, which like-
wise permits physiologic functions such as mastication,
deglutition, respiration, and speech. Because of the results
obtained in this research concerning the influence that
different head postures had on the EMG of the masseter
muscle, we suggest that some patients with craniomandib-
ular pathology may adopt an altered head-neck posture to
take advantage of an improved biomechanical situation,
which results in increased EMG activity and could lead to
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improved bite force. To reach a more symmetrical EMG
distribution in the masticatory muscles, patients with
craniomandibular dysfunction and consequently an asym-
metric EMG activity may adopt a tilted and rotated head
posture. Therefore, because of the modified neck position
that these patients may adopt, craniomandibular dysfunc-
tion could be a contributing factor for the development of
cervical dysfunction.

An investigation by Koyano et al56 demonstrated that
patients with chronic jaw muscle pain have reduced EMG
activity after exercising; there was a significant decrease in
activity in the masseter muscle, but not in the temporalis
muscle. The comparison with healthy subjects determined
that the rate of change was increased in chronic pain
patients because of the combination of exercise and
chronic inflammation.

Coactivation of craniocervical muscles (sternocleido-
mastoid, upper trapezius, frontalis, masseter, and tempor-
alis) has been observed, but also a relationship between pain
intensity and EMG activity of some of those muscles.57,58

Outcomes reflect that a treatment intervention (occlussal
splint) can reduce EMG activity in healthy subjects and in
patients with myofascial TMD.57

In other research, the EMG recordings showed decreased
EMG activity in patients with myofascial TMD compared
with patients with TMDwith a disc interference disorder and
compared with healthy subjects.58 Therefore, the behavior
of a sample with healthy subjects can be very different from
that of a sample with patients; EMG activity outcomes can
have a similar behavior or can be very different between
groups. This is why we suggest that it is important to
investigate the effect of an intervention in asymptomatic
subjects to be able to discriminate what may be physiologic
and on the other hand investigate on patients. This research
has been performed on healthy subjects, but adding a new
aspect that is EMG activity at end-of-range movements such
as lateral flexion and rotations, which results demonstrate
that lateral flexion and rotation have an influence on EMG
activity. This gives us more support for the craniocervical
and craniomandibular relationship.

Regarding the treatment for patients with TMD, there is
evidence that determines that manual therapy and exercise
of the upper cervical spine may increase cervical and
masticatory pressure pain thresholds, reduce pain intensity,
and improve maximal assisted and unassisted mouth
opening in patients with myofascial TMD.17 In addition,
it has been proven recently that stretching exercises of neck
and jaw muscles may reduce pain intensity and decrease
EMG activity of jaw and neck muscles of patients with
myofascial TMD.59 Posture training is an important part of
the treatment of patients with myofascial TMD. It has been
investigated that posture correction combined with self-
management instructions or as a part of a cognitive
behavioral intervention and in both cases resulted in a
positive effect of alleviating of TMD symptoms.60,61
It has been demonstrated that the correction of the
forward head posture may improve the TMD symptoms.
Regarding our results, we theorize that the correction of a
maintained altered posture of the head such a possible
slightly tilted or rotated head posture might have an
influence on the EMG activity and on the TMD symptoms.
In addition, it would be helpful for the election of the
manual therapy or neurodynamic technique and the exercise
prescription for the treatment of patients with TMD. All this
points need to be confirmed by future research.

Because of the influence that masticatory muscles, TMJ,
dental occlusion, and alterations of the head posture can
have on each other, an examination of the function of the
stomatognathic system in patients with head posture
alterations and cervical dysfunctions should be included
in orthopedic craniomandibular evaluation. In addition, the
cervical area should be included in the history and physical
examination of patients with TMD when assessed by
dentists and maxilofacial surgeons. In conclusion, the
craniocervical system should be taken to account in patients
with craniomandibular dysfunction.
Limitations and Future Studies
This research was performed on healthy subjects.

Electromyography activity outcomes may have a different
behavior in healthy subjects than in patients as seen in
previous research.58 We recommend that further research
be carried out in patients with craniomandibular dysfunc-
tion and/or malocclusions.

To assess whether there is a linear correlation between
EMG activity and cervical movements, a stepwise modi-
fication of the position of the cervical spine should be
conducted. In this study, the head posture was tested at the
end-of-range position rather than gradually.

Additional research may be focused on the primer tooth
contact to assess whether primer tooth contact is related to
augmented EMG activity of the corresponding muscle and
side. The relationship between EMG activity and bite force
according to altered head positions could reveal interesting
associations, as well as the EMG activity dependent
on altered occlusion due to different head positions should
be considered.
CONCLUSION

The results of this study showed a relationship between
head posture and EMG activity of the masseter muscle
when performing an MVIC. During upper cervical flexion,
ipsilateral lateral flexion, and contralateral rotation, the
significantly reduced EMG activity of the masseter was
registered, and this is in contrast to the tendency for
increased activity in the other positions (extension,
contralateral lateral flexion, and ipsilateral rotation),
although this increase was not significant. Therefore, we
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determined that an interaction between craniocervical and
craniomandibular systems is supported by these results.
Practical Applications
• This study showed that different cervical posi-
tions produce EMG activity changes of the
masseter muscle.

• We observed that cervical different positions do
not have influence on the anterior temporalis
EMG activity.

• Head positions where masseter EMG significant
changes appeared were: flexion, ipsilateral flexion
and contralateral rotation.
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