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ABSTRACT

Introduction: It has been suggested that pain increases trapezius muscle activation in patients with temporomandibular joint dysfunction
(TMD). Changes in muscle activation might change muscle resistance to fatigue. The purpose of this study was to evaluate the
fatigability of the trapezius muscle in patients with TMD. Method: Fourteen patients with TMD (clinically diagnosed and referred
by a dentist) and eleven healthy subjects performed a fatigue test consisting of shoulder elevation performed at 70% of the maximal
voluntary isometric contraction, which was maintained for 30 seconds. Electromyographic signals were obtained from the upper
portion of the trapezius muscle (sampling frequency: 2000 Hz/channel). Consecutive segments of three seconds in duration each
were extracted from the electromyographic signal and analyzed in the frequency domain using a Fast Fourier Transform algorithm.
Linear regression analysis was applied to the consecutive median frequencies for each subject. The slope of the regression line
was used to describe muscle fatigability. Results: No changes were observed in fatigability between the right and left trapezius
of either group or between the left trapezius of the healthy and TMD groups. The linear regression for median frequencies in the
right trapezius of the TMD group showed a slope of -0.15 + 0.33 (mean + SD), which was smaller than the slope for the healthy
group (-0.44 £ 0.46; p= 0.049). These results suggested that the fatigability of the right trapezius was lower in the TMD group
than in the healthy group.
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RESUMO
Disfuncdo Temporomandibular e a fatigabilidade do musculo trapézio

Introducdo: Tem sido sugerido que a dor aumenta a ativagdo do masculo trapézio em pacientes com disfun¢do temporomandibular
(TMD). Mudangas na ativagdo do muasculo podem alterar a resisténcia a fadiga. O objetivo do estudo foi investigar a fatigabilidade
do musculo trapézio em pacientes com TMJ. Método: Quatorze individuos com TMD (diagnosticados clinicamente e encaminhados
pelo especialista odontélogo) e onze individuos saudaveis realizaram um protocolo de fadiga que consistiu em uma contragao isométrica
subméxima de elevagdo do ombro, em um nivel de 70% da contracdo voluntaria maxima, mantida por um periodo de 30 segundos.
O sinal eletromiografico (EMG) foi obtido da porcdo superior do musculo trapézio, (taxa de amostragem de 2000Hz/canal). Trés
segundos consecutivos do sinal EMG foram analisados no dominio da freqiiéncia usando a Transformada Répida de Fourier (FFT).
Uma analise de regressao linear foi aplicada para valores consecutivos da freqiiéncia mediana (MF) de cada sujeito, e a inclinacéo
da regressdo linear foi utilizada para descrever a fatigabilidade muscular. Resultados: Nenhuma diferenca foi observada na
fatigabilidade do musculo trapézio direito e esquerdo para ambos 0s grupos e entre o trapézio esquerdo do grupo saudavel e com
TMD. A MF do mdsculo trapézio direito do grupo com disfuncéo apresentou valores de inclinagdo da reta de regressdo linear de
-0,15 + 0,33 (média + SD), os quais foram menores que os valores do grupo saudavel (-0,44 + 0,46; média = SD; p= 0,049). Esses
resultados sugerem que a fatigabilidade do trapézio direito € menor no grupo com TMD do que no grupo saudavel.

Palavras-chave: disfungdo temporomandibular; misculo trapézio; mediana da freqliéncia; EMG; fadiga.
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INTRODUCTION

The etiology of temporomandibular joint dysfunction
(TMD) is known to be multifactorial. It may be related to
an imbalance between occlusal, anatomical, psychological
and neuromuscular factors, thus promoting head and neck
structural dysfunction.

The stomatognathic system is a functional unit of the
body characterized by several tissues of different origin and
structure that act in consonance to perform different functional
tasks. It comprises the joint connection between the mandible
and the base of the skull, which in turn has muscle and
ligament connections to the neck region®. It consists of skeletal
components (maxilla and mandible), dental arches, soft tissue
(salivary glands, nervous and vascular supplies),
temporomandibular joints (TMJ) and muscles. These
structures are interconnected and interrelated; when activated,
they aim to achieve maximal efficiency with protection of
all the participating tissues?3.

In evaluating the relationship between the skull and
the cervical spine from a sagittal viewpoint, it can be seen
that the greatest part of the weight of the skull (its center
of gravity) lies on the anterior region of the cervical spine
and the TMJ. As a result, its orthostatic position is maintained
by a complex muscle mechanism involving the muscles of
the head, neck and shoulder girdle. Any change to one of
these structures may lead to postural imbalance, not only
locally but also in other muscle chains of the organism,
because of their close relationships?. The complex anatomical
and biomechanical interactions between the stomatognathic
system and the head and neck area are responsible for the
relationship between TMD and posture. Several studies have
shown that patients with TMD present changes in their head
and shoulder positions, as well as increased cervical
lordosis*®.

Shifts in head and shoulder positions can result from
a variety of changes, such as foot abnormalities or
craniomandibular disorders. Disorders of the stomatognathic
system, such as muscle hyperactivity, for example, lead to
anterior cervicoscapular displacement?3’. The increased
activity of the masticatory muscles affects the muscles
responsible for countersupport (sternocleidomastoid and
trapezius muscles), thus resulting in shortening of the posterior
muscles of the neck and lengthening of the anterior muscles,
with anterior projection of the body?. Anterior positioning
of the head will simultaneously lead to disorders of
mandibular positioning and functioning, thus resulting in
increasing tension in the masticatory muscles and, as a result,
TMD?#2,

Other authors have stated that, since masticatory and
cervical muscles are synergic, an imbalance between them
gives rise to different forces acting on the mandible. These
lead to changes in muscle resting positions and muscle
hyperactivity™.
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Shoulder positioning can also be altered by increased
masticatory muscle activity!>'*. Lack of shoulder
leveling?* may be present, with protrusion or elevation of
the shoulder on the same side as the affected TMJ. Changes
in shoulder position could develop because the masticatory
muscle hyperactivity leads to cervical muscle hyperactivity,
with contraction of the muscles responsible for shoulder
elevation and protrusion’. In contrast, other authors have
not found any significant relationship between lack of
shoulder leveling and muscle activity?®.

These changes in load pattern may produce temporary
as well as permanent changes in the reciprocal positions of
pairs of articulating joint surfaces. Up to a certain point, these
changes may be compensated by adaptive mechanisms of
the musculoskeletal tissues, which may in turn lead to joint
and/or muscle injuries®*2. Therefore, abnormal positioning
of the head changes the biomechanics of the craniocervical
and craniomandibular relationships, in the same way as
abnormal mandibular positioning leads to changes in the
craniocervical relationship?.

During mastication, the rhythmic sequence of the
dynamic contractions and relaxations enables sufficient level
of blood flow to supply the TMJ muscles. Joint locking and
tooth wear may occur at the TMJ, thereby changing the
masticatory function®. Postural deformities may add to this
scenario, through changing the positioning of the hyoid bone,
and consequently the mandibular positioning. All these factors
may lead to increased activity of the muscles in the head,
neck and shoulder, thus changing their resistance to fatigue®.

It has been demonstrated that the masseter muscle and
the upper portion of the trapezius are a frequent source of
pain. This leads to an increase in their fatigability and a
reduction in their endurance in response to a given load®*2,
It has been shown that the most painful body site is the
cervical spine, followed by the scapular region and the
temporomandibular joint®.

The position of the head over the neck determines the
posture of the body and is responsible for body balance and
head movements. The TMJ is directly related to the cervical
and scapular regions by a common neuromuscular system.
Changes in the cervical spine may lead to TMJ disorders
and vice versa. It has been shown that the number of patients
with TMD who also have postural disorders is high”-16,

One way of analyzing the fatigue caused by TMD is
through the electromyographic activity of the muscles
involved. Electromyography (EMG) has thus been used not
only to diagnose but also to monitor improvement and
evaluate the treatment effectiveness®. Although EMG is a
simple noninvasive technique used to evaluate fatigue, and
TMD presents high incidence, we were unable to find any
studies evaluating the relationship between trapezius muscle
fatigability and TMD. Therefore, the purpose of this study
was to evaluate this relationship between trapezius fatigability
and TMD.
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MATERIALS AND METHODS

Fourteen patients with TMD (dysfunction group) and
eleven healthy subjects (healthy group) signed an informed
consent statement in order to participate in the study, which
had been approved by the Ethics Committee of the Clinical
Hospital of Porto Alegre (Protocol No. 01-257). Subjects
from the dysfunction group were selected following a clinical
diagnosis of TMD from a dentist. The criterion for inclusion
in the dysfunction group was that subjects should present
signs and symptoms of TMD or craniomandibular disorders,
malocclusion and masticatory muscle pain. The subjects in
the healthy group did not have any musculoskeletal disease
or symptoms of TMD.

The fatigability of the left and right trapezius muscles
was determined during submaximal isometric contraction
of the scapular elevator muscles®®. A load cell constructed
in-house (instrumented with strain gauges), an amplifier
(ENTRAN MSC6, with a supply bridge of 1V and gain of
1K) and an oscilloscope (Missipa, MO-1221S, 20 MHz) were
used to determine the submaximal level of voluntary effort.
Two Velcro straps were used between the subject’s shoulder
and the load cell, which was fixed to a large metal plate
positioned underneath the chair where the subject was seated.

EMG signals were obtained using an eight-channel
system (Bortec Electronics Inc., Calgary, Canada) and bipolar
surface electrodes (Kendal Meditrace, Ag/AgCl, 2.2 cm in
diameter) that were attached to the skin over the upper portion
of the trapezius muscle, in the approximate direction of the
muscle fibers. A reference electrode was attached to the skin
over the clavicle. Prior to electrode placement, the skin
impedance was reduced by means of skin shaving and skin
abrasion using a piece of cotton soaked in alcohol*. All the
procedures for skin preparation and electrode positioning
were in accordance with the standards of the International
Society of Electromyography and Kinesiology?>?.

After amplification, the EMG signals were digitized
at a frequency of 2000 Hz per channel using an analog-to-
digital board (Dataq Instruments Inc., Akron, USA), and were
stored on a Pentium 1V computer for further analysis.

The protocol consisted of three maximal isometric
voluntary contractions (MIVCs) for scapular elevation (three
seconds duration each). From the greatest contraction, the
level of 70% MIVC was calculated and the subjects were
asked to maintain this 70% MIVC for a period of 30 seconds
(fatigue test)??. Visual feedback was given through an
oscilloscope. One-minute intervals were observed between
contractions. The same protocol was used on both sides in
order to evaluate possible differences between sides, in both
groups.

The EMG signals from the fatigue trials were cut into
consecutive three-second segments, thus resulting in ten
segments. A bandpass filter (with cutoff frequencies of 10
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and 500 Hz) was applied to the signals obtained. The median
frequencies were calculated using a Fast Fourier Transform
algorithm. Linear regression was applied to the ten consecutive
median frequencies, and the slope was used to evaluate the
fatigue?. The slopes were compared between sides (intragroup
comparison) using Student’s t test for paired samples and
between groups (intergroup comparison) using Student’s t
test for independent samples. The statistical analyses were
performed using the Sigma Stat 2.03 software (SPSS Inc.).
A significance level of 0.05 was adopted for all tests.

RESULTS

The slopes of the linear regression lines for the median
frequencies from the right and left sides of the healthy group
were -0.44 + 0.46 (mean * SD) and -0.30 + 0.30, respectively
(Figure 1A). The slopes of the linear regression lines for the
median frequencies from the right and left sides of the TMD
group were -0.15 + 0.33 (mean = SD) and -0.23 + 0.30,
respectively (Figure 1B). Both groups and both sides showed
decreasing median frequency with increasing fatigue.
However, there was no difference in the median frequency
behavior between the sides in either group (p=0.250 for the
healthy group; p= 0.847 for the TMD group).

The intergroup comparison revealed different behavior
for the right side between the groups (p=0.049; Figure 2A),
such that the healthy group showing a larger decrease in
median frequency (bigger slope values) with increasing
fatigue, in comparison with the TMD group. No difference
between groups was observed for the left side (p= 0.451;
Figure 2B).

DISCUSSION

The relationships between the head, the cervical region
of the spine and the TMJ are usually determined by the
functional demands at each joint, and these determine muscle
function. TMD is a disease that occurs between the neck,
cranium and mandible, and is believed to change muscle
function, especially in terms of the fatigability of the muscles.
The trapezius muscle, for example, is recruited systematically
to produce stability at the neck. This muscle is also activated
by pain reflexes as a protective mechanism. This increased
recruitment of the trapezius muscle may change its ability
to sustain prolonged contractions in patients with TMD, which
may lead to significant changes in body posture. These
findings, associated with the complex anatomical and
biomechanical interaction between the stomatognathic system
and the head and neck regions, have led many scientists to
discuss these relationships”1315,

It has been shown, for example, that the morphology
of the craniofacial skeleton is related to the shape and/or
structure of the mandibular muscles, as well as to clinical
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Figure 1. Mean values for the median frequencies of the right and left trapezius muscle of the healthy (A) and TMD (B) groups. The regression
lines shown in the figure illustrate the mean behavior of the median frequency on each side and in each group. Mean values and standard
deviations were calculated from the slopes obtained from the regression analysis on each subject, and for each side within each group. Healthy
group, right side: r= 0.44 + 0.46; left side: r="-0.30 + 0.30. TMD group, right side: r=-0.15 + 0.33; left side: r=-0.23 + 0.30. No differences
were observed when comparing the slopes between the sides in either group (healthy group: p= 0.250; TMD group: p= 0.847).

symptoms®. The relationships between the muscles of the
head, neck and trunk may contribute towards mandibular
movements and help to establish the positioning of the
mandible?. Chronically altered craniocervical posture could
lead to mandibular postural changes through biomechanical®®
and neuromuscular mechanisms®. Some authors have
reported postural pattern abnormalities in TMD subjects,
in comparison with healthy subjects?”?, although others'®
have not found differences between TMD and healthy
subjects.

It has been suggested that psychological stress induces
changes in biting patterns and the development of tooth
grinding, thereby increasing the activity of the mastication
muscles. This increased activity of the mastication muscles
is one of the causes of myofascial pain, and seems to result

in decreased contraction strength and increased fatigue, which
might lead to the development of trigger points®. A
relationship between increased muscle EMG activity in the
neck muscles and myofascial pain has been observed in
subjects with TMD. This myofascial pain might not be limited
just to these neck and masticatory muscles, but might spread
out to several body parts, for example to the shoulder
region*6s8-10,

The results presented here show that the median
frequency of the EMG signal is a good indicator for studying
muscle fatigue, since there was a decrease in the median
frequency of the trapezius muscle with increasing fatigue
on both sides (right and left) of both groups (control and
TMD; Figures 1A and 1B). The median frequency of the
EMG signal has been shown to be strongly associated with
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Figure 2. Mean values for the median frequencies of the right (A) and left (B) trapezius muscle of the healthy and TMD groups. The slope
values are the same as in Figure 1. There was a difference between the slopes for the right trapezius between the healthy and TMD groups
(p= 0.049), whereas no difference was observed when comparing the slopes for the left side between the two groups (p= 0.451).

the conduction velocity of the motor action potential®®. This
means that the conduction velocity of the action potential
decreases with increasing fatigue bilaterally. This was
somehow expected, as TMD usually affects both sides, and
therefore there should not be any difference in fatigue in
intragroup comparisons. However, we expected that TMD
should increase the fatigability of the trapezius muscle, in
comparison with the fatigability of the healthy group.
When comparing the sides between the two groups, the
right side of the TMD group showed lower fatigability than
in the control group (Figure 2A), but this did not occur on
the left side (Figure 2B). The lower fatigue on the right side
of the TMD group (shown by the smaller slope values) than
in the healthy group might be explained by the plasticity of
the neuromuscular system. This plasticity has been described
as an ability to functionally adapt the neuromuscular system
in response to experiences of overload or injury*2. Such

adaptation may result in functional reorganization enabling
higher resistance to fatigue by the injured muscle, despite
the dysfunctional problem in the neuromuscular and skeletal
systems??,

Another possible explanation for this decreased
fatigability on the right side is that nearby muscles might
have been recruited to substitute for the injured or fatigued
muscle, in order to give this muscle temporary relief'2. In
this way, the injured muscle may be protected from increased
injury by decreasing its level of activation (which could be
considered to be a neural adaptation).

Although the median frequency of the EMG signal
seems to be a good indicator of fatigue, it appears that it shows
a single aspect of fatigue (i.e. the conduction velocity of the
motor action potential). Another study? has shown that, one
to five minutes after the end of a submaximal (70% MIVC)
isometric fatigue protocol, there was a recovery in the median
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frequency of the EMG signal in the rectus femoris and vastus
lateralis muscles. However, these authors stressed the fact
that the root mean square (RMS) values of the EMG signal
did not recover, even 15 minutes after the recovery in these
muscles. This suggests that the conduction velocity of the
action potential has a fast recovery, while muscle fatigue
still exists. Therefore, looking at more than one fatigue index
seems to be important when studying muscle function, since
this may reveal different aspects of fatigue.

We have shown that patients with TMD presented lower
fatigability of the right trapezius muscle, in comparison with
healthy subjects. The reason for this difference is not
completely understood. It is possible that these patients had
different levels of pain bilaterally, thus leading to differing
resistance to fatigue. However, as we did not control for pain,
it is difficult to evaluate this possibility. Also, we did not
determine whether the patients had different degrees of TMD,
and this might be another variable or factor influencing our
results. It has been shown that patients with different degrees
of TMD show different levels of pain and different joint
function?2°, which might have affected muscle function and
therefore the fatigability of the muscle. The influence of these
factors remains to be determined.
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