Voluntary regulation of the contractile activity of the masseter muscle in
healthy individuals vs. patients with temporomandibular disorders: a potential

diagnostic test.

Luis Ignacio Fernandez-Rey!, Marcelo Kreiner?, Alejandro Francia®, Guillermo
Zanotta*, José Piaggio®

DOI: 10.22592/02017n30a6

Abstract

This study analyzed the electrophysiological aspects of the voluntary control of the
contractile activity of the masseter muscle studying a new variable, previously
presented by our group. We conducted a comparative study among healthy
volunteers and patients with temporomandibular disorders. We used an experimental
system that included real time visual feedback to control the contractile effort of the
masseter muscle. The time that each individual needed to control the trajectory of the
motor activity was calculated for each electromyographic record. Coefficients of
variation and standard deviations were different in the groups analyzed (p<0.01 and
p = 0.02 respectively). We found a coefficient of variation greater than 0.936, which
determines a 93.7% specificity. Additionally, a 60% sensitivity was verified. This new
variable showed promising diagnostic potential, with high specificity. Sensitivity can
be increased if more repetitions are conducted for each individual, so as to better

analyze the impact of dispersion.
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Introduction

The cranial mandibular muscles take part in the dynamics of the temporomandibular
joint (TMJ), during the different functions of the stomatognathic system. The main
branches involved are the medial and lateral pterygoid muscle, the masseter and
anterior temporalis muscles, all of which are muscles of rapid contraction, capable of
generating force. These muscles are associated to quick, repetitive movements, as
well as to strong, sustained contractions®. Understanding the physiology and the
pathology of these muscles has been one of the most frequent research aims in

dentistry.

Furthermore, temporomandibular disorders are known to have a high prevalence in
our country. A nationwide epidemiological study showed that 55% of the population
under study had at least one symptom of the disorder, and 44% were found to have

at least one clinical sign of the dysfunction, which led us to conclude that these
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pathologies involve a series of variables which affect the health of the stomatognathic
system, and the quality of life of the people who suffer them®@. These results show
the need to allocate research resources to better understand the diagnostic
mechanisms as well as the therapeutic possibilities for these pathologies.
Electromyography (EMG) has become the most widely used procedure to study and
assess muscle physiology®. It assesses muscle function through the analysis of
electric signals produced during the contraction of the muscle®4), Because they are
easily accessible to place the electrodes, superficial electromyography has been
widely used to assess the electrical activity of the masseter and temporalis muscles,

thus becoming a very useful tool in this field of study “5).

Electrophysiological records taken with surface electrodes can also be used to study
some cranial mandibular reflexes. This technique is called reflexometry (RFXM), and

it contributes valuable data about the physiology of the neuromuscular system(®-8),

Garcia Moreira et al. used this technique to study the trajectory of the motor activity
of the masseter muscle by studying the inhibition following reflex discharge in healthy
volunteers®, and found highly reproducible trajectories at the intraindividual level in

the records analyzed.

To assess muscle strength in this kind of records, our team introduced a variable that
studies the individuals’ ability to control the strength generated in the masseter
muscle. This voluntary contractile effort is guided by real time visual feedback@©,
Likewise, the variable may be quantified by recording the number of seconds it takes
the volunteer to reach a preset contraction level, a necessary condition to trigger an

automatic and standardized pneumatic stimulus.



Several studies have described particular characteristics of the muscle function in
patients with TMD, compared to healthy individuals®!), Some authors have
concluded that patients suffering from TMD have muscle hypertonicity®?1% and a

lower resistance to masticatory muscle fatigue®4-15),

Similarly, the pain present in some temporomandibular disorders has been linked to
alterations in the motor function of the mandible®316) for it affects the isotonic and
isometric contractile activity of the masticatory muscles due to the alteration of the

sensorimotor system@7:18),

Considering that so far none of the electromyographic variables assessed has shown
adequate sensitivity to be used as a diagnostic tool®D, the aim of this study was to
further study motor control, analyzing this new variable which reflects the individual’s
ability to control the trajectory of a muscle contraction in a controlled isometric effort,
based on real time visual feedback. The working hypothesis was that this variable

would be different in healthy and ill patients.

Materials and methods

This study was conducted with a sample of 31 volunteers (13 men and 18 women
aged 31 on average), 16 of which were healthy, and the remaining 15 suffered from

temporomandibular disorders (TMD).

Inclusion criteria for the control group:

e Age between 18 and 40



e Presence of at least six teeth per quadrant
e Absence of muscle and/or joint pain
e Absence of functional limitations

e Absence of disk disorders

Inclusion criteria for the TMD group:

e Age between 18 and 40
e Presence of at least six teeth per quadrant

e Muscle or joint alterations in the stomatognathic system

Exclusion criteria for both groups:

* Pregnant women

* Presence of orthodontic treatment

* Neurological disease or psychiatric alterations

* Pain other than musculoskeletal pain

» Patients taking muscle relaxers, anti-inflammatory drugs on a regular basis
and who cannot stop taking them at least 48 hours prior to the
electromyographic record

* Patients taking antidepressants on a regular basis or as part of a medical

treatment

The patients in the TMD group were recruited as they were referred by the
Temporomandibular Disorder Diagnostic and Treatment Department of the School of

Dentistry (Universidad de la Republica). The protocol was approved by the Ethics



Committee of the School of Dentistry of Universidad de la Republica. All the

participants signed a written consent form prior to starting the study.

The volunteers were given a general, regional, and local clinical examination to
check the inclusion and exclusion criteria. Once the volunteers had been included in

the study, the methodology was explained to them.

The first step was connecting the volunteers to the reflexometer, which allowed them
to control the trajectory of the muscle strength in real time through visual
biofeedback. Figure 1 shows the experimental setup, and simulates three muscle
contraction situations, showing the standardized and preset contraction level for the

automatic and computerized triggering of the stimulation system.

A third electrode was placed on the trapezius muscle for reference in every case.
The signal was amplified 10,000 times on a flat passband from 0.1 to 1,000 Hz. The

A/D conversion was done at 3,300 (m.p.s.) and 1/256 (8 bits).

For the visual feedback, the rectified and integrated EMG was presented as color
bars in a monitor. The inhibition reflex was obtained by applying a standardized
pneumatic stimulus to the chin. This was done using a reflexometer built using a
microprocessor linked in parallel to a personal computer, the mechanical response

(hammer) of which is controlled by visual feedback.

An individual record was created for each patient with data obtained from making six
readings per muscle, which were later averaged by the processor. Each record
measured the time it took each individual to control the trajectory of the strength until

a series of standardized conditions were met. The preset contraction level was



approximately 40% of the maximum contractile force, and it was set for all the

volunteers included in the study®).

The time required to trigger the stimulus in each one of the six readings was
recorded in a spreadsheet created for each patient, which was later statistically

analyzed.

Electromyography for each situation

Fig. 1. Experimental setup and contraction levels: A: Subthreshold contraction,
B: Suprathreshold contraction, C: Preset contraction necessary to trigger the
stimulus, RTVF: Real time visual feedback, SMS: Standardized mechanical stimulus,
BPE: Bipolar electrode

Statistical analysis

Standard deviations and coefficients of variation were calculated for all the readings.
Non-parametric tests were used to compare the groups. The diagnostic potential of

the test was determined by means of a discriminant analysis using ROC curves.

Ethical considerations



The protocol was approved by the Ethics Committee of the School of Dentistry of
Universidad de la Republica. All the participants signed a written consent form prior

to starting the study.

Results

The coefficients of variation and the standard deviations were different for the groups
under study (p< 0.01 and p=0.02, respectively). The coefficient of variation found was
higher than 0.936, thus determining a 93.7% specificity, and a 60% sensitivity.

(Figure 2). The ROC is shown in Figure 3.
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Discussion

The theoretical foundation to use electromyography as a diagnostic tool in cranial
mandibular dysfunctions is the potential alterations of the muscle function in patients

with TMD, when compared to healthy individuals®°29),

Thus, since the creation of electromyography, researchers in dentistry have been
making significant efforts to validate several electromyographic recording techniques
as diagnostic tools. However, methodological difficulties related to the
standardization of the technique have proven difficult to overcome, and several
methods have been clinically impracticable?. The validity, sensitivity, and specificity
of the records with the variables analyzed so far (latency, morphology, and
electromyographic silent period) have been questioned based on current scientific

evidence(22-26),



For this reason, this study fully analyzed a new variable with diagnostic potential
presented by our study group in a previous study?, proving its methodological
feasibility, as well as showing some promising results. The high specificity
determined in this paper shows the capability of our test to classify healthy volunteers
as negative cases; i.e., the proportion of healthy individuals correctly identified.
However, the sensitivity achieved (60%), namely the capability of the test to detect
the condition in sick individuals, needs to be improved so that the internal validity of
the test improves as well. The solution proposed to improve the sensitivity of the test
is to increase the sample and the number of repetitions included in the experimental
setup. Therefore, these preliminary results including dysfunctional patients promise
new horizons for the application of this recording technique as a supplement to

clinical assessment.

The differences found in this study could have physiological and clinical
repercussions which must be confirmed in future experimental studies that overcome

the weaknesses of this one.

Conclusions

This new variable looks promising in terms of its diagnostic potential, showing high
specificity. It might be possible to improve its sensitivity by increasing the number of
repetitions in the experimental setup in order for the dispersion to have greater

impact. Future studies are needed to prove this hypothesis.
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