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strokes."" Modification of masticatory patterns
may be dependent on the severity of the dysfunc-
tion.”’ A reduction in masticatory activity may be
partially influenced by occlusal interferences."*

Coordination and timing of muscles during
mastication in fully dentate subjects has been eval-
uated, and in general the ipsilateral anterior tem-
poralis muscle is activated before the contralateral
temporal, whereas masseter activity starts on the
contralateral side and shows greatest strength on
the ipsilateral side.”*?** The duration of
elevator activity is inversely proportional to the
stability of the functional occlusion and intercus-
pal position.®"

The purpose of this study was to investigate the
activity of the masseter and anterior temporalis
muscles during deliberate unilateral mastication in
an asymptomatic group of subjects to determine
reproducibility of signal. The asymptomatic sub-
jects showed no TM] internal derangement as
indicated by magnetic resonance imaging.

A first goal was to determine the best starting
time for the initiation of muscle activity, with the
future aim of staging TM] internal derangements.*
The second goal was to evaluate EMG features
(activity, timing, curve symmetry) for reproducibility.

Materials and Methods

Four volunteer subjects were recorded three times
in five separate sessions to study the reproducibili-
ty or reliability of the investigated EMG parame-
ters. All participants were men aged 29 to 47
years, with an average of 37.5 years. All had either
no preference or right-sided preference during
mastication.

The subjects were selected after successfully
completing the following evaluations.

1. A TM] subjective questionnaire documenting
the absence of jaw pain, ear pain, pain on func-
tion, headache, and the presence of locking.

2. Clinical TM] and dental examination as
described by Roberts®* for signs or symptoms
of temporomandibular disorders (TMD) or
internal derangement (impaired range of
motion, deviation on opening, muscle palpa-
tion, and joint sounds). All participants had
acceptable range of mandibular movements®’
(maximal opening of 40 mm or more, and lat-
eral excursions of 10 mm or more).

3. Cephalometric analysis was performed only to
incorporate individuals with an acceptable
average mesocephalic facial pattern and pro-
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file, a Class I molar relationship, overjet of not
more than 3 mm, overbite of not more than
40%, and no major mandibular shift from cen-
tric relation to centric occlusion.

4. A magnetic resonance scan to evaluate the
TMJs for the presence or absence of disc dis-
placement.

Hardware and Software

The EMG and jaw-tracking apparatus was a 12-
channel system with a system band width from 40
to 1,000 Hz (=3 dB) and a gain of 5,000. Its input
range is 0 to 1,400 pwV (peak to peak) without
clipping. Recordings were made on four channels
of simultaneous EMG signal and four channels for
graphic jaw tracking with a sampling rate of 240
to 1,200 samples/second/channel and a total A-to-
D conversion time of 1.5 ps/channel and 9,600
samples/s. Sample collection was accomplished
with an IBM PC-compatible computer with a 20-
megabyte hard drive, dual floppy drives, 640-kb
RAM, turbo processor, Hercules high-resolution
monochrome graphics board, and graphics moni-
tor.

Bipolar, reusable, S-mm surface electromyo-
graphic silver/silver chloride disc electrodes, sepa-
rate adhesive pads, and separate conducting gel
were used for signal collection (Med Associates,
East Fairfield, VT).

Electrode Position and Placement

The skin overlying the right and left anterior tem-
poralis and masseter muscles as well as the right
side of the neck was used as a ground and was
cleaned with alcohol to reduce skin impedance and
to enhance signal conductivity. To locate the
areas for electrode placement the subject was
requested to clench the jaws so that the most
prominent part of the major muscle mass of the
anterior temporalis could be located superior and
posterior to the lateral part of the orbital rim. Its
location was marked with a felt pen. The superfi-
cial masseter muscle was palpated and marked.
The long axis of each muscle was located by pal-
pation while the subject clenched, and electrodes
were placed 22 mm apart (from electrode center to
electrode center). To ensure replication of the elec-
trode position, a customized measurement tem-
plate was constructed by tracing a line along the
canthus-tragus plane as a reference. A perpendicu-
lar was drawn from the marked center of the
major muscle mass of each investigated muscle to
the canthus-tragus line. The vertical and horizon-
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Fig 1 Diagram representing the averaged data from
one muscle for the 10-second mastication period. The
peak activity is identified (100%) and the corresponding
10% (25%) and 50% of peak activities for the ascend-
ing and descending curve are calculated. Times and
areas (A-G) are then simultaneously calculated for each
period.

tal distances obtained from the intersections were
measured and recorded for later reference.

Recording procedure

The subjects sat relaxed and upright in a straight-
backed chair without head support and were
instructed to look at the monitor, which was
placed at eye level. The patients were requested to
make no head or body movements during the per-
formance of the requested tasks other than the
mandibular movements. Care-free sugarless chew-
ing gum (Lifesavers Co, Winston-Salem, NC) was
chewed until a homogenous consistency was
attained. The subject was requested to deliberately
chew only on one side; 18 to 21 masticatory
strokes were recorded over 10 seconds.
Swallowing or shifting the gum to the other side of
the mouth was not allowed during the study peri-
od. The task was performed and recorded succes-
sively three times on the right side and three times
on the left, with 3 minutes’ rest between each
recording.

The recorded signals were amplified, filtered,
and sampled by the analog-to-digital converter
and stored on disc. The program uses a 32-point
moving average for data sampling. Output data
files were analyzed with another 286-compatible
computer by using a customized software program
written by one of the authors (WCM). This pro-
gram was designed to analyze each masticatory
stroke throughout the 10-second recording period
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and to produce mean values. Masticatory activities
that did not appear to be well-defined unilateral
strokes could be eliminated.

The individual stroke was established by identi-
fying the highest generated muscle activities as a
peak. This was accomplished by utilizing the
mathematical procedure of the moving window
criteria.”® Data were analyzed twice, once using
10% of maximal activity and again using 25% of
maximal activity as the starting point (Fig 1). Each
maximal peak represented the 100% activity
(maximal activity) of the individual masticatory
stroke. From these, the ascending and descending
50% and 25% (10%) activities were established
simultaneously (Fig 1). The area of the masticatory
stroke activity was identified by utilizing
Simpson’s rule, in which the area is approximated
by parabolas.” All EMG signals have a degree of
random noise. A peak is only of interest if it rises
above the noise. Consequently, until the peak
reaches a certain level we cannot be sure that it is
not noise. Previous papers* have selected a 10%
change in baseline for the initiation of the mastica-
tory movement. However, signals associated with
some peaks are often weak, so the authors also
raised the noise level to 25%. Because random
noise is not reproducible, a poorly chosen cut-off
can seriously affect results.

Data Analysis

With the practical initiation and termination
points of a masticatory stroke set at the 25%
(10%) level, the analyzed data consisted of the fol-
lowing parameters.

1. The average activity (V) at the 100%, 50%,
and 25% (10%) peaks for each muscle.

2. The average skewness, which represents the
degree of symmetry of the integrated curve
generated by each muscle.”

3. The average kurtosis, which is the peakedness
of the integrated curve generated by each
muscle.?”

4. The average time required to reach the ascend-
ing and descending levels of activity generated
by each muscle: the time to reach 50% ascend-
ing level, 100% peak, 50% descending level,
and 25% (10%) descending level, by using the
ascending 25% (10%) level as the time of
onset of the event.

5. The average segmented area of the ascending
and descending levels: the area between the
ascending 25% (10%) level to the ascending
50% level; the ascending 50% level to the
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Table 1 Intraclass Correlation Coefficients for 10% and 25% Initiation of Muscle Activity
Mean activity
Deliberate mastication, right side Deliberate mastication, left side
Initiation 50% 100% Initiation 50% 100%
Muscle 10% 25% 10% 25% 10% 25% 10% 25% 10% 25% 10% 25%
Right temporalis .90 .91 90 92 89 92 30 .51 30 51 30 51
Right masseter .94 95 94 95 94 95 .70 .85 SOBNB5! .69 .85
Left masseter 74 78 74 .78 74 .94 92 .94 .92 .94 .92 .94
Left temporalis .88 83 .88 .83 .88 .89 18580 {85NIBY) FE5 R B0
Table 2 Intraclass Correlation Coefficients for Skewness and Kurtosis at
10% and 25% Initiation of Activity
Deliberate mastication, right side Deliberate mastication, left side
Skewness Kurtosis Skewness Kurtosis
Muscle 10% 25% 10% 25% 10% 25% 10% 25%
Right temporalis &8 5l 69 64 .30 Al 2R
Right masseter 69 .80 .69 64 55 .78 89
Left masseter &5 - 2 .62 47ils 62 .63 82
Left temporalis L5 L .78 55 57 .68 79
100% peak; the 100% peak; the 100% peak
to the descending 50% level; the 50% descend-
ing level to the 25% (10%) descending level;
and the total area from 10% (25%) to 10%

RAT (25%)

6. The time displacements for ascending and
descending 25% (10%), 50%, and 100% lev-

RM els, by using the ascending 25% (10%) level of
the ipsilateral (masticating-side) anterior tem-
poralis muscle as the onset of the masticatory
stroke (Fig 2).

LM 7. The activation order, expressed as the percent-
age of times an individual muscle activates
first from initiation to completion of muscle

LAT activity.

t=0 Statistics

Fig 2 Diagram representing the time displacements from
the initiation of activity (10% or 25%) of the right ante-
rior temporal muscle for deliberate right-side mastica-
tion. For left-side mastication the left anterior temporal
muscle would be used as the initiation of activity.
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The reliability of each average parameter was eval-
uated statistically by using the intraclass correla-
tion coefficient. Masticatory strokes from the 10%
ascending to 10% descending levels were com-
pared to those of 25% ascending to 25% descend-
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Table 3 Intraclass Correlation Coefficients for the Time Required to Go From 10% (25%) to 100% and

100% to 10% (25%) Activity

Deliberate right-side mastication

Deliberate left-side mastication

10% (25%) to 100% 100% to 10% (25%)

10% (25%) to 100% 100% to 10% (25%)

Muscle 10% 25% 10% 25% 10% 25% 10% 25%
Right temporalis A7 ) .23 =il 18 A7 41
Right masseter .64 .78 132 67 85 .68 87
Left masseter #59) .68 .54 12 15 31 67
Left temporalis .39 .38 25 ) —-.06 -8 25 25

ing levels to evaluate the best starting level for the
initiation for all variables studied.

The acceptable reliability value used in this
study was .70 or greater. Such categorization was
devised and utilized to describe the reliability
results of this study, because a review of the litera-
ture produced neither similar categorization nor a
meaningful value (cutoff) for what is an acceptable
value of the intraclass correlation coefficient for
EMG activities.

Results

The reliability of activity (at 10%, 50%, and
100% levels) by using the 10% ascending to the
10% descending level and the 25% ascending level
to the 25% descending level (Table 1) demon-
strates a slight improvement with the 25% values.
The contralateral anterior temporalis muscle with
right-sided mastication demonstrated a slight
decrease, and the contralateral temporalis on the
left side remained poor.

Comparing reliability of skewness from the
25% ascending level to the 25% descending level
(Table 2) to the 10% ascending level to the 10%
descending level reveals some improvement in the
reliability values at 25% during right-side mastica-
tion for the ipsilateral masseter, the contralateral
temporalis, and the contralateral masseter.
However, there was a decrease in the reliability
value of the ipsilateral temporalis. For the left side,
the reliability values for the four muscles decreased
or showed no major improvement.

Values for kurtosis when the masticatory stroke
was compared from the 25% ascending level to
the 25% descending level to the 10% ascending
level to the 10% descending level (Table 2)
demonstrated a general improvement on the right

and left sides. Values for the contralateral anterior
temporalis did not change with mastication on the
left side.

The reliability of the time for the 25% ascend-
ing to 100% peak values compared to the 10%
ascending to 100% peak values (Table 3) revealed
that right-side mastication showed a general
improvement in the reliability values with the
exception of the contralateral temporal.
Improvements occurred on left-sided chewing but
overall results for both sides were poor.

Comparing time values for the masticatory
stroke from the 100% to the 25% descending lev-
els to the 100% to 10% descending levels shows
that the right side demonstrated overall improve-
ment as compared to the left (see Table 3). The
overall values were poor.

When comparing the reliability of the area from
the 25% ascending to the 100% peak values to the
values from 10% ascending to the 100% peak,
mastication on the right side showed general
improvement in values of the ipsilateral temporalis
muscle but a decrease in values for the remaining
muscles. For left-side mastication, the contralateral
masseter showed the most improvement in values
while the remaining muscle activity was poor.

The reliability of the area from the 100% to the
25% descending levels compared to the 100% to
the 10% descending levels for right-side mastica-
tion showed a general improvement with the
exception of the ipsilateral masseter and contralat-
eral temporal. For left-side mastication, the con-
tralateral masseter showed the most improvement
in values, while the remaining muscle activity was
poor.

Values for displacement from 10% (25%)
ascending with the onset of the ipsilateral tempo-
ralis as the initiation of the masticatory event are
seen in Table 4. Comparing the 25% ascending

Journal of Orofacial Pain 93



Balkhi

Table 4
at 10% (25%) for Each Muscle

Intraclass Correlation Coefficients for the Average Time Displacement

Deliberate right-side mastication

Displacements*

Deliberate left-side mastication
Displacementst

Muscle 10% 25% 10% 25%
Right temporalis = = 54 .55
Right masseter .80 11 .81 .82
Left masseter .78 7t 12 -13
Left temporalis .59 .70 — —

*Time 0 is 10% (25%) of the right temporal muscle activity.
tTime 0 is 10% (25%) of the left temporal muscle activity.

Table 5 Firing Order for Right- and Left-side Mastication*

Deliberate right-side mastication

Deliberate left-side mastication

Muscle 10% 50% Max 50% 10% 10% 50% Max 50% 10%
Right temporalis 156 40 30 15 0 5 0 0 15 10
Right masseter 5 0 5 0 0 0 15 60 60 90
Left masseter 75 60 60 85 95 5 5 0 0 0
Left temporalis 5 0 5 5 5 90 80 40 25 0

*At 10% ascending, 50% ascending, maximal, 50% descending, and 10% descending activity; values represent percent of times muscle activates first.

Table 6 Firing Order for Right- and Left-side Mastication*

Deliberate right-side mastication

Deliberate left-side mastication

Muscle 25% 50% Max S50% 25% 25% 50% Max 50% 25%
Right temporalis 25 40 35 15 5 0 0 0 10 20
Right masseter 5 0 5 0 0 5| 5 45 55 65
Left masseter 70 60 60 85 90 0 10 0 0 0
Left temporalis 0 0 0 0 5 95 85 55 35 15

*At 25% ascending, 50% ascending, maximal, 50% descending, and 25% descending activity; values represent percent of times muscle activates first.
P

values to the 10% ascending values with right-side
mastication there was a general overall improve-
ment with the exception of the ipsilateral masseter
muscle, but without a dramatic effect on reliabili-
ty. On left-side mastication no real improvement
was noted.

The activation sequence of the individual mus-
cles can be seen in Tables 5 and 6 (see Fig 2) for
right- and left-side mastication at 10% and 25%
initiation. The sequence for right-sided mastication
(Table 5) at the 10% initiation level showed the
contralateral masseter muscle activating first 75%
of the time, followed by the ipsilateral temporal
muscle (15%), and masseter (5%) and contralater-
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al masseter muscle (5%). Deliberate left-side mas-
tication (see Table 5) at the 10% initiation level
demonstrated that the ipsilateral anterior tempo-
ralis muscle activated first 90% of the time, fol-
lowed by the contralateral temporal and ipsilateral
masseter muscle (5%), and the contralateral mas-
seter muscle (0%).

Deliberate right-side mastication at the 25%
initiation level (Table 6) demonstrated that the
contralateral masseter muscle activated first 70%
of the time, followed by the ipsilateral temporal
muscle (25%), masseter muscle (5%), and con-
tralateral temporal muscle (0%). The sequence for
left-side mastication (Table 6) at the 25% initia-



tion level shows the ipsilateral temporal muscle
activating first 95% of the time, followed by the
contralateral masseter muscle (5%). The ipsilateral
temporal and contralateral masseter muscles never
activated first at the 25% initiation.

Discussion

The use of electromyography for the diagnosis of
mandibular dysfunction has been suggested by sev-
eral authors.*”" Incoordination of mandibular
movement patterns in patients with TM] pain and
dysfunction and subsequent changes in EMG sig-
nals has been suggested. The chief concern when
evaluating patients for diagnosis of pain and dys-
function is the lack of suitable controls for accu-
rate comparison; only Moller* and Hannam® have
made comparisons to controls. Another concern
rests with reliability of measurements made within
any given session or between sessions. It would
also be helpful to know which EMG parameters
might be more reliable.

Moller* has suggested that the mean voltage
during chewing of an apple was higher in controls
than in patients with mandibular dysfunction. The
present study suggests that activity is the most
reliable variable, with the exception of the right
temporal muscle during deliberate left-side masti-
cation. Reproducibility is increased when 25%
activity is used as the initiation of the masticatory
event (see Table 1), with the ipsilateral muscles
having the strongest reliability. This may suggest
that this variable could be helpful when evaluating
the onset of mastication.

It has also been suggested that the mean voltage
descends earlier after treatment of mandibular dys-
function. Time and activity affect the skewness of
the integrated event. For right-side mastication
(see Table 2) the contralateral temporal muscle is
the only muscle acceptable when using 10% as the
initiation, and for the 25% initiation value the
ipsilateral masseter and contralateral temporal
muscles have acceptable reproducibility. With left-
side mastication only the ipsilateral masseter mus-
cle at 10% initiation is fair, and at the 25% initia-
tion level values are unacceptable. If a curve
(ascending and descending) were used to distin-
guish asymptomatic from symptomatic patients,
only two muscles (ipsilateral masseter and con-
tralateral temporal) are useful in assessing right-
sided mastication at the 25% level. For left-side
mastication, the ipsilateral masseter only, at 10%,
is marginally useful.

Activity is one of the more reproducible vari-
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ables; skewness is a function of the time and activ-
ity. This suggests that time is too variable and
affects the shape of the curve.

The kurtosis curves are more reproducible (see
Table 2), probably because mastication is series of
a rhythmic events that produce sudden EMG
bursts. It can be speculated that in TMD patients,
the curve may become platykurtic or mesokurtic.
Moller"” suggests that this may indicate prolonged
muscle activity. This can only be evaluated when
patients with pain and dysfunction have been com-
pared.

In measurements for right-side mastication the
descending curves are poorer than are the ascend-
ing curves, which as Moller" suggests, indicates
that the “tail” of the curve may not be adequate to
distinguish asymptomatic patients from sympto-
matic patients. An alternative conclusion is that
normal mastication is a more random event. Pain
and dysfunction may influence muscle incoordina-
tion: the masticatory strokes are probably modi-
fied because of pain or pain avoidance. The
ascending and descending values are poor, with
the exception of the contralateral masseter muscle
(at 25% initiation) with left-side mastication.
Moller* suggested that the masticatory event (total
and EMG bursts) is longer in patients than in con-
trols. This study indicates that in controls the
reproducibility of the area parameter may be ques-
tionable.

The coordination of muscle activity during mas-
tication is thought to be a measure of dysfunc-
tion."” It has been suggested that the contralateral
masseter muscle initiates activity before the ipsilat-
eral muscle, and the ipsilateral anterior temporal
muscle initiates activity before the contralateral
temporal muscle. Displacements (at 10% and 25%
initiation; see Table 4) are reproducible for right-
side mastication. This suggests that the practical
initiation of the mastication on the right side at
10%, for the masseter muscles, and at 25%, for
the masseter muscles and left temporal muscle, is
acceptable to indicate coordination of muscle
activity. The values for the left side are poor, with
the exception of the contralateral masseter.

The activation order for deliberate right-side
mastication (at 10% initiation) is considerably dif-
ferent than is deliberate left-side mastication; this
indicates that the pooling of the data for the right
and left sides may be inappropriate (see Table 5).
The contralateral masseter muscle activates first
75% of the time for right sided mastication . The
activation sequence for left side mastication (10%)
most often has the ipsilateral temporal muscle
(90%) activating first, with the ipsilateral masseter
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and contralateral temporal muscles representing
the remaining 10%. The contralateral masseter
muscles, for right- and left-side mastication, finish
their activity first 95% and 90% of the time,
respectively. These parameters may thus be useful
in diagnosis of muscle incoordination.

The activation order for deliberate right-side
mastication (25%) is considerably different than is
that for the left side, which suggests that the pool-
ing of the data for right and left sides may be inap-
propriate. Right-side mastication at 25% initiation
is similar to that at 10%. Because the finishing of
activity with 25% initiation is not as clean as that
with the 10% cutoff, 10% may be a more appro-
priate value for this parameter.

Conclusion

The reproducibility of EMG parameters, which
describe deliberate unilateral mastication, have
been investigated in asymptomatic subjects. Some
values appear to be more reproducible than are
others and may have value in describing muscle
incoordination. When time is used in conjunction
with another variable, overall reproducibility
decreases. Their value will only be known when a
suitable group of TM] pain and dysfunction
patients have been compared.
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Resumen

La reproducibilidad de la actividad de los masculos tem-
poral anterior y masetero durante la masticacion unilater-
al deliberada

Se investigé la reproducibilidad de los parametros electro-
miograficos representativos de la masticacion unilateral deliber-
ada (actividad, ritmo, simetria de la curva), en voluntarios nor-
males y asintomaticos. También se examiné el mejor momento
para la iniciacion de la actividad muscular, con el propésito
futuro de determinar las distintas fases de los malfuncionamien-
tos internos de la articulacion temporomandibular. Los resulta-
dos indican que la actividad es la variable mas confiable, lo cual
podria explicar la falta de coordinacion muscular. Cuando se uti-
liz6 el ritmo en conexion con otra variable, la reproducibilidad en
general disminuyo.

Zusammenfassung

Die Wiederholungsfahigkeit der Aktion der Anterior
Temporalis und des Masseter Muskel wahrend dem
bewussten Kauen

Die Wiederholungsfahigkeit von elektromyographischen
Parametern, welche bewusstes, einseitiges Kauen beschreiben
(Aktion, Zeitmessung, Kurven-Symmetrie), wurde an normalen,
asymptomatischen Freiwilligen untersucht. Die beste Zeit fir
den Beginn der muskularen Aktion wurde auch gepriift in der
Absicht, kinftige innere Stérungen im TMJ bei Phasen zu
erkennen. Die Resultate schlagen vor, dass die Aktion der ver-
lasslichste, unbesténdige Faktor ist, mit der Anzeige, dass sie
fir die Beschreibung von muskularer Inkoordination hilfreich ist.
Wenn der Zeit Faktor im Zusammenhang mit einer anderen
Variablen gebraucht wurde, die gesamte Wieder-
holungsfahigkeit hat abgenommen
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