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ABSTRACT
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Recording both Electromyographic (EMG) and temporo-mandibular joint (TMJ) sounds using surface (SEMG)
and intramuscular electrodes can prove to be extremely beneficial for both dental research and clinics.
SEMG can provide a comprehensive overview, while needle EMG can be used to analyze the functioning
of a specific muscle or muscle component. Amplifiers should have various power level options and a flat
frequency response. When using needle electrodes for EMG recording, it is crucial to have a sampling rate of

at least 10,000 Hz to capture the necessary waveforms.
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1. EMG ANALYSIS

There are many applications where integration of
EMG may be useful [1]. The early users of EMG were
enthusiastic about the main virtue of integrated
outputs as having the convenience of a numerical
read-out, and that the output could be fed directly
to automatic devices [2]. It was, however, soon
realized that integration also had dangers. Grossman
and Weiner published 1966 [3] about those hazards,
such as failure to discriminate between artifacts
and unit potentials, where naked-eye examination
of standard records is superior. Basmajian pointed
out [2] that one can only compare the levels of the
integrated curve with parts of the same curve”.

1.1 Settings

It is desirable to have options for different settings
of gain, sampling rate, bandwidth, and frequency
response. Amplitude, waveform, and contraction
pattern as seen in the raw EMG recording are
important variables. High sampling rates, wide
enough bandwidth, and flat frequency response [4]
are critical for truthful recording of those variables
both in EMG and sound analysis.

1.2 Gain

Analog systems for EMG recording, such as Medelec/
TECA, had 9 different gain settings of 50 to 100 000
for amplitude levels from 5 pV to 10 mV. That many
settings are not needed for SEMG, but the amplifiers
should preferably have a few options for different
gain levels. Clipping of amplitudes now occurs freq-
uently at strong clenching. The excuse is usually that
clipping does not have a significant effect on the
integration values. However, analysis of “raw EMG”
is also of interest and amplitude is an important vari-
able. As an example, the variable kurtosis cannot be
calculated correctly if amplitude clipping occurs [5].

1.3 Frequency response and bandwidth

The EMG and sound signals are recorded with two
limits for the frequency content, called the high pass
(HP) limit and the low pass (LP) limit. The HP limit
means that the frequencies lower than that limit are
recorded with a lower gain and should not be used
in the analysis. The LP limit means that frequencies
higher than that limit are recorded with a lower gain
and should not be used in the evaluation. Those limits
should be set at levels that make it possible to record
all frequencies in the signal that may be of interest.
They are regarding audible TMJ sounds about 20 Hz
t0 20,000 Hz and for EMG with needle electrodes 2Hz
to 10,000 Hz.

The EMG amplifiers must should preferably have a
flat frequency response within the whole frequency
area for the signals of interest [6] because to secure
that the signal’s different frequencies are amplified
with the same gain. The presently used amplifiers
have a “hump” in the 100-300 Hz area with decreased
gain before and after that bulge.

Waveforms are of high interest, the sampling rate
should in EMG be at least 10,000 Hz when recording
with needle electrodes. The true waveforms of sound
waveforms need rates that are up to 200000 Hz
which is not a problem with modern sound recording
systems. The bandwidth should preferably be
adjusted accordingly.

The A/D cards should have as many bits as possible,
to get the waveforms closer to what they were in
analog recordings.

1.4 Needle electrodes

Recording with intramuscular electrodes used to be
a standard part of EMG procedures, also for dentists
50 years ago. Some producers of “SEMG only” tools
claim that such an option is not desirable when
dentists perform EMG recordings. They motivate this
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by stating that needle recordings are too painful,
too dangerous, and too difficult to be performed by
dentists. They could certainly be too painful for some
patients 50 to 70 years ago when the EMG needles
were much thicker than today’s thin replacements.
Pain reaction is, however, not a reason for never
using them. Most dentists use needles frequently
for injection of anesthetics and some techniques,
like the one needed when anesthetizing mandibular
molars, is more difficult than most of the techniques
for needle EMG recordings from jaw muscles.

There is a risk for hematoma but that is only a real
problem when recording from the lateral pterygoid’s
upper head. Hematoma is certainly uncomfortable,
but the swelling usually disappears after a few days
without leaving any permanent damage. The dentist
should describe the risks and ask the patient to sign a
consent form before making a needle EMG recording.
| am not aware of any “hematoma statistics” but will
as a comment tell about my own experience during
50 years of clinical practice and 20 years with regular
use of needle EMG. | had two cases of hematoma,
one when recording from the lateral pterygoid
muscle and one from local anesthesia before an
upper molar extraction. My own experience is that
such a complication is rare.

One situation where the risk for hematoma is not
enough important is when a patient suffers from
spastic activity and a BOTOX injection is planned.

A large part of dental SEMG studies have been about
the clinical value of recording higher than normal
levels in jaw muscles during mandibular rest. Studies
of such activity need to include intramuscular
recordings to prove which muscle that is the source
of activity [7]. Labeling the activity as coming from
a specific muscle without confirmation by needle
EMG is only an opinion, not a fact, to paraphrase the
famous statement by Dr. Bernard (Barney) Jankelson.

2. MUSCLE BIOMECHANICS

Different parts of the same muscle, such as the deep
and superior parts of the temporalis muscle and
the deep and the superior parts of the masseter
(Figs. 1-4), can have different force vector directions.
Nearly identical movements can be created by widely
varying muscular forces. Muscles can alternate
periods of activity and take turns in activity giving
the synergists a pause to rest and thereby minimize
fatigue [8]. They may “take turns”in keeping a steady
level of force and recording only from one of those
can therefore give false information about each
muscle’s activity. Decrease of activity may only mean
that a synergistic muscle is taking over parts of the
work.

Figure 3 is from a frontal section through the medial
pterygoid (ep), masseter (m), and lateral pterygoid
(Ip) muscles. The force vector directions make it
possible for the masseter and medial pterygoid
muscles to alternate between working as synergists
in clenching and as antagonists in mandibular lateral
movements. It is also a reminder of how close they
are which makes the content of the SEMG recording
to be a mixture of masseter and medial pterygoid
activity.

Both the masseter and the temporalis have
subdivisions that have different force vector
directions than other parts of the same muscle. My
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experience is that SEMG recordings cannot differ
between the role of the deep masseter and the
superior masseter or between the role of the deep
masseter and the deep portion of the temporalis
muscle, (Figs. 1-3) when they work as antagonists.

The masseter has about 15 bundles of fibers (Fig. 4)
and each bundle can act as a separate muscle. Figs.
1 and 2 illustrate that large parts of the temporalis
muscle are deep to the masseter, and that SEMG
therefore may be a mixture of temporalis and
masseter activity. Note the large mass of the deep
temporalis muscle, that is far away from where
SEMG electrodes are usually placed for temporalis
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| Figure 1. A head section in a frontal plane behind the eye bulbs and the

molar teeth. The main parts of the temporalis (t), masseter (m), tongue, and

the mylohyoid muscles under the tongue are seen.

- P & T ."

lFigure 2. Close-up of atemporalis masseter section. The deep portion of
the temporalis muscle (1) with origin in the lowest part of fossa temporalis
and inserting in the medial side of processus coronoideus (5), has an
antagonist in the deep portion of the masseter muscle (3), also called the
zygomatico-mandibular muscle. The superior part of the masseter (2). The
mandibular body (4). The partimmediately behind the eye (6). The tongue
(7). The nasal cavities (8). The adipose tissue between the skin and the
muscles (9).
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] Figure 3. A frontal section through the medial pterygoid (ep), masseter
(m), and lateral pterygoid (Ip) muscles. The deep masseter is seen in the
upperrightcornerwith originatthedistal side of the processus coronoideus
and an insertion into arcus zygomaticus.

| Figure 4. This figure from reference 24 illustrates the differences in
orientation of muscle bundle subdivisions of the superior and the deep
masseter. Both have separate fiber bundles with individual directions of
the force vectors. Presently biomechanical SEMG studies are based on the
false assumption that the jaw muscles always has only one force vector
direction. This is true about many arm and leg muscles. The masseter and
the temporalis have however parts with significantly different force vector
directions. In the study of jaw muscle biomechanics, SEMG can be
misleading because the directions of force vectors can differ significantly
between superficial and deep parts depending on which bundles that are
active.

Surface electrodes placed for recording from the
anterior temporalis muscles cannot avoid to also
record from the frontal belly of the epicranius that
can exert strong activity at frowning and may be
activated by pain. They can also pick up activity
from the temporo-parietalis or auricularis anterior
muscles. A common mistake is to always label SEMG
activity during mandibular rest and recorded in the
anterior temporalis area as temporalis activity.

3.SOUND CLASSIFICATIONS & UNITS

MSounds are divided into three groups according to
audibility for humans, not audible sounds below 20
Hz, audible sounds between 20 Hz and 20,000 Hz,
and not audible sounds above 20,000 Hz. Sounds are
caused by vibrations, but they are always to be called
sounds even if they are recorded after passing only
through human tissues, and not through air [9-12].
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A very high sampling rate is needed for accurate
recording of the sounds’ waveforms. Definition of
sounds, adequate labels, and Sl units are published
by the Physical Society. Academic sources are united
in their definitions of sounds, that is, sounds are
sounds whether they propagate through air or not
before being recorded, whether they are audible or
not by the human ear, and sounds are sounds even if
nobody was around to hear it [9-12]. Most important
when discussing applications in dental clinics is that
it does not matter if the sound has travelled through
air or not before being recorded.

3.1 Sound recording

Sounds below 20 Hz can be recorded with a Briiel &
Kjaer charge accelerometer type 4370 [13] that has
a flat frequency response between 0.1 Hz and 4,800
Hz. If sounds under 20 Hz are of interest, the B&K
transducer is an excellent choice for recording.
Miniature microphones can be placed in the ear
canal close to the sound source. The thickness of the
tissues between the source of sounds and the ear
canal is only a few mm. In patients with suspected
disk displacement with reduction, the difference in
loudness between opening and closing clicking is
often large. Further studies are required to establish
such values, but soundcards with 36 bits A/D
conversion are desirable to get as large dynamic
range of the patient’s TMJ sound recording as
possible.

The amplitude of the recorded sounds depends on
the pressure of the transistor against the skin. This
varies during the jaw opening due to changes in the
condyle position.

3.2 Sound amplifiers

3.2.1 Frequency response and bandwidth

As it is for EMG, a basic request has always been, that
sound amplifiers should have a frequency response
that is flat. The bandwidth ought to be wide with a
low pass cutoff at 20,000 Hz. It would be ideal if the
high pass limit was close to zero, but microphones
usually have that limit at 20 Hz. If it is important
to also detect sounds with frequencies below 20
Hz, the recordings must be complemented with
soundtracks made with special sensors that can
record such frequencies.

3.2.2 Sampling rate

Figure 4 shows how increasing the sampling rate
from 48,000 Hz to 194,000 Hz improves the quality
of the recorded waveform of a 16,000 Hz sineway.
Each small circle marks the position in the sinewave.
With a sampling rate of 48,000 Hz about 4, and with
194,000 Hz about 12-13 positions are marked in each
single sinewave.

Figure 5 has a contour plot in the left window of a
TMJ clicking sound and the original waveform of
the clicking is shown in the right window. It was
recorded with a miniature microphone placed in the
ear canal. The colors represent energy levels on a
scale from low (blue) to high (yellow). The plot shows
that the area with energy is at about 5000 Hz to 6000
Hz, which also is the area with highest audibility for
the human ear.
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| Figure 5. This figure is a contour plot of a TMJ clicking sound recorded
with a miniature microphone.The colors represent energy levels on a scale
fromlow (dark blue) to high (red). The plot shows that the bandwidth of the
sound is about 100 Hz to 12,000 Hz, with the energy peak at about 6,000
Hz. The colors represent energy levels on a scale from low (dark blue) to
high (red).

3.3 Artifacts in sound recording

Skin contact transducers, such as those used in JVR
recordings [15], can also record movements, that
cause artifacts in the sound recording [16]. They are
especially sensitive to sudden jerky condylar and
cable movements.

3.4 Wave forms

Graphs of TMJ sounds’ waveforms can be misleading
if the sampling rate is too low. Because very few
studies have been made with high quality miniature
microphones, we still do not know what the LP limit
is, but we do know that it is at least about 16,000
Hz. The sampling rate of 194,000 Hz is needed for
high quality recordings of the forms of the highest
audible frequencies (Fig. 6). The size of such data
records was too large for old time computers, but
they are not for today’s versions. Modern amplifiers
for sound recording, have a bandwidth of about 20
Hz to 20,000 Hz.
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| Figure 6. The small circles on the waveform mark the position of each
consecutive sample of the recorded sineway. Anacceptable representation
of the waveform was obtained when the sampling rate was 196,000 Hz.
This is no problem if modern amplifiers are used.

3.5 Time constant - the forgotten factor

Recording of TMJ sounds, combined with jaw
movement recording, is a valuable tool in diagnosis
and analysis of the relations between TMJ sounds
and disk position [16,17]. The time location during
jaw movements of clicking is a helpful information.
The time constant for sounds is less than a
millisecond (ms) [18]. However, for jaw movement
recordings, it can be as large as 40 ms [21] which can
be a significant error because a fast jaw opening-

Stoma Edu J. 2023;10(1-4):13-18

closing movement can take less than 100 ms. [19].
If looking for the causes of TMJ clicking, it is needed
to also record during fast and not only during slow
movements. A problem is that the exact values of
time constants are seldom, if ever, reported in the
relevant equipment manuals.

3.6 Possible harmful effect on hearing ability of TMJ
sounds

Clicking is often a snapping sound (Fig. 7) and the
peak loudness may last only for about 0.2 ms. The
amount of energy can be very low even if the dB
level is high. That can explain why clicking with
high dB levels may not cause immediate damage.
Clinical experience tells us that some patients can
have clicks, that can be heard several meters away.
It is therefore possible that TMJ clicking as heard
by the patient himself can have levels well above
the 85 dB, that is the common limit for potentially
harmful sounds. It should be noted, however, that dB
is not a loudness variable Audible sounds can have
very high dB levels while the loudness is low. The
possible longtime effects of chronic audible clicking
should not be ignored and deserve more attention
in research. Fig. 7 shows the wave form of a typical
short duration clicking (snapping) sound. Note the
exponential decay of amplitude down to noise
level (arrow E) after about 2 ms. Some patients have
clicking that can be heard 6-8 m away. A question of
interest is, how high would the loudness level be as
heard by the patient with such clicking, and can it
be harmful? This could be researched by comparing
hearing ability between sides in subjects with
chronic unilateral TMJ sounds. The dB level of strong
clicking may be about 130 dB but still not harmful,
if the time duration is short, a few ms. or less. Future
studies are needed.
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lFigure 7.The wave form of a short du-ration clicking (snapping) sound.
Noise level (arrow E) is reached after about 2 ms. T = temporal period
duration. Amplitude level is in arbitrary units.

4.FLOW CHARTS

Models have been designed to help in diagnosis. They
are often designed as flow charts [23] but without the
probability of the answers to each step being correct.
That may often be lower than 80 %, but even if it is that
high, it takes only a few steps before the probability of
correct guidance is about 50 % or less. If the probability
of the correct answer to each step is 80 %, the credibility
of the answer to a step will be 80% of the probability
of the preceding step. In a flow chart with 4 steps the
probability will be 1st step 80%, 2nd step 64%, 3rd step
51 %, and 4th step 40.8 %. This means that it would be
deceptive to have more than two steps in a flow-chart.
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5.CONCLUSION

VThe following options in equipments used for EMG
recordingsin dental clinics are suggested to be standard.
Options for intramuscular electrodes and microphone
input.

Options for multiple gain settings to avoid clipping of
amplitudes.

Options for increased bandwidth for EMG to 2Hz -
10,000 Hz, and sounds to 20 Hz - 20,000 Hz,

Flat frequency response in amplifiers to make sure that
all recordable frequencies are documented with the
same gain.

SEMG of masseter and temporalis activity can be a
source of misconceptions regarding the role of parts
with different force vector directions such as between
the deep and superior parts of the masseter and
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between the zygomatico-mandibular and the deep
temporalis muscle. The value of integration of EMG
as a method can be discussed but classical methods
for analysis of “raw EMG', that is not integrated EMG,
should not be abandoned. It is motivated to update the
presently used equipment in a way that true amplitude
values, waveforms, EMG pattern, can be recorded within
the full bandwidth of the signals without clipping or
distortion of form.

The TMJ sounds are called sounds even if they are in not
audible frequency areas and whether they have passed
through air or not.

Flow-charts should consider the probability of the
statements or questions in each step.
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1. What should the gain of a surface EMG amplifier be?

Qa. The gain should be 1000;

Qb. The amplifier should have options for different gain settings at low and at high activity. They should
be variable from high to differ between rest and low activity to high enough to avoid clipping at maximal
activity;

Qc. The gain should be 5000;

Qd. The gain should be 10,000.

2. How should the frequency response be for a TMJ sound/vibration amplifier?

Oa. The frequency response should be limited to frequencies below 1000 Hz and higher for a specific area,
such as 100Hz to 300 Hz than for the other areas;

Qb. It can be “curved” and a flat frequency response is not needed;

Oc. The amplifier should ideally have a flat frequency response for audible sounds/vibrations (20 Hz to
20,000 Hz);

Qd. The amplifier should record the frequencies below about 500 Hz.

3.What type of sensor or technique is best for TMJ sound/vibration recording?
Qa. Skin contact transducer;

Qb. Miniature microphones;

Qc. Stethoscope;

Qd. Finger palpation.

4.TMJ sound analysis:

Oa. Vibrations cannot be called sounds unless they pass through the air before being recorded;
Qb Sounds above 1000 Hz are not of clinical interest;

Qc. Not audible vibrations cannot be called sounds;

Qd. Sounds are called sounds even if they do not pass through the air before being recorded.
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