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1 | INTRODUCTION

Jaw clenching is thought to reduce head acceleration while receiv-
ing a strong impact on the body during sport activities.”?> For exam-

ple, a previous study conducted among athletes reported that head
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Abstract

Background: Jaw clenching is considered to reduce head acceleration while receiving
a strong impact on the body during sport activities.

Objective: The present study aimed to clarify the effect of jaw clenching on reduc-
tion of head acceleration during a predictable load impact to the body.

Methods: Seven healthy participants were exposed to a predictable load impact with
and without jaw clenching. We recorded the electromyographic activity of the mas-
seter (MA) and digastricus (DIG) muscles, occlusal pressure and head acceleration
throughout the experiment.

Results: When participants were not instructed to clench their jaws, they naturally
positioned their jaws without occlusal contact at the time of pendulum impact by co-
contracting the jaw opener and closer muscles. When participants were instructed
to clench their jaws, neither the activity of the jaw opener muscle nor the head ac-
celeration differed at the time of pendulum impact when compared with when par-
ticipants were not instructed to clench their jaws.

Conclusions: A slightly distanced jaw position (co-contracting the jaw opener and
closer muscles without occlusal contact) might serve inherently safety for reduction
of head acceleration during predictable body impact, while jaw clenching does not
contribute to reduction of head acceleration in response to pendulum impact more
than the distanced jaw position does. Notably, DIG activation to minimise the head
acceleration in response to pendulum impact was similar in clenching and no clench-
ing positions. This suggests that DIG may play a crucial role in the reduction of head

acceleration, regardless of MA muscle activity.
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acceleration during a tackle was less when rugby players clenched
their jaws than when they did not. Similarly, in soccer, head acceler-
ation during heading was less when the players clenched their jaws
than when they did not.? These studies found that the activity of the

neck muscles increased with an increase in jaw clenching, resulting
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in a decrease in head acceleration in response to the impact. It was
reported that strengthened neck muscles are associated with a
lower risk of concussion in an observational study conducted among
6700 adolescent contact sport athletes® and a laboratory study con-
ducted among contact sport athletes of varying ages.*”

In contrast, we found that there were sport activities during
which occlusal contact was not seen, which investigated athletes’
occlusal contact (i.e., contact of the upper and lower teeth) and ac-
tivities of the jaw closer and opener muscles during sports.®’ For
example, in Judo, occlusal contacts were not observed even in re-
sponse to strong body perturbations, such as being thrown down,
during matches, though considerable activity was observed in both
jaw closer and opener muscles.® Similarly, in our previous study con-
ducted among 10 boxers (all with more than three years of experi-
ence), the occlusal contact in all participants was less than 5% of the
total occlusal surface area throughout the matches, including when
receiving punches.” Furthermore, previous studies have reported
that during strong skeletal muscle force exertion in dynamic exer-
cises, such as deadlift, the jaw opener and closer muscles simulta-
neously contract to position the mandible so as not to have occlusal
contact between upper and lower teeth, distinct from the maximal
intercuspal position (i.e., in which all teeth contact simultaneously).®
Similar results were found during deadlifting that requires effective
execution of power stroke of muscle contraction.® Thus, these stud-
ies suggest that athletes may naturally keep their jaw positions apart
from each other with a distance co-contraction of jaw opener and
closer muscle to prevent traumatic collision of upper and lower teeth
during the power stroke of body muscle contractions.

The monitoring of masseter (MA) muscle activity alone as a rep-
resentative indicator of jaw clenching is not necessarily sufficient,
since there are vital differences between jaw clenching in the in-
tercuspal position (i.e., the occlusal position where all of the teeth
contact simultaneously) and other jaw positions (i.e., in which the
co-contraction of jaw opener and closer muscles fixes participants’
jaws in a distanced position without occlusal contact). Simultaneous
measurement of occlusal contact and the activity of jaw closer and
opener muscles are necessary to differentiate these two jaw posi-
tions. The present study used a system that measures occlusal con-
tact and activity of jaw closer and opener muscles continuously and
aimed to clarify the effect of jaw clenching on reduction of head

acceleration during predictable body impacts.

2 | MATERIALS AND METHODS
2.1 | Participants

The participants in this study were university students who were
recruited by posting flyers around the university. Seven fully dentate
healthy young participants (five males and two females with a mean
age of 22.0 + 0.5 years, a mean height of 168.7 + 6.6 cm and a mean
body weight 61.5 + 16.7 kg) meeting the following criteria were en-

rolled in this study. The following inclusion criteria were applied: the

presence of a Class | incisor relationship (i.e., the lower incisor edges
occlude with or lie immediately below the cingulum plateau of upper
central incisors), the absence of mobile teeth (Miller Classification Il
orlll,i.e., >1 mm horizontal and/or vertical mobility),9 the absence of
subjective temporomandibular problems'® and the absence of mus-
culoskeletal or neurological pathology that could affect task perfor-
mance. This study was approved by the ethics committee of Osaka
Dental University (approval number: 111088), and all participants
provided their written informed consent prior to study participation.
This study was conducted in accordance with the provisions of the
Declaration of Helsinki as well as the published ethical standards of

this journal.*!

2.2 | Experimental set-ups

The participants were exposed to impact induced by a pendu-
lum device, according to the methodology of previous studies
(Figure 1A).*>™** Participants stood barefoot on a force platform
(BP400600, AMTI, MA, USA) with their feet placed shoulder-width
apart (Figure 1A). The foot position was marked on the floor to main-
tain participants’ body location relative to the perturbation device
throughout the duration of the experiment. A load (mass: m = 3%
of each participant's body weight) was attached to the distal end
of the pendulum, and its initial height was adjusted to each partici-
pant's height (height: h = 150% of participant height) (Figure 1A). An
accelerometer (myoMOTION, Noraxon, sampling rate: 200 Hz) was
attached to the right dorsal hand to identify the moment of impact
(Figure 1A).

The electromyographic (EMG) activities of the MA and digas-
tricus (DIG) muscles were recorded at 2000 Hz (Ultium, Noraxon).
After the skin area was cleaned with alcohol preps, disposable sur-
face electrodes (G207, Nihon Kohden) were attached to the muscle
belly of the MA and DIG. A ground electrode was embedded in each
EMG electrode. The distance between each pair of electrodes was
20 mm. The muscles on the right side of the body were evaluated.

Occlusal contact was monitored using the I-Scan system that
measures pressure distribution (I-Scan, Nitta Corporation, sampling
rate: 100 Hz). The system is composed of a pressure sensor sheet
(FPD-T-Sports, Nitta Corporation), data acquisition electronics,
and a personal computer. The pressure sensor sheet consists of a
U-shaped sensing area and a tab that connects to data acquisition
electronics. The tab of the pressure sensor sheet was extended to
a length that did not disturb participants’ activities during measure-
ment. The U-shaped sensing area of the pressure sensor sheet was
attached to the upper dental arch with an oral apparatus (Figure 1B),
as detailed below. The system has been scrutinised in various studies

dts-18 d¥? its accu-

that have alternately supporte and contradicte
racy. Additionally, though occlusal force is a vector with a magni-
tude and a direction, the direction of the force could not be assessed
since the system can only provide a relative magnitude. However,
this system is superior in terms of verifying participants’ constant

occlusal contact than any other methods.
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FIGURE 1 (A)Schema of the ®w -
experimental setup. Participants were Body weight X 3% (kg) """
exposed to impact induced using a Tl

pendulum device. A load was attached A __)
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to the distal end of the pendulum, and
its initial height was adjusted to the
participants’ height. Surface electrodes
were attached to the digastricus and
masseter muscles. A pressure sensor

Accelerometer

\ Sensor sheet

sheet measuring occlusal pressure was
attached to the upper dental arch, and
an accelerometer was attached to the
upper anterior tooth and the right hand;
(B) the following sensors were affixed
to the participants’ upper dental arch:
(1) an accelerometer measuring head
acceleration, (I1) a pressure sensor
sheet measuring occlusal pressure

and (1) an oral apparatus fixing the
sensors to the upper dental arch; and (C)
articulated working models fabricating
a custom-made oral apparatus for fixing
the pressure sensor sheet and the
accelerometer to the upper dental arch.

Height X 150% (m)

Height (m)

Force
platform

The dotted line represents the outline of
the oral apparatus, 1 mm away from the
cusp line (solid line) of the upper dental
arch, so that the oral apparatus does not
interfere with participants’ occlusion

(B)

An accelerometer (AMA-A, Kyowa Dengyo, sampling rate:
500 Hz) was attached to the upper anterior tooth region (a hard
tissue directly connected to the head) with an oral apparatus to
measure head acceleration during impact. A custom-made oral ap-
paratus was fabricated to attach the sensor sheet and accelerometer
to the participants’ teeth. An oral apparatus for the maxillary arch
was fabricated through the following procedures for each partici-
pant. Dental impressions (Aroma Fine Plus, GC, Tokyo, Japan) were
taken, and a 3-mm-thick polyester sheet (DURAN Plus, JM Ortho,
Tokyo, Japan) was pressed on the working models (New Plastone,
GC, Tokyo, Japan) using a pressure-forming machine (MINISTAR S,
J. MORITA CORP). Working models were articulated to fabricate a
custom-made oral apparatus for attaching the pressure sensor sheet
and the accelerometer to the participants’ upper dental arch. The
oral apparatus was fabricated to fit the buccal side of the upper
dental arch of each participant. Its outline was set 1 mm away from
the cusp line of the upper dental arch (the solid line in Figure 1C),

so that the oral apparatus does not interfere with the participants’

©

occlusion. The pressure sensor sheet and the accelerometer were
attached to the oral apparatus using instant adhesive (Aron Alpha,
Daiichi Sankyo) (Figure 1B). The oral apparatus was fixed with the
pressure sensor sheet, and the accelerometer was adhered to the
upper dental arch of each participant using a denture adhesive
(Poligrip S, Glaxo Smith Kline Consumer Healthcare Japan, Tokyo,
Japan). Proper retention, which removed the possibility of sensors
detaching when the lips and cheeks moved, was checked intraorally
by a dentist licenced to practice prosthodontics and sport dentistry.

Electromyography and acceleration signals were measured
through an integrated data recording system (myoMUSCLE,
Noraxon). Analog synch signals were used to synchronise EMG, ac-
celeration and I-Scan signals through a sensor interface (VICON MX,
Oxford Metrics). The centre-of-pressure position was automatically
calculated from the moments and force measured using the force
platform, and this position was displayed online. We used the dis-
played centre-of-pressure position for monitoring the initial centre-

of-pressure position.
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2.3 | Experimental procedures

Participants were required to receive the pendulum impact with
their hands, while their arms, wrists and fingers were extended at the
shoulder level (Figure 1A). The initial centre-of-pressure position was
monitored by the research assistant to ensure consistency of the ex-
perimental conditions. Participants were asked to maintain their bal-
ance after the impact without taking a step. The load attached to the
distal end of the pendulum was released towards the participants in
a sagittal plane after a countdown to allow the participants to predict
the timing of the load impact. Prior to the experiment, maximal volun-
tary contraction (MVC) of the MA and DIG was measured to acquire
100% MVC for EMG data. We also measured the maximum occlusal
pressure during maximum voluntary jaw clenching at the intercus-
pal position. The participants were exposed to the impact under no
clenching and clenching conditions. Under the no clenching condition,
participants were asked not to clench their jaw prior to each single
impact to clarify effect of jaw clenching on head acceleration during a
predictable load impact. Under the clenching condition, participants
were instructed to maintain jaw clenching at a 30% MVC level at the
intercuspal position throughout the recording. To avoid fatigue of par-
ticipants’ jaw muscles, we stopped the recording 3 s after the impact.
A research assistant monitored the participants’ jaw clenching and
occlusal contact and provided verbal feedback to the participant if
these deviated from target activation levels. The countdown for the
release of the pendulum was started once the clenching level reached
its target (i.e., 30% MVC). In total, 20 trials were recorded, where the
participants received 10 consecutive predictable impacts under the
clenching condition and another 10 consecutive impacts under the no
clenching condition. The order of the experimental conditions was al-
located randomly, using the rand function in Excel (Microsoft). Two to
three practice trials were performed prior to initial testing. An interval

of 30-45 s was set between the trials to avoid fatigue.

2.4 | Data processing

The data were analysed using a custom-made MATLAB program
(MATLAB 2014b, MathWorks). Time-zero (T,; the moment of the
impact) was defined as the time at which the tangential acceleration
of the hand, which was acquired using the accelerometer, reached
5% of its peak value.

The EMG signals were downsampled to 1000 Hz using the res-
ample function of MATLAB. Resampled EMG signals were rectified
and filtered with the Butterworth band-pass filter (2nd order, 50-
500 Hz). We calculated moving averages for the filtered EMG signals
based on a 50-ms time window. The EMG activities of DIG and MA
were normalised by 100% MVC for each participant. The onset times
of DIG and MA activity were defined as the time at which normalised
EMG activity became greater than background normalised EMG ac-
tivities (mean + 2SD within the time window from T, -1,000 ms to
T, - 500 ms) for more than 50 ms within the time window from T,
- 250 ms to T, + 500 ms. The peak values of DIG and MA activity

were defined as the maximal values within the time window from T,
- 250 ms to Ty + 500 ms. The identification of the onset time and
the peak value was performed by combining computer algorithms
with visual inspection of the trials. We also calculated the increase in
EMG activity at its peak. The increase in EMG activity at its peak was
defined as the value that subtracted a baseline from the peak value.
There was no significant difference in the baseline of DIG activity
between the two conditions (Mean + SE: no clenching: 0.05 + 0.01,
clenching: 0.05 + 0.01, p = .35), unlike the baselines of MA activity
that significantly differed (no clenching: 0.02 + 0.004, clenching:
0.28 + 0.01, p < .05).

The tangential head acceleration signals, which were calculated
from the three axial accelerations at each timepoint, were filtered
with the Butterworth low-pass filter (2nd order, 20 Hz). Peak values
and onset times of the tangential head accelerations were identified.
First and second peak values were defined as the maximal and sec-
ond largest values within the time window from T, to T, + 500 ms,
respectively. Onset time was defined as the time at which the to-
talled head acceleration reached 5% of first peak value within the
time window from T, - 250 ms to T, + 500 ms.

2.5 | Statistical analysis

The mean values of each condition for each participant were used for
the analysis. The Wilcoxon signed-rank test was performed to com-
pare differences between muscles or conditions. All group data are
represented as medians + interquartile ranges (IQR). As for the EMG
activity, the following parameters were compared between muscles
(i.e., DIG and MA) or conditions (i.e., no clenching and clenching
conditions): the onset time (closed triangles in Figure 2A), time-to-
peak and the increase in EMG activity at its peak (Figure 2A). As
for the head acceleration, the following parameters were compared
between conditions (i.e., no clenching and clenching conditions): the
onset time, peak value and time-to-peak (Figure 2C). Statistical anal-
ysis was performed using EZR version 3.4.1 (Jichi Medical University,
Saitama, Japan) at a 5% significance level.?! We used G*power 3.1
(Heinrich-Heine-Universitat, Disseldorf, Germany) to estimate the
sample size required using Wilcoxon's signed-rank test.?>2% The ef-
fect size (r), which was used to calculate the sample size, was derived
from the mean and standard deviation (SD) reported in a previous
study that compared head acceleration between no clenching and
clenching conditions during impact in sports.2 The study reported
that the means + SDs of head acceleration were 28.4 + 7.0 G and
23.9 + 6.2 G for the no clenching and the clenching conditions, re-
spectively. A total sample of seven was required for an alpha prob-
ability of 0.05 and a statistical power of 0.80.

3 | RESULTS

All participants completed the study tasks without any difficulty.

No adverse effects were reported after participation in the study.
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FIGURE 2 Representative examples of waveforms (TO: moment of impact). The red line indicates the data obtained under the

no clenching condition, whereas the black line indicates data obtained under the clenching condition. (A) Rectified and filtered
electromyographic (EMG) signals are shown. The solid line indicates the EMG signal of the digastricus muscles (DIG). The dotted line
indicates the EMG signal of the masseter muscles (MA). Each signal was normalised by each maximum voluntary contraction (MVC). The
closed red and black triangles indicate the onset of the DIG activity under the no clenching and clenching conditions, respectively. The red
and black arrowheads indicate the onset of the MA activity under the no clenching and clenching conditions, respectively. The onset times
of DIG and the MA activity were defined as the times at which EMG activity became greater than background EMG activity for more than
50 ms within the time window from T, - 250 ms to T, + 500 ms. (B) The occlusal pressure signals and the pressure distribution at the time
of the impact are shown. The occlusal pressure signal was normalised by the maximum occlusal pressure (MOP). The occlusal pressure was
absent under the no clenching condition, while pressure distribution was more even across the tooth arch under the clenching condition. (C)
Rectified and filtered head acceleration signals are shown. The peak value of the head acceleration was defined as the maximal value from
TO - 250 ms to TO + 500 ms. The black and red triangles indicate the onset of the head acceleration under the no clenching and clenching

conditions, respectively. The onset of head acceleration was defined as the time at which acceleration became greater than 10% of its peak
for more than 50 ms

Representative examples of waveforms of EMG activity for MA 3.1 | DIG and MA activity
and DIG, occlusal pressure and head acceleration observed in
response to the pendulum impact are shown in Figure 2A-C, For the between-muscle comparison in the no clenching condition,

respectively. EMG activity of both DIG and MA started to simultaneously increase,
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slightly prior to T, (DIG: -80.96 + 41.72 ms; MA: -63.16 + 31.56 ms,
p = .38, Figure 3A). The time-to-peak EMG activity did not differ be-
tween the twomuscles (DIG: 93.30 +40.49 ms; MA: 73.80 + 66.56 ms,
p = .94; Figure 3B). In contrast, the increase in DIG activity at its peak

FIGURE 3 The comparison of pooled data for the
electromyographic (EMG) activity between muscles (digastricus
and masseter muscles) and conditions (no clenching and clenching
conditions). The mean values in the no clenching and clenching
conditions, for the seven participants, are presented in the bar
graph. (A) The onset time. (B) The peak time. (C) The increase

in EMG activity at its peak. *p < .05. MVC: maximum voluntary
contraction

was greater than that of MA (DIG: 0.50 + 0.42; MA: 0.04 + 0.03,
p = .02; Figure 3C). Similarly, under clenching condition, there was
no significant difference in onset time (DIG: -51.60 + 62.58 ms;
MA: -55.32 + 107.27 ms, p = .81; Figure 3A) and time-to-peak (DIG:
97.44 + 33.32 ms; MA: 88.05 + 55.01 ms, p = .69; Figure 3B), whereas
the increase in DIG activity at its peak was greater than that of MA
(DIG: 0.52 + 0.50; MA: 0.08 + 0.12, p = .05; Figure 3C).

For the between-condition comparison in DIG, there was
no significant difference in (1) EMG onset time (no clenching:
-80.96 +41.72 ms; clenching: -44.44 + 62.58 ms, p = .30; Figure 3A),
(2) time-to-peak EMG (no clenching: 93.30 + 44.49 ms; clenching:
96.30 + 33.32ms, p =.11; Figure 3B) and (3) increase in EMG activity
at its peak (no clenching: 0.50 + 0.42; clenching: 0.52 + 0.50, p = .47;
Figure 3C). Similarly, the MA activity showed no significant differ-
ences in (1) onset time (no clenching: -61.91 + 55.32 ms; clenching:
-44.44 + 62.58 ms, p = .81; Figure 3A), (2) time-to-peak EMG (no
clenching: 83.17 + 66.56 ms; clenching: 88.05 + 55.01 ms, p = .30;
Figure 3B) and (3) increase in EMG activity at its peak (no clenching:
0.04 + 0.03; clenching: 0.08 + 0.12, p = .16; Figure 3C) between the
no clenching and clenching conditions.

3.2 | Occlusal pressure

Occlusal pressure was not observed during the experiment in the
no clenching condition, whereas it was maintained at approximately
50% under the clenching condition (clenching: 0.50 + 0.24; Figure 4).
Similarly, the occlusal contact was absent under the no clenching
condition, while all teeth contact simultaneously under the clench-
ing condition.

3.3 | Head acceleration

Head acceleration occurred slightly after T, and rapidly increased
to the peak, was followed by a second peak and then finally re-
turned to the previous level under both the no clenching and
clenching conditions. There was no significant difference in (1) ac-
celeration onset time (no clenching: -130.80 + 12.08 ms; clenching:
-128.25 + 17.27 ms, p = .38; Figure 5A), (2) first peak acceleration (no
clenching: 13.68 + 3.08 m/s%; clenching: 13.89 + 4.56 m/s?, p = .69;
Figure 5B), (3) time-to-first peak (no clenching: 37.14 + 7.18 ms;
clenching: 41.20 + 6.37 ms, p = .81; Figure 5C) and (4) second peak
value (no clenching: 7.89 + 3.79 ms; clenching: 7.70 + 3.96 ms,
p = .08; Figure 5D) between the conditions.
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position.?® Another reflex (the unloading reflex) is responsible for the

prevention of collision of the upper and lower teeth.?

This suggests
that jaw fixation without occlusal contact may play a beneficial role
in the prevention of trauma. It is noteworthy that there was a signif-
icant difference in the increase in EMG activity at its peak between
DIG and MA at the time of co-contraction as shown in Figures 2A
and 3C. A previous study conducted among 26 participants revealed
that the maximal forces which can be produced by knee and elbow
muscles are proportional to their cross-sectional area.?’” Then, be-
cause the EMG activity during MVC reflects the cross-sectional area
of the muscle which is much smaller in DIG than in MA, the DIG
needs to be activated much more than the MA to achieve the fixed
position by co-contraction when compared as the EMG activity nor-

Our results indicate that jaw clenching at the intercuspal position

(i.e., the occlusal position where all teeth contact simultaneously)
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FIGURE 4 The pooled data for the occlusal pressure. The
mean values in the no clenching and clenching conditions, for the
seven participants, are presented in the bar graph. MOP, maximum
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4 | DISCUSSION

This study aimed to clarify the effect of jaw clenching on protecting
the head from traumatic damage to the body. We observed three
main findings. First, under the no clenching condition, the activity
of the jaw opener and closer muscles started increasing simultane-
ously, slightly prior to the impact; peaked; and subsequently returned
to the baseline after the impact. In addition, no participant had oc-
clusal contact throughout the experiment under the no clenching
condition. Second, there was no significant difference in onset time,
time-to-peak of the EMG activities or the increase in EMG activ-
ity at its peak between conditions (with and without jaw clenching).
Third, between clenching and no clenching conditions, there was no
significant difference in the first and second peak values of head ac-
celeration induced in response to the same pendulum load impact.
The mandible should be fixed in a position that is optimal for the
prevention of a traumatic impact to the body. Our results suggest
that participants instinctively fixed their jaws in a slightly distanced
position by co-contracting the jaw opener and closer muscles with-
out occlusal contact against impact in the no clenching condition.
Other previous studies have postulated that to keep participants’
jaws stable during rapid head movement could be inherently safe
in terms of eliminating hazardous trauma.®® We previously found
that occlusal contact was almost absent when athletes experienced
impact during martial arts sporting activities, such as judo, boxing
and nippon kenpo.®”?* From a physiological point of view, the stabi-
lisation of the jaw position during locomotion is controlled by reflex
pathways. One reflex (the stretch reflex) contributes to preventing

the jaw from bouncing during locomotion by maintaining a fixed jaw

affected neither the head acceleration nor the activity of the jaw
opener muscle during the impact to the body, though several studies
have reported regarding the effectiveness of jaw clenching for the
reduction of head acceleration. Such studies should be interpreted
with caution because of the following two reasons. First, those stud-
ies could not accurately confirm that participants clench their jaws
during the test exercise and may have overlooked an unclenching of
the teeth. This was because these studies only evaluated the activity
of the MA to monitor jaw clenching, which does not differentiate jaw
clenching at the intercuspal position from jaw fixation in a slightly
distanced position (i.e., a jaw position where upper and lower teeth
are slightly separated while co-contractions of the jaw opener and
closer muscles occur). We overcame this limitation by monitoring
the occlusal contacts with a sensor sheet placed between the upper
and lower teeth, in addition to monitoring the activity of the MA.
This sensor sheet enabled direct and spontaneous monitoring of the
occlusal contact throughout the experiment. Second, head acceler-
ation is difficult to measure accurately. In most previous studies, ac-
celerometers were attached to a helmet or a headband. Therefore,
there was a possible cushioning effect from inclusions (such as hel-
mets or headgear) between the skull and accelerometers, poten-
tially resulting in inaccurate measurement of head accelerations.
Accelerometers mounted directly into or on helmets have previously

2829 and helmet fit can

been shown to overestimate head motion,
affect the accuracy of the system.3® We overcame these limitations
by attaching the accelerometer to the upper teeth, a hard tissue di-
rectly connected to the head skull, to minimise the risk of overesti-
mating head acceleration. As found in this study, DIG activity largely
increased in response to pendulum impact even during clenching.
Nevertheless, occlusal pressure remained almost constant because
MA and DIG were simultaneously activated under the clenching and
no clenching conditions in response to the impact (Figure 2A). Thus,
unclenching was not induced in response to the impact.
Contrastingly, some epidemiological studies have reported that
the use of a mouthguard is effective for the prevention of sport-
related concussions.>*? These results could be explained by the

effectiveness of mouthguards with respect to ensuring a fixed jaw
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position. For example, several studies have revealed that the use of
a mouthguard increases the activity of neck muscles, which may as-
sist in fixing the jaw, which then decreases head acceleration during
impact.®>3* Further studies are required to elucidate how the use of
a mouthguard decreases the risk of concussions.

Our results should be interpreted with caution because of fol-
lowing four reasons. First, this study was conducted on a small sam-
ple size, which may have caused type Il errors (i.e., false negatives)
during statistical analyses. However, clinically meaningful differ-
ences were not observed qualitatively for comparisons of p > .05.
For example, the difference in mean head acceleration between
the no clenching and clenching conditions was 0.2 m/s? (a 1.3%
difference). Therefore, we believe that type Il errors were avoided.
Second, the impact that participants experienced was much smaller
than an impact that would cause a concussion. However, this lim-
itation cannot be overcome without violating ethical standards.
A computer simulation is necessary to reproduce the impact that
would cause a concussion. Furthermore, a computer cannot easily

simulate the characteristics of multiple tissues (such as the bone,

FIGURE 5 The comparison of pooled
data for the head acceleration activities
in the no clenching and clenching
conditions. The mean values in the no
clenching and clenching conditions, for
‘ the seven participants, are presented in
the bar graph. (A) The onset time of head
acceleration (p = .38). (B) The first peak
value of head acceleration (p = .69). (C)
° The first peak time of head acceleration
(p = .81). (D) The second peak value of
head acceleration (p = .08)

No Clenching Clenching

No Clenching Clenching

muscle and skin) that possess various biomechanical properties or
various physical functions, such as postural control to compensate
for the impact. Nonetheless, we believe that the results of this
study provide beneficial data among human participants. Third, in
the previous studies,? impacts were received with the chest or
head, but not with the hand of an extended arm. Direct impact to
the body trunk may have more severe traumatic effects than that to
the hands. Lastly, findings of the present study are limited to an ex-
ternal perturbation applied in the sagittal plane. Studies have shown
that the direction of the perturbation modulates muscle activities of
trunk and leg muscles.

In conclusion, our results suggest that the participants naturally
fixed their jaws in a slightly distanced position by co-contracting the
jaw opener and closer muscles without occlusal contact against im-
pact. Our results further indicated that jaw clenching at the inter-
cuspal position did not affect either the activity of the jaw opener
muscle or head acceleration during the impact to the body. On the
contrary, we believe that a slightly distanced jaw position, achieved

by co-contracting the jaw opener and closer muscles without
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occlusal contact, might be an inherently safe reactive jaw position
for reduction of head acceleration while the body experiences a
predictable impact. Moreover, we found that jaw clenching does
not contribute to the reduction of head acceleration in response to
pendulum impact more than the distanced jaw position does. Most
importantly, we found that the activation of DIG to minimise head
acceleration in response to pendulum impact was similar in the
clenching and no clenching conditions. This suggests that DIG may
play a crucial role in the reduction of head acceleration, regardless

of MA muscle activity.
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