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This study aimed to analyze the effect of wearing a mouthguard or not
on masticatory muscle tone and stiffness of male taekwondo athletes
during high-intensity weight training. The participants were male tae-
kwondo athletes and aged 18 to 22 years. We randomly divided 24 men
into the control group (CON; without a mouthguard; n=12) and the ex-
perimental group (MOG; with a mouthguard; n= 12). Masticatory muscle
tone and stiffness were measured after weight training at a level of 70%
of one-repetition maximum. As a result of this study, masticatory muscle
tone was no different in intragroup and intergroup after experiment. In

INTRODUCTION

The orofacial injuries have been increased in the combat sports
or martial arts such as boxing, wushu, taekwondo etc. The pre-
vention and management of orofacial injuries or dental trauma are
very important parts of the medical care services for the sports
athletes (dela Cruz et al., 2008; Garon et al., 1986; Tuna and Ozel,
2014). The mouthguard is used for the prevention and manage-
ment of orofacial or dental injuries and temporomandibular joint
disorders (Mizumachi et al., 2008). Recently, the combat sports-
men have used a mouthguard for conducting high-intensity train-
ing for improving the physical fitness including muscle strength
and endurance (Mizumachi et al., 2008). In other words, although
a mouthguard was originally used for orofacial injuries prevention,
elite athletes are now using performance a mouthguard to improve
athletic success. In the aspect of using a mouthguard, several re-
searchers reported that the clenching a mouthguard has a positive

addition, although the masticatory muscle stiffness was significantly
higher in the dominant side of the MOG, there was no difference in in-
tergroup, intragroup, and interaction. Through this study, itis necessary
to consider the selective wearing of a mouthguard according to the
training methods when partially analyzed from the physiological point of
view of the masticatory muscle of tackwondo athletes.

Keywords: Mouthguard, Masticatory muscle tone, Masticatory muscle
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effect on muscle strength and quickness, while some researchers
reported that there was no difference of strength with or without
using a mouthguard (Alghadir et al., 2017; Bates and Atkinson,
1983; Cetin et al., 2009; Garon et al., 1986; Yates et al., 1984).
Parker et al. (1984) found no significant differences in shoulder
adduction and knee extension whether subjects were or were not
wearing interocclusal splints. On the other hand, several researchers
have studied the ergogenic effects of wearing a mouthguard on
different functional and physiological strength and muscular power
performances (Bergamini et al., 2008; Bernat et al., 2016). More-
over, some researchers suggested that the improvements in neuro-
muscular connections with jaw repositioning have been observed
through improvements in muscle activation and proprioceptive
function (Bernat et al., 2016). In other words, there is no consen-
sus about the relationship between the use of a mouthguard and
muscle strength. Especially, high-intensity training is required for
athletes to perform weight training to improve athletic perfor-
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mance and protect muscles (Cha and Jee, 2018). When performing
high-intensity weight training, a mouthguard is worn to protect
teeth as well as masticatory muscles. However, until now, studies
have not conducted specific studies on whether it is beneficial to
perform high-intensity training with a mouthguard or whether
there is a problem even if high-intensity training is performed
without wearing a mouthguard.

Therefore, the goal of this study was to investigate whether
during high-intensity weight training revealed masticatory muscle
tone and stiffness changes compared with and without wearing a
mouthguard in taekwondo athlete. Through this study, we would
like to represent the new physiological effect of masticatory mus-
cles by wearing a mouthguard for weight training of tackwondo
athletes.

MATERIALS AND METHODS

Subjects

The participants consisted of 24 healthy males who had no his-
tory of missing tooth, facial paralysis, malocclusion, orthodontic
treatment, and cardiorespiratory disease. The subjects were tae-
kwondo athletes who were participated in regular tackwondo train-
ing 6 days per week. We randomly divided into the control group
(CON; without a mouthguard; n=12) and the experimental group
(MOG; with a mouthguard; n=12). The mouthguard used single
upper maxillary mouthguard (Pine Tree SangMoo-SA, Seoul, Ko-
rea) of soft silicone materials. This study used a single upper max-
illary guard without a breathing hole because forced expiratory
volume in 1 sec differed according to types of mouthguard and
breathing hole (Francis and Brasher, 1991). This study was ap-
proved by Howon University Institutional Review Board for Hu-
man (041585-201906-HR-001-01). Before this study, subjects
were informed of the experiment procedures and purpose of the
study and we were required to provide informed consent. All sub-
jects also agreed not to perform exercises that would aerobic or
anaerobic exercise before the experiment were included. The gen-
eral characteristics of the participants are shown in Table 1.

Muscle tone and stiffness

We measured the masticatory muscle tone and stiffness of the
subjects using the Myometer (Myoton PRO, Myoton AS, Tallinn,
Estonia). This Myometer is used to measure the muscle tone and
stiffness by applying a mechanical impact to the muscle tissue with
a force of 0.40 newton (N). This Myometer can quickly measure
muscle tone and stiffness with high levels of reliability (Aird et al.,
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Table 1. Physical characteristic of the subjects

Variable CON (n=12) MOG (n=12) V4 Pvalue
Age (yr) 1967+1.07 19.83+1.19 -0.366 0.755
Height (cm) 7129+£9.17 70331032  -0.405 0.713
Weight (kg) 17867+6.88  176.58+5.63 -0.869 0410
Dominant side (n)

Leftright M 2:10

Values are presented as mean + standard deviation.
CON, control group; MOG, mouthguard group.

2012). The muscles that were measured the temporal muscle and
masseter muscle of both sides. To determine the dominant side
and nondominant side of both facial masticatory muscles, subjects
were asked to chew gum. The side that was more comfortable for
the subjects to feel was the dominant side, and the side that was
not the nondominant side was selected. Before the study, we per-
formed skin markers on the highest point of the muscle belly of
each measured muscle, and measured by placing the Myometer
vertically on the skin marker. The muscle tone and stiffness of the
bilateral anterior temporal muscle and masseter muscle were mea-
sured before and immediately after weight training.

Experimental intervention

We performed an exercise protocol, according to a previously
study methods (Clark et al., 2019; dela Cruz et al., 2008). Prior to
main workout, all subjects were performed warm-up and cool-down
for 10 min, respectively. The workout protocol consisted of seven
types weight training (leg extension, squat on smith machine, leg
curl, kick back, leg press, standing calf raises, and deadlift). The
weight training for all subjects was repeated twelve times a set with
70% of one-repetition maximum (1RM), and a total of three sets
were performed. The rest time between each set was 60 sec. The
measurement of 1RM was based on the previous studies (Clark et
al., 2019; Park et al., 2019).

Statistical analysis

Prior to analysis, we observed differences between groups using
the Mann—Whitney U-test before comparing between groups, as
shown in Table 1. All data are reported as the mean (standard de-
viation). The sample size was determined using G*Power v 3.1.3,
considering an a priori effect size of f* (V)=0.35 (medium-size ef-
fect), a error probability of 0.05, and power (1-P error probabili-
ty) of 0.95. Based on the results of the Shapiro-Wilk test, the
nonparametric Mann—Whitney U-test and Wilcoxon rank test
were used to examine the differences of variables between groups
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and to examine the changes of variables between times. A signifi-
cance of P<0.05 was employed. IBM SPSS Statistics ver. 22.0
(IBM Co., Armonk, NY, USA) was used for all analyses.

RESULTS

Comparison with anthropometric indices between groups

As shown in the Table 1, there were no differences in baseline
characteristics between the CON and MOG, indicating that ho-
mogeneity was established.

Difference and change of masticatory muscle tone and
stiffness

As shown in Table 2, the muscle tones of nondominant and
dominant masticatory muscles in both groups tended to be in-
creased after the experiment, although not significant different in
intergroup. As shown in Table 3, the muscle stiffness of both mas-
ticatory muscles in the groups showed an overall increase as well,

Table 2. Comparative results of muscle tone (Hz) of masticatory muscle

although not significant different in intergroup. Specifically, al-
though the muscle stiffness of the nondominant masticatory mus-
cle of the MOG was significantly increased compared with that
CON (P <0.05), there was no significant difference in intergroup.

Difference and change of temporal muscle tone and
stiffness

As shown in Table 4, the muscle tones of dominant and non-
dominant temporal muscles in both groups tended to be increased
except for that of nondominant temporal muscle in the MOG af-
ter the experiment. As shown in Table 5, the muscle stiffness of
both temporal muscles in the groups showed an overall increase as
well except for that of nondominant temporal muscle in the
MOG. Although the muscle tone and stiffness of two temporal
muscles in the both groups were increased compared with those
of CON, there were no significant differences in intergroup and
intragroup.

Table 4. Comparative results of muscle tone (Hz) of temporal muscle

Nondominant Dominant
CON MOG V4 CON MOG V4

Time

Nondominant Dominant
CON MOG V4 CON MOG V4

Time

Pre  1394+070 14.05+£111 -0202 13.59+058 1365+1.24 -0.087
Post 14.38+2.11 1441+1.13 -0924 14.38+1.98 1394+153 -0404
V4 0.31 -1.646 -1512 -0.863

Pre  29.04+453 31.39+486 -1415 29.05+445 31.32+505 -1.184
Post 29.35+4.95 30.04+400 -0.808 30.07+394 3261+493 -1675
Z 047 -1.098 -0.746 -0.941

Values are presented as mean + standard deviation.
CON, control group; MOG, mouthguard group.

Table 3. Comparative results of muscle stiffness (Nm) of masticatory muscle

Values are presented as mean + standard deviation.
CON, control group; MOG, mouthguard group.

Nondominant Dominant
Time
CON MOG CON MOG V4
Pre 2712143228 270.79+51.26 0318 262.75+32.97 265.79+33.70 0520
Post 278.46+75.50 295.92+62.04 -1.155 303.00+109.94 273.71+55.61 -0.289
V4 0432 -1.961% -1.778 0314
Values are presented as mean + standard deviation.
CON, control group; MOG, mouthguard group.
*P<0.05.
Table 5. Comparative results of muscle stiffness (Nm) of temporal muscle
Nondominant Dominant
Time
CON MOG CON MOG 7
Pre 699.08+72.10 731.00+109.30 -1.039 683.46+74.50 743.92+96.04 -1.501
Post 712.21+84.73 711.63+64.86 -0.346 715.04+58.92 754.25+87.25 -1.126
V4 -0.235 0784 -1.648 0549

Values are presented as mean + standard deviation.
CON, control group; MOG, mouthguard group.
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DISCUSSION

This present study found that the muscle tone and stiffness of
masticatory muscle in the two groups showed the increased ten-
dencies after the high-intensity weight training. However, there
was no statistically significant difference between MOG and
CON after the experiment. These tendencies represented in the
dominant and nondominant sides of temporal muscles in both
groups as well.

Mouthguard is a widely used combat sport athletes, but previous
studies have mostly conclusions about the safety of teeth (dela Cruz
et al., 2008) or training effect (Ball et al., 2011; Kim et al., 2018).
Especially, in the aspect of training effectiveness, wearing a mouth-
guard is very important to the combat sportsmen. In fact, when
neural firing of alpha motor neuron, muscle contraction begins
(Stifani, 2014) and muscle tone can be increased (Ahmed, 2016).
However, an excessive increase of muscle tone or stiffness can in-
crease the risk of injury (Butler et al., 2003). From this point of
view considering these negative effects, we began a study to find
out how weight training after wearing a mouthguard affects the
tone and stiffness of the masticatory muscles. Through this study,
it is newly suggested that wearing a mouthguard may reduce the
burden on the rigidity of the masticatory muscle when weight
training is performed at 70% of 1RM in tackwondo athletes. Ra-
quel et al. (2017) analyzed masticatory muscle activity using elec-
tromyography for the effect of wearing a mouthguard during train-
ing of Karate athletes. In their study, they observed the muscle ac-
tivity of the both masticatory muscles in resting conditions after
training. In their results, they reported that there was no signifi-
cant difference between groups.

Masticatory muscles are clenched and chewing with neuromus-
cular control of the trigeminal nerve, but masticatory muscle fibers
are type II muscle fibers predominate (temporal muscle: 52% to
73%, masseter muscle: 48% to 65%), this muscle activity decreas-
es due to rapid muscle fatigue (Mao et al., 1992). Conversely, in
healthy adults, continuous muscular contraction of specific mus-
cles immediately increased muscle tone and stiffness significantly
(Wang, 2017). Therefore, the changes in muscle activity and stift-
ness of connective tissue after training may have opposite results.
In addition, the previous study has the disadvantage of analyzing
the measured muscles with the left and right muscles without
classifying them into dominant and nondominant muscles during
chewing activity. Our research has a feature that complements the
disadvantages of previous research by dividing it into the domi-
nant side and the nondominant side during mastication activity,
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s0 it can be more advantageous in the use of research results.

Considering the characteristics of combat sport athletes, it may
be necessary to wear a mouthguard during weight training due to
problems with the jaw joint or teeth. We also recommended wear-
ing a mouthguard in tackwondo athletes and performing a mas-
sage or a stretching on the masticatory muscles to reduce increased
stiffness in the nondominant or dominant side after weight train-
ing. Actually, the rehabilitation program combined with massage
and transcutaneous electrical nerve stimulation is effective in re-
ducing muscle tone and stiffness caused by continuous strong mus-
cle contraction (Nakamura et al., 2018; Wang, 2017). Moreover,
the high-intensity weight training for tackwondo athletes is very
important for their successful competition. In other words, after
weight training of combat sport athletes, the masticatory muscle
tone and stiffness have been managed for their future. These re-
sults of this study indicate that the teeth alignment and occlusal
force are improved after weight training is performed while wear-
ing the mouthguard and the muscle contraction force is increased
in the nondominant muscle. In addition, it is thought that the
muscle contraction, which unconsciously bites the mouthguard
while performing weight training, continuously repeated muscle
contraction increased muscle tone of the nondominant masticatory
muscle, although not significant. In other words, although the
masticatory muscle tone and stiffness were higher in the dominant
or nondominant sides of MOG compared with those of CON,
there was no difference in intergroup, intragroup, and interaction.
Through this study, it is not necessary to consider wearing of a
mouthguard when tackwondo athletes should perform a weight
training at 70% of 1RM.

Considering the characteristics of combat sport athletes, it may
be necessary to wear a mouthguard during weight training due to
problems with the jaw joint or teeth (Castroflorio et al., 2005).
Dunn-Lewis et al. (2012) reported that wearing a mouthguard
during the power balance performance improves performance of
upper-body loaded power exercises in both men and women. On
the other hand, Cetin et al. (2009) reported that there was no dif-
ference in 20-m sprint time, jumping tests, handgrip strength,
isometric leg, and back strength in comparison of exercise perfor-
mance according to the presence or absence of wearing a mouth-
guard of tackwondo players. However, they suggested that wear-
ing a mouthguard could increase anaerobic performance and in-
crease the isokinetic peak torque of the hamstring muscles. On
dated, only some studies published to masticatory muscle activity
while with or without wearing a mouthguard were found in the
literature (Ginszt et al., 2020; Raquel et al., 2017). Wearing mouth-
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guard can be expected to modulate unnecessary masticatory mus-
cle activity of combat sports athlete (Raquel et al., 2017). Although
we have recommended wearing a mouthguard in tackwondo ath-
letes and performing high-intensity weight training, this study
confirms that it is not necessary to wear a mouthguard for weight
training.

Eventually, as a result of this study, masticatory muscle tone was
no different in intragroup and intergroup after experiment. In ad-
dition, although the masticatory muscle stiffness was significantly
higher in the dominant side of the MOG, there was no difference
in intergroup, intragroup, and interaction. Through this study, it
is not necessary to consider wearing of a mouthguard when tae-
kwondo athletes should perform a weight training at 70% of
IRM.
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