Case Reports in Clinical Medicine, 2019, 8, 147-151
http://www.scirp.org/journal/crcm
ISSN Online: 2325-7083
ISSN Print: 2325-7075

Evaluation of a Mouthguard Customized Using
the Occlusal Position during Maximal Grip
Strength to Improve Sports Performance.
A Case Report
Yoshiro Fujii
Shin-Kobe Dental Clinic, Chuou-Ku, Kobe, Japan

How to cite this paper: Fujii, Y. (2019)
Evaluation of a Mouthguard Customized
Using the Occlusal Position during Maximal Grip Strength to Improve Sports Performance. A Case Report. Case Reports in
Clinical Medicine, 8, 147-151.
https://doi.org/10.4236/crcm.2019.86017
Received: May 21, 2019
Accepted: June 15, 2019
Published: June 18, 2019
Copyright © 2019 by author(s) and
Scientific Research Publishing Inc.
This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/
Open Access

Abstract
Two customized mouthguards were developed for a 35-year-old male kickboxer. These were identical in thickness (the vertical dimension between the
upper and lower jaws), the material, and similar in form (visible outline);
however, one mouthguard was designed such that the horizontal jaw position
was determined by the maximal grip strength obtained by the subject during
the Bi-Digital O-Ring Test. Both mouthguards were satisfactory in terms of
how they felt during wearing and breathing; however, the subject achieved
higher kicking force, punching force, and back muscle strength while using
the mouthguard with an optimized horizontal jaw position. These findings
suggest that to enhance sports performance, it may be important to determine the optimal biting position. The grip strength obtained during the
Bi-Digital O-Ring Test is a useful parameter for this assessment.
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1. Introduction
Mouthguards are used for the prevention of traumatic dental injury and are important components of athletic equipment for participants of contact sports such
as boxing, kickboxing, football, baseball, soccer, hockey, skateboarding, and
gymnastics. In addition to the preventive role of mouthguards, there is some
evidence that their use may influence athletic performance [1] [2] [3]. The purpose of this case report is to compare the effect of the occlusal position on sports
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performance.

2. Case Presentation
The subject was a 35-year-old male kickboxer. He had passed for 9 years after he
debuted as a professional kickboxer at 26 years old but results weren’t good recently. A peak of physical ability had also passed like his age, so he would have
liked to play by a good mouthguard which makes a good biting situation to
promote sports performance. A customized mouthguard had previously been
developed for the subject. However, improvement of the sports performance like
the rise of the muscle strength wasn’t shared from this old mouthpiece. Therefore, a new mouthguard was developed that was comparable to the old one in
some dimensions. Both mouthguards had an occlusal vertical dimension of approximately 3 mm; however, the new mouthguard was designed with a horizontal biting position that was associated with the maximal grip strength achieved
during a Bi-Digital O-Ring Test (Figure 1) [4] [5] [6].
To determine the horizontal jaw position, cotton blocks were placed on both
molars such that the occlusal vertical dimension was raised by 3 mm at the anterior teeth; the subject was instructed to bite down, then move the lower jaw
slightly while holding the cotton blocks between the upper and lower molars.
Assessor administered the Bi-Digital O-Ring Test to identify the jaw position
with the strongest grip. In this position, silicone rubber was poured into the
space between the upper and lower jaws in order to record the occlusion. Plaster
models of the upper and lower jaw were mounted using the silicone rubber to
develop a customized mouthguard.
The new and old mouthguards (Figure 2, Figure 3) were used during a series
of assessments that measured kicking force, punching force, and back muscle
strength. As a result, kicking force, punching force, and back muscle strength
were higher when using the new mouthguard (327 kg, 204 kg, and 92 kg, respectively) than those when using the old mouth guard (304 kg, 193 kg, and 82 kg,
respectively); these differences reflect improvements of 7.6%, 6.3%, and 12.2%,
respectively when using the new mouthguard.

Figure 1. The Bi-Digital O-Ring Test was used to assess grip strength over a range of jaw
biting positions.
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Figure 2. New mouthguad.

Figure 3. Old mouthguard. (Both outline form is similar. Vertical dimension between
upper and lower jaw is the same, but horizontal biting position is different during placing
them).

These assessments were video-recorded and can be observed on YouTube
“Mouthguard for promoting sports performance”
https://www.youtube.com/watch?v=EfJkfHJmShw. In this video, the old and
new mouthguards are referred to as the “normal” and “special” mouthguards
respectively.

3. Discussion
Mouthguards are considered effective devices for buffering impacts that may
cause dental and maxillofacial injuries during sports; however, their use alters
the occlusal and mandibular positions. These changes have a substantial effect
on full-body functioning [7]-[12] and may impact sports performance [13] [14]
[15]. In this report, two customized mouthguards were compared. The old
mouthguard raised the occlusal vertical dimension by approximately 3 mm at
the anterior teeth; the new one provided the same occlusal vertical dimension
but was designed with a horizontal occlusal position that was associated with the
maximal grip strength achieved during the Bi-Digital O-Ring Test [4] [5] [6]
[11] [12]. When using the new mouthguard, higher kicking force, punching
force, and back muscle strength were achieved than those achieved when using
DOI: 10.4236/crcm.2019.86017
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Figure 4. The subject won a championship event while using the new mouthguard in
spite of older age as a sports player.

the old mouthguard. Following this study, the subject won a championship event
while using the new mouth guard in spite of older age as this sports player
(Figure 4). It is not clarified underlining mechanism why the sports performance has so improved by changing the horizontal occlusal position. However,
anatomically, the trigeminal nerve existing around the oral cavity is the largest
among the 12 pairs of cranial nerves. This fact suggests that quite much information is transmitted to a brain from a mouth. This is also clear from the experience that an author improved serious Alzheimer’s disease by locating dentures
[12]. In our study, it was useful to determine the optimal biting jaw position associated with better sports performance, which was represented by grip strength
determined using the Bi-Digital O-Ring Test.

4. Conclusion
Mouthguards are essential equipment for athletes who take part in contact sports.
In addition to preventing injury, mouthguards designed using the optimal occlusal
position may improve sports performance. A useful measure to determine this is
the maximal grip strength achieved during a Bi-Digital O-Ring Test.
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