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Abstract — Aim: Dental implant—supported reconstructions demonstrate
significantly less physiological flexibility for loading and traumatic forces
compared with a normal dentition because of their rigid integration with
the adjacent bone. Ethylene vinyl acetate (EVA) material has become
widely accepted as a mouthguard material; however, many studies indicate
the necessity of improving the impact absorption ability by considering the
design and developing new materials. The aim of this study was to com-
pare the shock-absorbing ability of a novel dual component material com-
prising EVA and porous rubber with that of EVA alone. Materials and
methods: Three groups of samples were tested: Group 1 = EVA (thickness,
4 mm), Group 2 = type 1 material (2-mm thick porous rubber sheet sand-
wiched between two sheets of 1-mm thick EVA sheets), and Group

3 = type 2 material (1-mm thick porous rubber sheet sandwiched between
EVA sheets with 1 and 2-mm thickness, respectively). Shock absorption
was determined by means of a hammer impact testing device equipped with
strain gauge, accelerator, and load cell. Results: The value of shock-
absorbing ability of group 2 (40.6 £ 12.5%) was significantly higher than
those of group 1 (15.6 + 2.1%) and group 3 (21.2 + 9.2%). The material
with thicker rubber sheet showed significantly higher shock-absorbing abil-
ity compared with that of the material with thinner rubber sheet. Conclu-
sions: The novel dual material was superior to conventional EVA material
in shock-absorbing ability depending on the thickness of porous rubber,
and it may be potentially effective as mouthguard material, in particular,
for patients wearing implant-supported constructions.

The use of mouthguards can reduce the incidence and
severity of sports-related oral injuries involving teeth,
soft tissue, alveolar bone, and the temporomandibular
joint by providing a resilient and protective surface to
distribute and dissipate transmitted forces on impact
(1-5). Although it seems that mouthguards can decrease
the incidence of brain injury or concussion, there is no
empirical evidence to support this claim (6-9).

Risk of dental trauma in some sports with non-
intentional contact among participants can be as high
as that occurring in some full-contact sports, where the
use of mouthguards is mandatory already. Therefore,
the use of mouthguards should be strongly considered
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and recommended even in sports, with non-intentional
or limited contact among participants (10). Ethylene
vinyl acetate (EVA) has become widely accepted as a
mouthguard material, albeit many studies indicate the
necessity of improving the impact absorption ability of
mouthguards by reconsidering their design and devel-
oping new materials (11-14).

Dental rehabilitation of totally or partially edentu-
lous patients with dental implants has become a routine
treatment modality in the last decades with reliable
long-term results (15, 16). Especially, dental implant
has become the treatment of choice for replacing one
missing tooth (17). Consequently, the number of
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athletes treated with dental implants is increasing. The
physiological mobility differs between natural teeth and
dental implants. An osseointegrated implant is ‘rigidly’
fixed to bone and may move only 10 um, which is
primarily a result of bone flexure, while a natural tooth
with a healthy periodontal ligament has a mobility of
50-200 um (18). Owing to this difference in physiologi-
cal flexibility, the same amount of stress could have a
more dangerous effect for dental implants than for
teeth. Therefore, the shock-absorbing ability of conven-
tional EVA mouthguards may not be enough to
prevent sports-related oral injuries for patients rehabili-
tated with dental implants.

In the present study, a novel dual component mate-
rial for mouthguards was compared with regard to the
shock-absorbing ability to conventional EVA.

Material and methods

Mouthguard material

Two mouthguard materials were assessed for this
study: Impact guard (GC Corp., Tokyo, Japan) and
Saporous (Asahi Rubber Inc., Saitama, Japan). Impact
guard was chosen as conventional EVA material. The
thickness was 1, 2, and 4 mm. Saporous was thermo-
plastic elastomer sheet.

Three group of samples were tested: Group 1 = EVA,
Group 2 = type 1 material (2-mm thick thermoplastic
elastomer sheet sandwiched between two sheets of 1-mm
thick EVA sheets without adhesive), and Group
3 = type 2 material (I-mm thick thermoplastic elastomer
sheet sandwiched between EVA sheets with 1- and 2-mm
thickness, respectively, without adhesive). Eight samples
were tested per group. The size of each sample was
approximately 13 mm~ with a flat shape.

Characterization

The morphology of thermoplastic elastomer sheet was
observed by a scanning electron microscope. The sur-
faces were coated in a vacuum evaporator (Quick
Coater Type SC-701; Sanyu Denshi Inc., Tokyo,
Japan), with a thin film of gold. The specimens were
observed using a FE-SEM (ERA-8800FE; Elionix Ltd.,
Tokyo, Japan).

Experimental methods

Shock absorption was determined by means of a ham-
mer impact testing device equipped with strain gauge,
accelerator, and load cell (OMNIACE2 RA1200
TYPE-504-CA-4; NEC Avio Infrared Technologies
Co., Ltd., Tokyo, Japan) (Fig. 1). The room tempera-
ture was 21.9°C with air conditioner. A single hammer
impact was used. Values of shock-absorbing ability
were calculated as follows:

Shock-absorbing ability(%) = (maximum acceleration
of blank —maximum acceleration of sample)/maximum
acceleration of blank x 100.

Statistical analysis

The values were shown as mean + SD. Statistical anal-
ysis was performed by one-way analysis of variance test
with post hoc multiple comparison (spss ver. 15.0; SPSS
Inc., Chicago, IL, USA).

Results

Characterization

Figure 2 shows a representative SEM image of novel
thermoplastic elastomer sheet. Topographical analysis
showed that the pore size was approximately 5-50 um.
The shape of the pore was not circular but varied. The
material and the pore made a layer. A high-polymer
framework was observed. Figure 2¢,d show the repre-
sentative SEM images after single hammer impact tests.
The framework was not destroyed after the test, and
any relevant deformation was not observed.

Comparison of shock-absorbing ability

Figure 3 shows the shock-absorbing ability values. The
value of shock-absorbing ability of group 2
(40.6 £ 12.5%) was significantly higher than those of
group 1 (15.6 £2.1%) and group 3 (21.2 + 9.2%). The
material with thicker thermoplastic elastomer sheet
showed significantly higher shock-absorbing ability
compared with that of the material with thinner ther-
moplastic elastomer sheet (P < 0.05).

Discussion

EVA material has become widely accepted as a mouth-
guard material. However, several studies (11, 13, 19)
indicate the necessity of improving the impact absorp-
tion ability of EVA mouthguards, advocating either an
improvement in design or development of new materi-
als. This is of particular interest for the increasing
patient group rehabilitated with dental implant—sup-
ported reconstructions. Previous mouthguard designs
with regard to hardness, impact absorption, tear
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Fig. 1. Specially designed device to measure shock absorption
ability of mouthguard.
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Fig. 3. Comparison of shock-absorbing ability.

strength, and water sorption (20-22) have taken into
account the fact that a normal dentition has an
‘inbuilt’ flexibility of approximately 200 um owing to
the anatomical and physiological characteristics of the
periodontal ligament of the teeth. A well-integrated
dental implant has a physiological flexibility, which is
related to the flexibility of the bone tissue, allowing a
mobility of about which is only around 10 pm (18). To
our knowledge, this behavioral difference has not been
taken into account previously when designing optimal
mouthguards for this patient population, The thermo-
plastic elastomer sheet in this study is a continuous
pore high-polymer material and has already been used
as ‘Various insoles (High shock-absorbent)’, ‘Hip pro-
tectors for care goods (High shock-absorbent)’, and
‘Earplugs for the swimming (waterproof)’. According
to information provided by the company, the ratio of
porosity of these materials is 71%, 71%, and 66%,
respectively. Takeda et al. reported a method for
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. (a, b) Representative SEM image of the thermoplastic elastomer sheet. (c, d) Representative one of post-testing.

fabrication of mouthguards which consists of an outer
and an inner EVA layer and a middle layer of acrylic
resin. Such a method makes it possible to fabricate a
three-layer mouthguard (19).

Several research groups have reported limitations of
hammer impact tests. Tiwari et al. (23) used Fiber
Bragg gratings. They tested several impact levels. In
the present study, hammer impact test had been used.
The disadvantage of this test is that it is impossible to
adjust the impact degree. To mimic the clinical
situation, impact tests from several different directions
are required. A material tested as a flat sheet cannot be
considered to reproduce the clinical situation where a
mouthguard is shaped over curved surfaces and sharp
peaks of cuspal tips. Therefore, a laboratory test which
duplicates the clinical situation, comprising the perfor-
mance of an impact test of convex surfaces from sev-
eral directions, should be developed in further studies.

The novel materials were laminated. Hence, no
analyses with regard to fracture tests were performed.

Mouthguards have been utilized by athletes who
recognize the need for oral protection during their
sports activities. However, the frequency of mouth-
guard usage is still limited. Reasons for not wearing a
mouthguard are mainly the discomfort and the diffi-
culty in breathing as well as in speaking (24). Maeda
et al. (25) reported that, the necessary thickness of
mouthguards to acquire a sufficient shock-absorption
ability was about 4 mm in conventional EVA material.
It has been claimed that thickness of material more
than 4 mm for mouthguard is uncomfortable to wear
(26). Therefore, the thickness of samples of present
study was set at 4 mm. The shock-absorbing capacity
of EVA is considered not enough even to prevent trau-
mas even in natural teeth with periodontal ligament
(25). Hence, it does not fulfill the needs of protection
in athletes treated with dental implant. The amounts of
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vertical displacement between natural teeth and dental
implants differ. The amount of vertical displacement
under loading for natural teeth with periodontal liga-
ment tissue and dental implant is about 50 and 5 um,
respectively (18). The implant structure and the abut-
ment connection can be damaged by blunt force occur-
ring during sports. Another aspect taken into account
is that during sports, athletes tend to clench their teeth.
In such a situation, it might be possible that overload
might happen toward the dental implants, hereby caus-
ing potential overload and subsequent marginal bone
loss. The combination of a thermoplastic elastomer
sheet and dual layers of EVA demonstrated a signifi-
cant higher shock-absorbing value. Hence, it could be
an effective material in compensation for the different
displacement under pressure of natural teeth and dental
implants.

Conclusion

A novel dual component material was superior to
conventional EVA material in shock-absorbing ability
depending on the thickness of thermoplastic elastomer
sheet, and it may be potentially effective as mouth-
guard material. Such a high absorbing mouthguards
may be recommended for athletes with dental
implants.
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