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Fig. 1. (a) Ethylene vinyl acetate sheet, (b) duromate-TE, Signature Mouthguards System (Dreve
Dentmid gmbH, Unna, Germany) (c) Laminate type mouthguard

2) Miniature load cell

Strain type<] load cell (Kyowa, Japan)< ©]-&-3}
o A aFHS S, o] & 7IEo® T
+ #Z (slightly bite force contact, ©] 3} S-Contact
2} 3h, T3 A= wdHd og H=F (50% of
maximum bite force contact, ©] 5} H-Contact2} 3h),
Hd wggHol| o3t HZ (maximum bite force
contact, ©] 3} M-Contactz} 3he| 3vtA| 2 =% ¢t
AE FEST

3) Data analyzer PCD-300

Strain gauge®} load cell®] AIAE AZ3se] ©
olHE 3 st HiFHd Fo| 7}53 data
analyzer?l (PCD-300; Kyowa, Japan)E A}-8-3}o]
4= gk
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P (N, Newton)©| 2} 7Fg st &g 3} g2 2o
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Table 1. Young's modulus and Poisson’s ratio
of lower 1%'molarinthisstudy

Young’s modulus

Material Poisson’s ratio

(10*Mpa)
Enamel 5-8 0.3
Dentin 1.5-2 0.33
Hard bone 1.5 0.33
Lower 1"molar 0.36
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Fig. 2. Bite force generates compressive and
tensile strain.
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Table 1. Maximum bite force (N: newton)

Participant Maximum bite force
A 444.75N
B 332.12N
C 310.27N
D 323.78N
E 305.09N
F 332.12N
G 445.74N
total 2493.87N
mean 356.27N
2. g 2% o0 [ dlw

o et s Sk 94 S S
0:1 \:t].f,’-)xﬂﬂ: 7<1—7d— ‘6‘oﬂ -3k O] %_7]_5—]_
of wet ~Ele A77F freld ¢
At} (P<0.05).
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%t} (Table II)
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Table 1. Strain results of participants

Y S-contact H-contact M-contact
Participant m- m+ m- m+ m- m+
A 38.1 54 174.4 12.2 314.8 222
B 54 5.6 15.3 9.2 349 14.9
C 13.0 55 31.0 12.1 69.1 19.7
D 39 4.5 17.2 9.1 35.6 18.6
E 154 1.4 30.2 125 40.9 18.1
F 2.6 2.6 10.7 6.9 35.1 13.1
G 6.2 5.7 333 14.0 90.2 19.6
mean 12.1 4.4 44.6 109 88.7 18.0
X S-contact H-contact M-contact
Participant m- m+ m- m+ m- m+
11.7 2.6 29.6 6.4 659 119
B 2.6 1.6 59 23 20.3 8.4
C 25 1.7 6.6 52 20.3 11.3
D 1.0 1.5 6.4 1.4 16.3 6.2
E 52 4.1 11.6 7.1 18.4 10.4
F 29 25 6.1 39 209 7.0
G 49 4.0 20.1 6.5 56.1 11.3
mean 44 2.6 123 4.7 312 9.5

Y; compressive strain, X; tensile strain
S-contact : slightly bite force contact

H-contact : 50% of maximum bite force contact
M-contact : maximum bite force contact

m- : before mouthguard, m+: after mouthguard

4. TABIRE HOl2 =X 2Dt 2 SH =M o] gglonh, UelA] BE F5] wamel el

Hol stk AFNFEY AFUGEL

SABA A £ RSk BE Ao e g Ane BE A5 wadd f94g0] A
gl o 457 37 4o wFl o FHA

@ 4% Aol A4MGE] Aol fol4 997 B A9E GHAFBAA TS
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Table IV. Wilcoxon signed rank test of individual participant

Y A B C D E G H
Wi « « « x « « x
w2 x x x x x x
W3 x x x x x x x
W4 x x x x x x x
WS * * * * * * *
W6 * * * * * * *
W7 * *

W8 x x « x x
W9 x x x x x x x

X A B C D E G H
Wi x « « x « « x
w2 x x x x x x x
W3 x x x x x x x
W4 * * *

W5 x x x x x x x
W6 x x x x x x x
w7 *

W8 x x x x
W9 * * * * * *

Y+X A B C D E G H
W 1 * * * * * * *
w2 x x x x x x x
W3 x x x x x x x
W x x x x x x x
W5 x x x x x x x
W6 x x x x x x x
W7 x x x
W3 x x x x x x
W9 x x x x x « x

W; Wilcoxon signed rank test (*;P<0.05), Y; compressive strain, X: tensile strain

412

TUoI=SSUSAl 262 45, 2010



0191201 Al LMtl= XIOKHRI0N CHe

i
4J
¥
T
fon
o
ﬁ
©
o]

l

71 A whe}t 256 - 1423No.= P_Lﬂ
WA A A3 5
“ﬂ*of’a Jé% 7% o}OﬂO

R L

go, £

E} P A e =

w =

>

oo

-
N

1>
1o
ry
>
o e
2o
o rg
T of o
it
[o mt
ftl
ST

o)

(33
Y
r [
o
I
ok
)

o7 3% v
]_ %ﬂ_ﬁq.m-ﬂ)

o 2%

[yl
I\

o

el
R

ML)

=2
m
e}
-0,
o H

rr

[
H e
©
LLL

W 305 446N
9l ﬁk—% A

fo i fz o Lok £oop K E

G
(ST}

(%)
N
[@))

2004 o] Takeda 5& m
ol thall 70-80% % =2
2 BEHRLD 2 ATl 1%
type strain gage)<] *Eﬂﬂ J 74 ]
S W (FEY
)07 FA Z:Eﬁﬂ
E’:l oz —7z'sl~=].o:1 KN Lq]E 7]
xc}goﬂ A 40- 80%-4
= 50-90% = Jﬂﬂ' 65‘7

R

19

Ak 7] 4 Aol o] omm A=A
371U et Ak s
7hetgon ol hE
SE PR Eﬁwoy A3
rJr AAHMEE BT 24 19 (A

fﬂz} Pl el , UeiA S84
A freld il 2
ddlel F7hsrsAeh
b AE S o] obEY]

el weh 2o %7}6}91
= A3ALEA A Tle A
*}OMW 4%4 @x} B,

H

SUEHAl 26#A 43, 2010

(A2 AA Y] 25, F3F

£ 4% (¥4AE8A B, CE, F)oﬂ
I, GEHY BN E 7 HE Alc>ﬂ 44 (¥
A2 D, E, F, O F3F =] wgE oA
W (IAEA D, E, FellA freldel gisith
v Hd o Aldle vhearte g

o] HmolA AEFHIFEY dFAYE
)

o] OWEM 9%9}2\%, Ao W A gole
BE AN fF9A A 2EH el s
ATt

B AT Ao B A Ko] A E tde
2 3te ddolnz JAFAE 7t thekgol
Zpol 7k A k. Hdl wE el A% b 2
o] 446N ©|%la1, 7} 2 ko] 305N o] qith.
2Ed Q9] f‘o—"r% 7H & HE Aol 1.0-38.1
pe, =3+ = Axo] witHod & 10.7-174.4
neth i’_?ﬂ'aoﬂ*ﬂh 16.3-314.8 pe7}A wj¢- 2
AzE Bt o] AL FAs| Alduitt wiE
T gEAR 9FHE FHol d2r] WY A
oz Az7tgitt,

413



OI2 - 2l - H3= - 018 - el

y+x
y

tan® = X | Y (#
O =arctan X/ Y (5219

1A 71912 o8 < 193779
atete] 2)xle] oA A
r=t} ageg 2EgQ
At AA A0 ~EHQ
JaFoll A Arke 2 19.37°% =9

o3 2 4 U

o
ol

2] 83} 99 2
Z

f
rlo

fo oot rr
o (L
ol Kl
% ot

= o m
N

)
(o]
- O
2

o hu
l’r
!

4 <
T

[¢]

=

o 10 =
e
ﬂi?_lgloogr,‘

— flo o
u:

it

ro
o R
I X
=
™
2y
ro, o
>{i

1o iy
e
Ky
i
o2,
=2
>,
of\
ko
e
po
rlo

oo §
=~

5

s 2
off

(]

re

-

2

=)

il

T,

L

)

)

D)

o

r;é:&ﬂﬁﬁ&ﬂrg

A2y \'ﬂ—?xl 99 g oldET] %
Hlgstel go] Frlettta ek o
Aitol| A & wf, npg-2rt=e] Fake A o
=71 Aol di A FelA e O a3t S 74
o= Ayztd

B Aol AitoA Ko 2%o] werrte

414

w2} 50-90% % ==
?54]]_0]]}\1 Ey;”x% oz _|<_>|_
2FNE BT HAH R E 65%2 &2
’é‘ EM

2 AP mhe2rtE A5 EA EVAE
A3} T}, 20021 Westerman 52] 9 7-ol] w2
H EVAE AMES nhf-2rtE9] E3E Poli
= AglA A5l FAZ FAETE Aot
o] AA T4 Fda st P o]F % vhg-
27t=e] Aget a2 FA wa 2ERle] W
‘ﬁ FEFE O Aotk 2BR Ao 23

& A F dom QA Faigk A5 g
@?Sﬂr Hje] BHE WA F2Ate] 78 A
& FA O thek A7 2o o AT

Westerman, Takeda, &< EVA & Alo]o] 743
of AEE H7FskAY, air space 5= F-oIg nf
F27tE T ATFste] ARt A S G E
o &3} ket stk o2 gt A
525 d7dte AQdAE 2EH AAE
ol&d] He A o Aoz AlRHTL

ofe] Hetsel 79 X AFolA o] v}

$alEE AREREY F3 329 T
e FREES nads BAd &5 A
WEEE o]yl 93

4] 4
o Aotg HE & ¢ 9&e & 5
e e e

=

TE fgel FuAelm 2] A3 % Hed
o S7+E SeiM= EapAolE FAA A,
2 A3 AN HRo] AHARL o]E7]
RHE Aote] nFWE Huste] A&t A%}
7159 e /P el o 2EeE Al
AE M E 2E2 AdE nhgart=o] A

Zro] 223 Aoz Az

“I=SEUSAl 26 45, 2010



0191201 Nl 2Mtl= XIOMHI0) CHet PSSR0 At

2 =
ooty FEE T, e HAE A

& 3ee] P A, A g A9 A @
A9 @@ s Aote] TP AEAL
AEYAA A o g3kl vh2TtE B E A

(P<0.05).
2. vhp27bE AR Foll= wgH e Skl w
2 Koo WAHE ~EHA] FrIant
(P<0.05).
3. nh§27te A

y

-
o
By
2
o
=

m El
ol
Ol

lo

N

A o
o 2

ox,
o =

by

olN
ﬂ

D)

59

'1—‘

¥0,

R
3

Vv

o

S
) [}
Y ox — o

B > ofy B oy i

Fel Ale] Aol nhs-27tE A -
Fof] B FA@AANA Ko Al Aol
WAL= 2EYRle] ATt (P<0.05).

5. vb-2rbEe] AE Hof vleke] A § At
oF 65%2] ~E#Q 4 &7 T

6. - AT = AR M Ht 3
o wEE-e 356N°| At

7.8 AT SHd
Poisson’s ratiox= 0.36°] %1t}

Al 1Th 73] o A 2]

ol Autg nFo] B u, nf¢ArlsEE o]
°Hg7] Aol Aolol WATE 2EHAL £
Aoz 74N 5 o, g Aolnss
e maAe PAREEALD ¢+ A

0

|

AD
ror

1. Woodmansey KF. Athletic mouth guards prevent
orofacial injuries. J Am Coll Health 1997;45:179-

TUoI=SSUSAl 26& 45, 2010

10.

11.

12.

13.

182.

. Winters LR, Schmitt LC. Tooth preservation in

contact sports. J Calif Dent Assoc 1961;37:368-370.

. Wehner PJ, Henderson D. Maximum prevention and

preservation: an achievement of intraoral mouth
protectors. Dent Clin North Am 1965;9:493-498.

. Oikarinen KS, Salonen MAM. Introduction of four

custom made mouth protectors constructed of single
and double layers for activities in contact sports.
Endod Dent Traumatol 1993;9:19-24.

. Strener JM, Lawson EA, Wright JM, Ricketts J

Mouthguards: protection against shock to head, neck
and teeth. ] Am Dent Assoc 1964;69:273-281.

. Seon-Dall Hwang, Sung-Bok Lee, Hyeong-Seob Kim,

Dae-Gyun Choi. The survey for the knowledge of
mouth protector to the sports player in Korea. J
Korean Acad Stomatog Func Occ 2007;23:205-218.

. Maestrello-deMoya MG, Primosch RE. Orofacial

trauma and mouth-protector wear among high school
varsity basketball players. J Dent Child 1989;56:36-
39.

. Marrow RM, Conci T, Seals RR. Oral injuries in

southwest conference women basketball players.
Athletic Training 1991;26: 344-345.

. Takeda T, Ishigami K, Ogawa T, Nakajima K,

Shibusawa M, Shimada A, Regner CW. Are all
mouthguards the same and safe to use? The influence
of occlusal supporting mouthguards in decreasing
bone distortion and fractures. Dental Traumatol
2004;20:150-156.

Takeda T, Ishigami K, Shintaro K, Nakajima K,
Shimada A, Regner CW. The influence of impact
object characteristics on impact force and force
absorption by mouthguard material. Dental Traumatol
2004;20:12-20.

Takeda T, Ishigami K, Jun H, Nakajima K, Shimada
A, Ogawa T. The influence of sensor type on the
measured impact absorption of mouthguard material.
Dental Traumatol 2004;20:29-35.

Hickey JC, Morris Al, Calson LD, Seward TE. The
relation of mouth protectors to cranial pressure and
deformation. J Am Dent Assoc 1967;74:735-740
Ou M, Taniguchi H, Ohyama T. Analysis on decay

415



OI2 - 2l - H3= - 018 - el

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

rate of vibration following impact to human dry skull
with and without mouthguards. Bull Tokyo Med
Dent Univ 1996;43:13-24.

Kumagai H, Suzuki T, Hamada T, Sondang P,
Fujitanl M, Nikawa H. Occlusal force distribution on
the dental arch during various levels of clenching. J
Oral Rehabil 1999;26:932-5.

Miyahara T, Hagiya N, Ohyama T, Nakamura Y.
Modulation of human H reflex in association with
voluntary clenching of the teeth. J Neurophysiol
1996;76:2033-2041.

Su-Jin An, Sung-Bok Lee. The effect on appendage
muscle strength due to increase in occlusal vertical
dimension. J Korean Acad Stomatog Func Occ
2001;17:231-244.

Yun Lee, Dae-Gyun Choi, Sung-Bok Lee. Effect of
occlusal balance on center of gravity in body. J
Korean Acad Stomatog Func Occ 2003;19:57-68.
Dental Materials. 2" ed. Koonja Publishing; 1998:
45-48.

Ho-Keun Kwon, Ja-Hea Yoo, Young-Sook Kwon,
Baek-11 Kim. Comparison of bite force with dental
prescale and unilateral bite force recorder in healthy
subjects. J Korean Acad Prosthodont 2006;44:103-
111.

Helkimo E, Carlsson GE, Helkimo M. Bite force and
state of dentition. Acta Odontol Scand 1977;35:
297-303.

Flystrand F, Kleven E, ilo G. A novel miniature bite
force recorder and its clinical application. Acta
Odontol Scand 1982;40:209-214.

Okiyama S, Ikebe K, Nokubi T. Association between
masticatory performance and maximal occlusal force
in young man. J Oral Rehabil 2003;30:278-282.
Cho YC, Kim TK. A study on maximum bite force
after dental implantation. J Kor Oral Maxillofac Surg
1997;23:541-547.

Seo JC, Kim JR, Yang DY. A study on changes in
the maximum bite force after orthognathic surgery. J
Kor Oral Maxillofac Surg 1996;22:121-129.

Jung BY, Jeon YS, Han DH. Occlusal force and oral
tactile sensibility measured in partially edentulous
patients with Brnemark implants and natural teeth: a

416

26.

27.

28.

clinical study. J Kor Acad Prosthodont 1999;37:
23-41.

Shinogaya T, Matsumoto M. Evaluation of prostho-
dontic treatment by occlusal force distribution: a
methodological study. Eur J Prosthodont Rest Dent
1998;6:121-125.

Shinogaya T, Bakke M, Thomsen CE,Vilmann A,
Matsumoto M. Bite force and occlusal load in
healthy young subjects - a methodological study. Eur
J Prosthodont Rest Dent 2000;8:11-15.

Bakke M, Michler L, Han K, Moller E. Clinical
significance of isometric bite force versus electrical
activity in temporal and masseter muscles. Scand J
Dent Res 1989;97:539-551.

29. Suzuki T, Kumagai H, Watanabe T, Uchida T, Nagao

30.

M. Evaluation of complete denture occlusal contacts
using pressuresensitive sheets. Int J Prosthodont
1997;10:386-391.

Takeda Tomotaka, Kurokawa Katsuhide, Nara
Kazuhiro, Ninagawa Masaharu, Miyajima Shiro,
Shoumura Masahito, Handa Jun, Kawamura Shintaro,
Kojima Ichiro, Shibusawa Mami, Ogawa Tohru,
Nakajima Kazunori, Shimada Atsushi and Ishigami
Keiichi. Mouthguard effect of tooth distortion during
clenching Nihon Hotetsu Shika Gakkai Zasshi.
2005;49:608-16.

31. Takeda T, Ishigami K, Handa J, Naitoh K, Kurokawa

K, Shibusawa M, Nkajima K, Kawamura S. Does
hard insertion and space improve shock absorption
ability of mouthguard. Dent 2006
;22:77-82.

Traumatol.

32. Westerman B, Stringfellow PM, Eccleston JA.

33.

inclusions on the
performance of ethylene vinyl acetate (EVA)
mouthguard material. Br J Sports Med. 2002;36:51-3.
Westerman B, Stringfellow PM, Eccleston JA.
Harbrow DIJ. Effect of ethylene vinyl acetate (EVA)
closed cell foam on transmitted in mouthguard
material. Br J Sports Med. 2002;36:205-8.

Beneficial effects of air

TUoI=SSUSAl 262 45, 2010



Original Arficle

Effect of Mouthguard on Tooth Distortion During Clenching

Yun Lee, DMD, MSD, PhD, Dae-Gyun Choi, DMD, MSD, PhD, Kung-Rock Kwon, DMD, MSD, PhD,
Richard Leesung-bok, DMD, MSD, PhD, Kwan-Tae Noh, DMD, MSD.

Dept. of Prosthodontics, School of Dentistry, Kyung Hee University

Previous studies have already shown that mouthguard is effective in protecting jaw bone, teeth and oral tissue against
sports trauma. However, other than severe trauma, repetitive force, such as disorders like clenching, cause teeth or oral
tissue damage. These kinds of disorders usually present pathologic attrition in the posterior teeth, resorption in alveolar
bone, loss of teeth and destruction of occlusion. Wearing a mouthguard is believed to be effective in preventing these
disorders. But its effect is not examined thoroughly enough. The purpose of this study is to identify whether mouthguard
is effective in reducing strain caused by clenching. Mandibular first molars in the normal occlusal relationship without any
history of dental treatment were chosen. Biaxial type strain gauge was placed on the buccal surface of the tooth. Having
maximum occlusal force, measured by load cell, as a standard, clenching intensity were divided into three stages; moment
of slightly tooth contact, medium bite force (50% of maximum bite force), maximum bite force. Strain occurring in
dentition in each stage with and without mouthguard was measured. Changes in strain (on dentition) between each stage
and difference in strain, between with or without mouthguard were recorded by PCD-300 analyzer and PCD-30 soft ware.
The data was statistically analyzed by Wilcoxon signed rank test. The following results were drawn; Without mouthguard,
strain given on dentition increased as the clenching force increased. With mouthguard, strain given on dentition also
increased as the clenching force increased. With mouthguard, strain decreased, in all cases of clenching force stages. Data
on the moment of slightly tooth contact stage, had no statistical significance. However, with mouthguard, 50-90% of
decrease in strain could be obtained in maximum occlusal force, compared to the group without mouthguard. Mouthguard
decreased the strain on the dentition, caused by clenching. Therefore, mouthguard seems to be effective in preventing
damage on dentition, by acting against clenching, which occurs both consciously and unconsciously during sports activities.

Key words: sports dentistry, mouthguard, strain, bite force
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