- Ut 2 E DS Welsi5IK 233 45, 2007 -

SIHCIM=EMOIA Face Mask@l Zie1=)gyol
(I AY9=x 0171 . QB A °i1

LN B
W PPage) 99 HWA 29 Ei o
Fool} Ao} 2ol 5o FAY adez
s 1 Felt stete] AgY EE o
@93, LE o5 2o vehdsh o)eD
Mg $RRe ARE Aot} RxaE A
gz Mo}m A% g 54 A
Pl S5, 4471 okl A% 4H G E o) &
sl sheE 99 BFE HHEAY AN

7] nasomaxillary suture®} ZZZlo|| AE&A
A58 dogenn Jeletae pxale Az
?:51'5}.1’2’3)

g 23 n3e] 92002 Angle” Suzuki’s
& %?JO] atete] #Ad Aol gltka B chin
cap?] AE-S AREIA o}, Bell®3} Jacobson”-&

oo @47 VIdgte E44 IF ¥4
sto] A IIF ¥ w3 = 30-40%2t B3
Fgon, Guyer® 53 Ellis®, McNama®S&
13-154)19] 4437 M7 ¥3us &4 & et
Aol AA Y 63%E AAFTL &Y o,
S’ % IIE B3R F 62%7) Aetze
A4S Bettn B sty om. Jacobson'Oe
1499 2] M7 23 wEe 32 3 14%7}F Aete]
Q44e Wxan Ao A 2 olefe @
H4E Aot A1 MF Rymd B

etg 24, 3 49 WP WA EE AA 5
£ Azice Yo 49esz Aojetiel
HE Rz28E AUNA GulAQ W 75

s B3l }2}21]'9] Aol 53 B3HY 01]/\14
Hztel dotE EdAY A H e Hudga
Nanda®= ZQFR 9] suture modification®] 7 2} 24
AwolEg st do WEn #Hse gz
EaA e o]Fol el 71&38l9.en JacksonZ
B3 7b ofzte] A 3w
g AT Aulo]lEE& HPT tl-2o] active
force®] @71% Ajdo] vty st} o|F
Cozzani,"” Simonsen,ls) Turley,'® ¥1'"'® o] oA}
AFNN 5 MF FHmlA Forze) Az
o] A&l ELV*OJ Aoz BuHL E3,
Trie 2} Nakamura'>= chin cap¥} A+ 7901 3
A AEdte] Fhne] Agdgs oZwA
B Rustith B3 H2 AFdAE et
A9 AP AE2H F AS5EE Fr)
s} olel BAelN A2 EBH e} Holut)

O:

l-

)

2 B3sgich

Aok go] B2 AEd g3 etz A
ol I FAuF X2 B AN8axE 714
goy Fxgor ot IR FEu Aot
3 o] wAlA ke 34, et o}

|
8 FolE, AA R4 AE, 3
A 5ol sler, o]t &2
71 A% #ge A7 olFo Atk Mikisgt

L



360 S5 - KA - BES

Hirato™"= Algte] Abokz B A3 24
= Aoz Aot A124F A Aol sagittal
plancol 4 54 q02 AIhTFAL] BAH 23
7 <kelo] skl Apolo] rkm Rumsle
Itoh 9} Chaconas™?= olg| gl Bztg = Alolzo
e Aar7lEd g s 2007918
Fo| utgH sttt 891 Ngan™'& 30° W3}
Adlo] f2ehtin ssich

o]EﬂE Hx]—;r,]. HLOO]] _4 o ,O_i
e A AwAcle] gdg npEg
7] flal o YA EA oz Al
HE AR o @ A o B ofFe ¢
PRl EA o g A7t shok ey A
2AN e ek 2ol w1 $ o)R7] upo,
AA7A F2 FegH ™ strain gauge H,"%
laser holograph™, ® o5 qn BRI
23 2 EA uhdo] o] &F 7 9

AR Ale) A& FAste

< Ssts Wy A
% o A71e 71AAQ] Wi-$
2 HBAA 3 At
Hh o]t} Laser hologragh¥ & -4
o] 752 hologragh& AFRA 7
124 —?01} laserE o] % 1 HEL
}L H]—hﬂo]]:}
& ohiel i
71] ]—HJ oz I;H/\]-g o 5—].

ahe oA Azt 7t &

ol
rir

OL-
o%

%

}\
=

SR

N
>

ol

&‘*’
o

12 o rir X

k

Q.
0

of
W fio ¥

=

r o
O
BN osh i‘N
%
O}‘i
)
s L
ol W O,

oy
N
~E
i

Hi tlo rlo 1@

A

ot
E
o W mi oo

il
1o

A

=
)

N
uc
2
N

—?EJW—\Z-QOEFQ‘JHEE
zarlrrlr
WL‘;;
=

SR

of
0.

=2 o 79

L2 Pdo B 9to oy
ko b rot olo
J8
N th =
2o 2 _[m.
A ok
ki 0
J}L
mzi
)
flo
o
E>
N
i)
of &
o ¢

oy AR

L
R

=z
Clough*7 } ?ﬂ&i‘ﬁo}a} Ajsigln 14 o
1A

o 35mlel AR e ole] 545
BT A3 mPsEepl ) Feaags) Al
£ 4AYH AT A F FFE
S Aol 4 BgAd H89 Yol

stress$} strain g -A18l= Aol w & U= AR

WalE 229 ol
7ot

offt
ot
g3
&y
=
2
2
oX,
o3
lo
o

4E ANAL #I 3 2y A=
+ Myasaka, Tanne Peo g} iem A
Tl A TEEHIE FFHLEEN S ofZ o)
2 S W ute A2 sl g2
T} Beb, sholo] 2 FAsssl Beol
D e P A
BATEE A Al 2Aeke mdel A%
o fFThe @AV} Qlou} otBe] SRR &
& ARFE 7o 4B AARon wg
she 240 Amse] e, o)d s1Ee AT
ANE 94 AZAe TS B nAA ¥
ol <) ARE fRaszdol A7t

v 2P 722 /R ohEeld 1 B4 S
olWi B slo] wil PAFA w3 =
71] FAE Aol o]H A7} face maskz Ao}
= AAF Slo] ot dATFzeY UEE B
Rol B9 Aol gelenz B Qe Az
AAE Fehasr 2dS APste, o8 Wako
2o A Al F3ehk 52d oA Y
& [e)

A o)
<] s
Ql wrake 2

401] e 3
& AT B4
A2 134 6

= AR W
Ad 34

BolE g

_‘£

e

=

9,

(e
e
4 rukl FJ
1o O_u4

i
4z
ox
=
gt
o
o
[

>~
Kl
DA
o P
o

M
2
o,
3t
v

il

=
rO
e
Y
o
=
oNt
to 1o

Z-o
?ﬂ Frankfort horizontal 3
(FH Jﬂ‘ﬂ)ol H}ﬂoﬂ F2lo] HEE Hilksig

off (2



SHOIHESHRIIM Face MaskQ| A0IBIH (IS MASIA 01 REIQAY 017 361

#9  AX|(Light Speed Volume Computed
Tomograph, 64 channel, Gerneral Electronics. USA)
o SAA73 ekl A 5 AFH] B
AR F53 AADA & F sherzel 3
£2 Sopoely 2eld AIE APadT =
AL gantrye] ZE 7} 0°, 120kV, 9} auto mA %O
], 0.625mm thickness, slice pitch 3, scanning time
4% Aok (Field of view) 250mm$it};. 18 =
0.625mm2] slice thickness DICOM 34 H R &
s =g

2) 3209 §3 QA modeld] A}z
st EA d9es 42 DICOM 9%
AEE ML AFEZE 31 F 33 9=
23 (Mimics 9.01, Materialise’s interactive
Medical Image Control System, Materialise,
Germany)& ©] 83t 33 YA BEE A% st
At CTAA gray scale2 E@3E X9
Hounsfield number (HU)E ukzol Z%
2500 w30l HAAH 4L Ed

3z}l A -4 (3 Dimensional Volume Rendering)<-
A&AQ HAztgog o|Folzl FHY FH
Triangularization & F3 o] Fo vt 4ete] 44
AR DL 7] 93 e Belshn Aot 45
Zo] B3Rl T 2asel 32 AAE HF A
AHog A AAE FH HWd HastA
Frontonasal suture 17304 307 22 WO
2, THkAAE Mastoid process FHbol| A F2 o
2 AE Hog UF.

323 % 3D objectE volume meshingS- 3}7]
of surface remesh 2] B3l A4&o #&
olm HAseArt o] 7HA AL Eolv] HE
olg 7ted ®Ft EAlgtedl AVIAME
height/base ©4& 0309 422 23} 3D
objectZ Mimicsl| 4] FEA pre- and post-processor
<] Patran program (MSC Software) 2.2 export3}o]
volumetric meshZ & 4 31}, FEA preprocessoro]]
A A& exportdle] Mimics 2 volumetric mesh
7} &5 9 remeshed objectE THA] Bt} 4
A 07 90400702 249 11327709 BA o

N 2

2 749 F¥2n MiE a2y #dEe 2

2 mulg) 2984719 QA9 11607] 2]
AR og FAHE Aolrd, 181 1176719 &
29} 13867012 @A o2 FAH Face mask unit
Tdo] 3x1dA 02 PAFU.

3) €49 #%

Ae} &9 ZE¢ Young’s moduluste] #HAE
o] &-ate] AAFQ FistE HU £ X waly
74719 Z84E Young’s modulusE A&t} o]
e W2 25MPa(7HE W2 H2E 7ML 9
£ ) A 5H 22GPaHY & UEE 7}
122 & FAF) 74A] thF3E Young's modulus
2 JehA do. Zhzhe] Z849] Poisson’s
ratiox= Young’s modulus 25MPa?Q] 74 %o A 0.3,
el3 22GPagl AfolrMe 0229 HAFAY
Z7tel BA9) 7)za9 .

7}719] Apparent densitye] 3@st= HU Ztol
Esses””9} Harp™'¢| 7 2%E dojF ) CT ©
o) el HU zko] 8163} 27} 2L 7398
PEE 9 EAS mEn HU gto] 816074
J ALz AdEE 4% =4+ wEth
Cattaneo®] "1}l 0 2 wlE Table2 B8] HU %
& FAketa] “look up file”E WHE©] 2+ HU gtol
g6l Young's modulus$} Poisson’s ratio® ¢
Halo] BE 247F2] W9 EAAIF 7198
volume mesh(Fig. 1)7} €A = Uch YoM 49
@ 22 Bmd] /122 24 ke B RE @
o] Az At
Mimicsel] A B/ o] F0izl Bdl& th-39f 47}
84F FgHAA ok 1) 24718 EJOR
Folx getrd, 2) A1ETA T Ald T,
RME®] A& 5, 4) Face mask 74052 §

BE o5 479 BEEL 7}17] Nastran 3
g2 G2 “out” .2 A A& o] Patranol| A 2}

A8l FAEA drh. o] AFolA ALEE
3+ 8 &~ Tetrahedron(solid 72)33t}. (Table 1)

N

A

A

o)

—_

do M ooff e &



Table 1. Number of nodes and elements of finite element model

Maxillary . . RME Buccal RME Lingual
First premolar First molar
complex component component
No. of Nodes 11,327 511 649 835 467
No. of Elements 90,400 1,302 1,682 3,039 467
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Fig 1. Protraction force of 500 mg was
applied at 0, 30, 60 and 90 degrees
downwards to the Frankfort

horizontal plane.
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A B C
Fig. 2. Tenslle-compressive forces (A), y-direction displacement (B) and z-direction displacement
(C) of maxilla at 0 degree protraction.

W . ™ B e

A B C
Fig. 3. Tensile-compressive forces (A), y-direction displacement (B) and z-direction displacement
(C) of maxilla at 30 degrees protraction.
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C

displacement

A B
Fig. 4. Tensile-compressive forces (A). y-direction displacement (B) and z-direction

(C) of maxilla at 60 degrees protraction.

C

B

A
Fig. 5. Tensile-compressive forces (A), y-direction displacement (B) and z-direction displacement

(C) of maxilla at 90 degrees protraction.
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- ABSTRACT -

Biomechanical Effects of Facial Mask according to Direction of Forces
on the Craniofacial Complex : A Finite Element Study

Ha-young Hyun, Kyung-suk Cha, Dong-Hwa Chung
Department of Orthodontics, School of Dentistry, Dankook University

Recently, many studies were reported accurate analysis of facemask effect due to the development of the personal
computers and computer programs. The aim of this study is appropriate protraction direction of facemask using finite
element study with computer aided design and computer aided measurement. The construction of the three dimensional
FEM was based on the computer tomography(CT) scans of 13.5 year-old male subject. Protraction force of 500 mg was
applied at 0, 30, 60 and 90 degrees downwards to the Frankfort horizontal plane, and maxillary displacement and stress
distribution were measured. When 60 degree force was applied, it showed forward movement of premolar roots area and
downward movement of anterior nasomaxillary area, and others showed clockwise rotation movement of the nasomaxillary
complex. Finally, we can produce the protraction of maxillary bone without rotation of maxilla about 60 degrees.

Key word: Finite element method, Face mask, Protraction direction.



