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Table 1. Number of elements and nodal points.

Periodontal
oot X Bone
ligament

136 211 529

Number of element

Total number of

876
element .
Total ber of
number o 950
node

Fig. 1. Schematic drawing of reconstruction of
tooth using three reference points in the
computer

o2 aE3AZAY. 2 FH o] gl A 371 9]
N3 desld FES digitizedtd EH
ol XY AFH dH3 Y 71E
A& o] &3t Xl AT AN (Fig. 1.

i) AFEE AT Xotoll ZHFS
X0l 11.28mm, YA HZF A Zo] 10.68mm,
a8 3 FAX ] 1152mm7}t =& A g
F3& 718y, S| gV FE g A HEE
3t oH(Fig. 2-A). Trifurcation¥ 9+ 2d¥
< 4A 37 938, 39 A2 2F 9o
HPAARZRE XN29EoR YT 9]
(336mm)olA EEHEE sen, 374 A
Z BA 9 FYo] (ol A2 EAR)
HxE £339H(Fig. 2-B). X129 74
stttz 7R EE 0.25mme) FAE 7HAA
stgom AzFH o Fo dRE X
FPeL2FL BEYL
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2{+)

(P)

1128 [ (M) 10.68

(D) 11.52

3.36

A

AOHATRIY MEEA 265

Fig. 2. Schematic representation of the 3-D FEM model for the maxillary left first molar(M : Mesiobuccal

root, D ! distobuccal root, P : palatal rrot)

<
=

(A) (B)

=

(©)

Fig. 3. Three-Dimensional Finite Element Model for tooth(A), PDL-Alveolar bone system(B) and Tooth-PDL-

Alveolar bone system(C).

iv) 823de SAAR 3FQ, X o} 136
A, A2 2110, AxF9 o A8 E 529
A9 842 BE3Yor(Fig 3), F 84
F< 87670, F HEA-2 99070 Y h(Table I
FA2).

v) Hof Xt 9 X 2F2 S (isotropic)
2 S AYEAAAHT FHAFHG?, o]
E9 BEFYS e CookEPY AFA <l
23929 Table 1.9} 2t}

vi) 32d#®e AR {8 A7
HAE HAY3Y) 93t 3XY FEE HA

Table 2. Mechanical properties for the tooth, pe-
riodontal ligament, and alveolar bone.

. Young’ modulus Poisson’s
Material

(kg/mm?) ratio

Tooth 2.0X10° 0.30
Periodontal

eriodonta 6.8X107 0.49
ligament

Alveolar bone 14X10° 0.30
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APicaL NZ(+)

Y{(+)
BUCCAL

MESIAL X(+)

Fig. 4. Schematic representation of the 3-D Co-
ordinates
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3= &2 Z3 (apical +) 2 2 A A 319 o} (Fig.
4). wetA] By FAAE GHe 753

A9 #RE (0, 0, 0], AZEAH

FE = (0004, —0.094, 3.36) 0] Ac}.
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Hojgd o X3l FA$de AT
A 8L 71 = i gk o) A A=
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3ti, 2 Fol RFP(F) ez 71shd uRgy
o] 9|3t 34 =l E(Moment of the force :
M)7t 2ARY, o) F AL AL F
UA=E dAF AV Ze wgdgke) 3
H 2 W E (Counterbalancing moment : M) S
g AT 2FZY(F) AVIE 3
SPAA dAEE A 2AEM)Q =77}
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)¢} Zold w) &, A o] Fo] HNE 9
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ZAF(F)E T3, = @& Net Moment
to net force ratio® A3 24 o3t
AgEA e 9A(Ad)E A3 cH(Fig. 5).

i) AFFAL M9 FoA 44 w=2
Tt 7249 AFFHL d4BAE
do7e IAEAE(M=108.09gm-mm)E
o2 2AYA ] g, Y- A 3.36mm B
7&732 AoA ARG R XS B3}
A AR FE 71 X ofol 7hehe LAY
(Y &7E 7HEsiaA 2AEHE 3d 2
AE(M)S =77 ojv] &3 e v
Fo JARPEMSY ZV|¢} Zold |9
AFH(F)E 78 O 2 #&E Az=M/F9
2o gt FIA YEF] AFEFAHLS
ZAPEZIALE dode JARWEM=
360gm-mm) & ¥ EAAZ g, 3 A
—0. 094mm EoH Y& HelA 4T
Foz WYL JMstHen, X549 A
F4e 2442 HE Yo AW 2d
EM=270gm-mm)E v& AL T3,

QAN 0004mm EolF XFH39 HAA

Yol TAYTLZ 2AHE ST A
$E4¢ Taharh

3) XzAo] oA g W AFFAL YA
w3l
NZFEL AZRALEZRY 747 16 mms}
3.36mm A A3, Z&3S] AT 2H
g 713 ge we) XofolEsE HYPolEH
] 313} o

m. oirzn}

gt AL T FFas 2l Xold
AdAZ Z7]9) A RUEE vlg] FAHAZ]
F, oA whggge] 2HET ¥4E F
RAe AT o= 3 HelA 9o AVIE
7hZstEA g AddEXe & 847}
v 198 FESYY Ala s AYF
o E¥xE agoa NPT 18 62
2549 AJFHAS Fie AN 24
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1 z(+)
Net moment
Net force
M Cres
X(+) Ad
_/ \
M

F
. \ Aol 5-& dLo7l7] fBME M = M o]ojo} =
Ad =M/ Fe

M + Mg

M + FAd (-
= - .

M
= — + Ad
F

Mg = FXAd)

Fig. 5. Relationship of net moment to net force. For translation, the moment of the force(M) must be equal

to the counterbalancing moment{M). (Cres *

NG welwe Wse #AY 1Yoz
A (W AACIE, & BFH st @
8 ZHEs v YA SP 2718
Ze wge JUENES FUD e
44 we agelm, B)s (O @3l
W3R SAG U Hobd opt Aol 53
Ae el ol XEF% YRR

ZFoM s TdF Iz e Fe Hsls
#Fsto] AFolFo] TAHE RS AL
F oy FHFEIF 2o e AFFA
< 0.

1L 3¢ Adu732 AgF4e FEHL
(0.71, 110, 3.72)°lAth. &, AFFHL 9
o AAAR gl 7|EE A FAHoZHE
AEHEo 2 372mm, 22 1.10mm,
Ao 2 0.71mm B3R X YA3}AY. o]
A2 AZEAFLZRHE A2TEOR (.
36mm, FEOZ 120mm, <AL E 0.71mm
ol X4 At Hoz AT =
AstA] gkt

2. AZ5Ae FolE 1.68mm $F1, ZF
9] Ziﬂ"*‘tﬂl d24Ago 2 wAHY S

fl

B!

Center of resistance, Ad : Perpendicular distance of the
line of action of the force to Cee, F : Force, Fy:
force, M : Counterbalancing couple moment)

Force producing translation, M; : Moment of the

Vet S W ZAAAE dode HHEA
E7} @A ste] B AAREZL FH0R
Hegn NTaEse 238 d4des
Hiliiofﬁ(Flg 7-B), AZTA9 Fol& 3.
36mm=z 2EAL w ZHAAAE dode=
JHARAET} (N 2F EolF 1.68mm RF

1.
AL Wrog o 2A TAIYH(Fig 7-0).

z)o} olFe AVIAAH FAHS
W E o)A Exa Y, Fe A, st-
raingauge®, #3I2AHF JoH, &
WA Bty fRe e O e
A7 A AR E AR e A, DA ol
A2 ER3 g 2d3 &
F Atk E”ﬂ Aust JEx HFE + A
9—“1 2, FE2UE Y9 A9 5
Rtk Al A, -‘?—-‘?’*aﬂi 02 EZd435E
AR AL, AN BAZSFE FAFozH
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e FAATY A5E MR AFo] 7t
3tk e AHF FHY ASAE F
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Dilep X
l sl".OESZOO

“ 6.073698
gmmn § « 055900
«835289

-8.91138

Disp X
Eu’.s:s&

8.8200
g. 7870

B.5949
%l 4619

% $.3699
2.2560

£530-1930
5,025
L0299
5 -
T P

-3.196

Fig. 6. Comparison of X-directional displacement

according to the relationship of the mo-
ment of the force to the counterbalancing
moment.

A : The moment of the force=the counter-
balancing moment

B : The moment of the force<(the counter-
balancing moment

C : The moment of the force>the counte-
rbalancing moment

Fig. 7.

Comparison of X-directional displacement
according to the alveolar bone height. The
line of action of the applied force passes
through the Cees of the Z-axis.

A : When the alveolar bone height was no-
rmal, the tooth had bodily movement.

B : When 168 mm of the alveolar bone
was reduced, the tooth had tipping move-
ment. ,

C : When 3.36 mm of the alveolar bone
was reduced, the tooth had tipping move-
ment.
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—ABSTRACT—

A FINITE ELEMENT ANALYSIS OF THE CENTER OF
RESISTANCE OF A MAXILLARY FIRST MOLAR

Jeong-Hyeon Cho, D.M.D. Ki-Soo Lee, D.D.S, MSD., PhD, Young-Guk Park, D.M.D,MSD, PhD.

Department of Orthodontics, College of Dentistry, KyungHee University

The purpose of this study was to analyse the center of resistance of the maxillary first molar using
the 3-dimension finite element method. An extracted maxillary first molar of normal shape and average
root length was selected and sectioned every 1.5mm parallel to the cementoenamel junction. Each section
was traced and digitized to construct 3-D finite element model of the maxillary first molar. After a certain
magnitude of counterbalancing moment(M) was apphied to the tooth, a varying single force(F) of distomesial
direction was applied to a certain point of th tooth until the tooth was translated. The force producing
translation(Ft) was substituted to the equation Ad=M/Ft to calculate the center of resistance of the maxillary
first molar. And reducing the alveolar bone level 1.68mm, and 3.36mm below to the cementoenamel junction,
the tooth movement was analysed to see the effect of reducing the alveolar bone level to the location
of the center of resistance.

The results were as follows ;

1. The center of resistance of the maxillary first molar was 3.72mm apical, 1.10mm buccal, and 0.71mm
mesial to the geometric center of the horizontally sectioned surface at the cementoenamel junction. This
point was 0.36mm apical, 1.20mm buccal, and 0.71mm mesial to the trifurcation point, indicating that
it was not on the tooth root.

9. As the alveolar bone level was reduced, the center of resistance of the maxillary first molar was moved
to the apical direction.

KOREA J ORTHOD 1993 : 23(2) : 263-273.
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