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A, Totalt FEM model

B. Enlarged view €. Cross-sectional view

Fig. 1. Finite element model
a : bracket, b :wire. ¢ :gap element

| 8 AHg el ANsHE
Yoz, A4A BAS 43 A9 BAZ S0

49 Yoz UG & Uk 4F Sage
Bgolx AdEEe 248 AR D, T

gt 5 Age] FEAANA A2u X 7R o] 2
Aotel 1 9 2 AFEZANA 6449 5HA
849 8849 §HA 247 BEsto 331 73
84 Rdg FASAHFig. 1). o W Xo}e] =79}
el Wheelere] $£1°'8 %a2 stgln 2t Ao}l
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Pz Anz g
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wet 0.2omm= #U3HA 2¥3a} )
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Table 1. Elastic moduli & Poisson’s ratios of the materials

Material Young's modulus

(/) Poisson’s ratio
Tooth 1.96E + 04 0.30
Periodontal _
membrance 6.66E - 01 0.49
Alveolar bone 137E + 04 0.30
Stainless 201E + 05 0.30

Diamond™, Ormco, US.A)E shell 84E o] &3}
Rttt $8X], FAX], AR 9 A2aTR| Bt
AL 2709 ‘A shell 45 Bl 4 wF 7
Ag T YA =AY TR A shell 84
sto] A2 AAAA ol HABATE A1,2

ofo it

|
9 e yow Aot RAART B 4
=24 shellthol= 6709] 3D friction gap L4&F F
o] Aot WA A2hTH BepAL 124, 2det Al 2
7% Bl 18709 gap 47 Ao A7 2
& Haploz Agele 75 al STk 1.

A A

Aol A7 et 61 T HARIA Hol A
= 74y MAel 0227 Bl 0197 x 025" stain-
less steel A A E 321 beam 28 0.2 A8} c) E
3 B o] 83 Aot 61 T A9 98 et
AR} Az Bl FAlel 0327 x 0327 =719
stainless steel hookS 202 Bl €394 8mm
o] ®olz Az or, ANZHE 2mm FoldA
Imm Ao 2 Smm7HA ¥ A&4d& 43kt

ZZ44 149 (Micro-implant)

Beam 84§ AHE-3to] A& 1.2mm, Z°] 6mm9]
micro-implant® =& 3}8+ o}, Micro-implant®] 9
A5 A227A G A TR Abole] X zFAdel] A
AZBE 4mmol A 10mm7HA] 2mm 73 o2 4749
micro-implant® ¢ 2 A Z cH(Fig. 1).

@4 As
2 AT E o
Uehde 27 e
b AxE, AT 1

2 71483 Tanne™'} 87'e) A8 Fa 2 S

Fig. 2. Schematic diagram of location of micro-implants and
anterior hook with various force application points

Z axis

Bodily movement

0 =o°

X axis

Fig. 3. Schematic diagram of tooth displacement
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Young's modulus(E)9} Poisson’s ratio
THTable 1).
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1) Amm ¥ 29 micro-implanto] A A5 hook$)
7} =olof 150gme P& 2 EAA Xofe] 27] ¥

2) 6, 8 10mm¢] zt micro-implantell A el A&7}
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-3.12

-2.66 -2.16 0.23 576 11.87 1593

Central incisor

Lateral incisor -3.22 -3.03 =219 -0.80 404 18.07 25.72
Canine -3.21 -3.19 -3.16 -2.11 0.67 19.25 25.28
2nd. premolar -3.98 -4.03 -4.08 -402 -4.77 -468 -457
1st. molar -3.60 -348 -3.35 -3.19 -3.60 -3.64 -2.86
2nd. molar -2.21 -2.19 -2.12 -2.03 -2.31 -2.29 -1.81

Anterior teeth : (+) labial tipping, (-) lingual tipping
Posterior teeth : (+) mesial tipping, (-) distal tipping

Micro—implant Height : 4mm

~+~ Central incisor|
i |- Lateral incisor

Change of slope (E-05 rad)

g
g B
K
|
\
\

2 3 4 5 6 7 8
Anterior Hook Height (mm)

Fig. 4. Changes of slope on anterior and posterior teeth
according to anterior hook height when micro-
implant height was 4mm

o2 4Rdgom AzaTAdAE ZgR 3
PH A2 F¥el A4, 222 ALATA S Az
FANAE FAY FH% 3 A2el A2 2
Yol olFE 4AY] FUYE IV AL 5o

= d73s

2) Ao} ¥

A AF9 Zt Aofe] X &9 WslE Ax2 FdH
3t x|o} o] FFE HrlEh

AR F-A 2 A o] B WY AT A& 4w A
371 0°, & AAe (), £2 AAE (D Y
Rom AR E A o]F2 0°, 24 AAle
(+), 94 AALE ()2 2889 HFig. 3).
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| Micro—implant Height : 4mm

—e— Anterior teeth —&— Posterior teeﬂ

70.00
60.00 |
50.00 |/
40.00
30.00
20.00 |
10.00 [
0.00

Change of slope{E-05 rad)

=-10.00

Anterior Hook Height {mm)

Fig. 5. Mean changes of slope on anterior and posterior
teeth according to anterior hook height when micro
-implant height was 4mm

g @ A= NISA v80S AH&3t¢th. Hard-
wares= IBM PC 337202 CPU7} 1GHzelx
RAMo] 512MB%! Pentium II AFEEZ A&+
o}

m&
1. 4mm micro-implantiIM2] 1S

4mm micro-implant®l] 4] A X & hook Fo]d] BE
2o} o] F FFE Wg AT 4% ¥Ez e
tHTable 2, Fig. 4).

A H hook ¥o|7t 2mmd o] AX|¥-o] A= 4
A} o] %ol dojto, hook ¥0]E 4Amm7HA] 71
A& Wl H4F AL olFo] AT

AR E hook E°]7} 5mmY w] 2AX A= &=
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SAY NAHES 0|5 &Y 6TR| Y ALl 2o MEE
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Table 3. Displacement of teeth at 6mm micro-implant height (xE-05 rad)

Anterior hook height (mm) 2 3 4 5 6 7 3
Central incisor -2.70 -2.56 -1.97 -0.20 727 36.14 4584
Lateral incisor -251 -2.36 -1.82 -1.38 6.41 4754 69.96

Canine -2.50 -2.39 -2.13 -1.13 2.60 32.96 60.91
2nd. premolar -1.22 -147 -1.72 -3.25 -2.87 -0.73 -0.52
1st. molar -1.74 -2.03 -2.32 -3.02 -3.32 -1.14 -1.24
2nd. molar -172 -1.95 -2.19 -2.47 -2.89 -0.60 -051

Anterjor teeth : (+) labial tipping, (-) lingual tipping
Posterior teeth : (+) mesial tipping, (-) distal tipping

Micro—implant Height : 6mm
80.00

/'Vf :\( ), k ‘L\\\\

60.00

aL /

—20.00 —

i Oentrd incisor
~#- | ateral incisor
Caune
+-2nd. premolar |
——1st, mola
-+ 2nd, molar

Chanpe of slope (E-05 rad)

2 3 4 5 [ 7 8
Anterior Hook Height {mm)

Fig. 6. Changes of slope on anterior and posterior teeth
according to anterior hook height when micro-
implant height was 6mm

ZAAE doinkon S|
ol g°] eyttt

A hook #ol7F 6mmE W AAF-9] &
Ab o]l Fo] dojwtem hook &7} 7, Smm=E —57}
A =5 AAL olFo] FUFeeth

T §-9] o] 52 AAF hook o] Bl w2 2
sl A A @okon UM AL olFo] e
o " HYE 7S W AR hook Eolzt oF
52mmoll A HAF-9] A o]F FdE JEAT
(Fig. 9).

AR = A5 At

2. 6mm micro-implantOIM2] 2

6mm micro-implantol] 4] A X5 hook Fo|d] W&
2o} o] F FFE HY AF9 4z IR e
tHTable 3, Fig. 6).

Micro-implant Height : 6mm

‘ —e— Anterior teeth ~#— Posterior teeth

70.00

60.00
50.00

40.00
30.00
20.00
10.00 !

0.00 ®

Change of slope {E-05 rad)

-10.00

Anterior Hook Height {mm)

Fig. 7. Mean changes of slope on anterior and posterior
teeth according to anterior hook height when micro
-implant height was 6mm

=017k 2mmd W AXF- S BAL
2™ hook %°lE Smm7A| F7HAAH
Z A} o] o] AT et A
£ 4mm miicro-implantol A1 2] M B
g eI
AR hook o7} 6mm% v A ]l'i* a5 A
Ab o]0 2 o} o]F o] WG
F3 hook ¥°]7} Tmmet SmmE F ]—‘3]'9?\% o %
olFo] A ZF7I3IATh
T _,—oﬂ/qt A AA} o]Fo] BEHYH
A% hook ¥old wWE Z Wste Vel %ske
™ 4mm micro-implanty WRt} ZAE 44 A
£ YEhi AT
B AYE FIAE ] AAF hook o7t o
51 mmollA AXFE XA olF P& HeEiUTh
(Fig. 7).
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Table 4. Displacement of teeth at 8mm micro-implant height (xE-05 rad)

 Anterior hook height(mm) 2 3 s 8
Central incisor -2.82 441 8.60 1819 26.35 41.03
Lateral incisor -2.08 850 1421 21.86 3941 56.70 74.29
Canine -1.89 6.31 1055 20.13 28.60 40.10 51.73
2nd. premolar -1.44 -0.82 -0.71 -0.11 -0.H4 -0.87 -0.26
Ist. molar -1.76 -113 -1.04 -0.45 -0.96 -1.04 -0.46
2nd. molar -1.74 -1.10 -0.98 -0.35 -0.60 -0.43 0.20

Anterior teeth : (+) labial tipping, (-) lingual tipping
Posterior teeth : (+) mesial tipping, (-) distal tipping

Micro~implant Height : 8mm

\

8
8
N

Change of stape (E-05 rad)
\

3
8
w

3
8

-10.00 S ——
2 3 4 5 6 7 8

Anterior Hook Height (mm)

Fig. 8. Changes of slope on anterior and posterior teeth
according to anterior hook height when micro-
implant height was 8mm

3. 8mm micro-implantiNQl E

8mm micro-implantoll 4 A X% hook o] w&
2o} o] F FAE WY AT Ztx Wtz Yehld
tHTable 4, Fig. Q).

AAF hook Eo|7F 2mmY W HAAHE A2 AHA}
olFol el en AX 5 hook 0|7} 3mm o132
2 F7HAE W AXF £F A o] Fo] H#H A
71 & et

TFAFAME D4 AAL ol Fo] dolgon X
5 hook Eold @& o]F ¥Fe zpelrt A &Sk
t}. 6mm micro-implant¥ wWe] "R} Z4H o
A ZAAL o] %& YJERIAT

B HAE 7RSS W o 23mme AXR
hook EoldA HAAE XA o]F FFS YERIR
}(Fig. 9).
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Micro—implant Height : 8mm

—e— Anterior teeth —#-- Posterior \eeih—‘

70.00
60.00 |
5§0.00
40.00 |i&2
30.00 |
20.00 |
10.00

0.00

Change of slope (E-05 rad)

-10.00 -

Anterior Hook Height (mm)

Fig. 9. Mean changes of slope on anterior and posterior
teeth according to anterior hook height when micro
-implant height was 8mm

4. 10mm micro-implantQlIAMQ] EiS

10mm micro-implantellA] A X% hook Eold] w}

& Ao} oJF e WY AFe ZE ¥z U

WA tH(Table 5, Fig. 10).

A 25 hook E°|7} 2mm¥ W] AXNFE £ HAL
o] o] dojyton hook Eo]7t FMESFE HA
w2 A} o] Fo] Hlg Aoz FrlEanh

AT £F A o2 4, 43
o2 AA Loyttt

FRF- A= 94 AAF o] Fo] UEsen, 8mm
micro-implantoll A Bt} <7k ZHad YA A} o] F
< Yehd

Aol FHeo A WAAE T3 HFig.
11).
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Table 5. Displacement of teeth at 10mm micro-implant height (xE-08 rad)

Tn¥Es
&t

02t 42 63|
0 T2 X0} 015

Anterior hook height (mm) 2 3 4 5 6 7 3

Central incisor 2.46 7.03 1775 28.32 40.27 54.23 63.07

Lateral incisor 5.76 1155 25.33 37.88 52.95 £69.26 872

Canine 413 8.02 16.30 24.37 33.28 4337 5264

2nd. premolar -1.06 -092 -0.35 -0.14 -0.16 -1.01 -2.84

1st. molar -1.25 -1.15 -0.60 -0.16 -0.14 ~1.21 -3.07

2nd. molar -1.24 -1 -0.55 -0.09 -045 -052 -1.75
Anterior teeth : (+) labial tipping, (-) lingual tipping
Posterior teeth : (+) mesial tipping, (-) distal tipping

Micro—| |mp|ant Helght 10mm

i —— Centra incisor ;
| »- Lateral incisor
} Canine

| - 2nd. premolar
| == 1st. molar

Changs of slope (E-05 rad}

Anterior Hook Height (mm)

Fig. 10. Changes of slope on anterior and posterior teeth
according to anterior hook height when micro-
implant height was 10mm

ZHA A MY figure of 8 tieE i_{?é‘é}
Mlcro—lmplant— A2421 ek A1 3] ]7&%011
A7) 25 4mm AR A 10mmZFA] 2mm 7HE o
2 PNE FA339 5 Micro—implant 0] 4mmell
e A ¥ A& B AF 22N Ax2g & 3
- Huobé AA RN 096-1.22mm FE HoA 9]

ong® ukok micro-implant7} XA Ad @t}

+Antenor teeth ~i~7Pésienor teeth

80.00
| 70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00 -
—10.00 Lrereemereneermones e - .

Change of slope (E~05 rad)

Anterior Hook Height (mm)

Fig. 11. Mean changes of slope on anterior and posterior
teeth according to anterlor hook height when
micro-implant height was 10mm

A micro-implant®] head ¥°|E 1 Z o
AZRE ¢ dmm = el 3 A&3
Ro g Azte7] ol E3F BAQd 1t =
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M2 hook-2 AR} AR Apo]o] Ao Fz
-5—].0i o 1:;] P Zﬂi—ra mm N—H]—o]]}v]_]_]ﬂ 3] ;(4 &x%
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= crimpable hook?) &o]7} 2F 2mme) 7] W ol
th AR E gap 84E AHESEY BepAlddl 2 A7l
54 rrﬁcro—implantﬂ A2 5 hookAtelol 150gme]

dg sheke] Hobe WIS FeAh xot o] 5
AMe e A3l el 7127 WHE Axsl]
243

B ooAdgoq Atgd Aol F7FE< compen-
sating curvet} torque, gable bend7} FoH A &Sk
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hook %°]7} bmm ol gt & AR F & HA} <
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9] o] & BT FABIHAT A& AA} olFo] 7
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g AFsr] WFEels A€o £ AR
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b= Wog AziEn,
Micro-implant®] A7} 8mm< # AAE hook =
o] 2mmellAE BF AAb olFo] dolPAlT hook
F017} 3mm oM e ©£F AL ol Fo vlE A
E F7H Y
Micro-implant 937} 10mmel M+ A3 hook
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Displacement of posterior teeth
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Anterior Hoolk Height (mm}

Fig. 12. Mean changes of slope on posterior testh accor-
ding to anterior hook and micro-implant height.
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- ABSTRACT -

Three-dimensional finite element analysis of initial tooth displacement
according to force application point during maxillary six anterior teeth
retraction using skeletal anchorage

Chan-Nyeon Kim, Jae-Hyun Sung, Hee-Moon Kyung

Department of Orthodontics, College of Dentistry, Kyungpook National University

The purpose of this study was to investigate the micro—implant height and anterior hook height to prevent
maxillary six anterior teeth from lingual tipping and extruding during space closure. We manufactured maxillary
dental arch form, bracket and wire, using the computer aided three-dimensional finite element method. Bracket was
022" X 028" slot size and attached to tooth surface. Wire was 019" X 025" stainless steel and .032" X .032"
stainless steel hook was attached to wire between lateral incisor and canine. Length of hook was 8mm and force
application points were marked at intervals of Imm. Four micro-implants were implanted on alveolar bone between
second premolar and first molar. The heights of them were 4, 6, 8, 10mm starting from wire. We analyzed initial

displacement of teeth by various force application point applying force of 150gm to each micro-implant and anterior
hook.

The conclusions of this study are as the following :

1. When the micro-implant height was 4mm and the anterior hook height was bmm and below, anterior teeth were
tipped lingually. When the anterior hook height was 6mm and above, anterior teeth were tipped labially.

2. When the micro-implant height was 6mm and the anterior hook height was 5mm and below, the anterior teeth
were tipped lingually. When the anterior hook height was 6mm and above, the anterior teeth were tipped labially.
But lingual tipping of anterior teeth decreased and labial tipping increased when the micro-implant height was
6mm, compared with 4mm micro-implant height.

3. When the micro-implant height was 8mm and the anterior hook height was 2mm, the anterior teeth were tipped
lingually. When the anterior hook height was 3mm and above, labial tipping movement of the anterior teeth incre
ased proportionally.

4. When the micro-implant height was 10mm and the anterior hook height was 2mm and above, labial tipping of
the anterior teeth increased proportionally.

5. As the anterior hook height increased, anterior teeth were tipped more labially. But extrusion occurred on canine
and premolar area because of the increase of wire distortion.

6. Movement of the posterior teeth was tipped distally during maxillary six anterior teeth retraction using micro—-im
plant because of the friction between bracket and wire.

Based on the results of this study, we could predict the pattern of the tooth movement according to position
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of micro-implant and height of anterior hook. It seems that we can find the force application point for proper tooth
movement in consideration of inclination of maxillary anterior teeth, periodontal condition, overjet and overbite

KOREA. J. ORTHOD. 2003 : 33(5) : 339-50

#* Key words : Micro-implant, Three-dimensional finite slement. Sliding mechanism, Orthodontics
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