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Fig 1. Finite element models and loading conditions. A, Base model; B, lingual tipping model (a made! with lingually inclined
anterior teeth);, C, occlusal view; a, 2 mm height retraction hook; b, 5 mm height retraction hook; ¢, 2 mm height upper first
molar hook; d, 10 mm height orthodontic mini-implant (all heights were measured from the main archwire); e, center of
resistance of the 6 anterior teeth (estimated position); C1, Condition 1-force vector passing through a and ¢; C2, Condition
2-force vector passing through a and d; C3, Condition 3-force vector passing through b and d; measurements of distances
and angle to calculate the x, y and z components of retraction force. AP, 245 mm; L, 147 mm; 8, 31°
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Table 1. X, Y, Z components of 200 g retraction force Table 2. Deactivation force from arch wire with 4 mm
compensating curve

Fx (g) -100 -99 -101
Central incisor mesial 3909
Fy (g) -173 -165 -169 distal ~476.4
Lateral incisor mesial 1094
Fz (g) 0 54 34 )
distal -20.7
Condition 1, combination of 2 mm height retraction hook Canine mesial —4.4
and 2 mm height upper lst molar hook; Condition 2, distal 655
combination of 2 mm height retraction hook and 10 mm . '
height orthodontic mini-implant; Condition 3, combination 2nd premolar mesial 192
of 5 mm height retraction hook and 10 mm height distal -161.7
orthodontic mini-implant. 1st molar mesial 10.0
distal 76
2nd molar mesial 209
joc Bed=g=s) distal 28.7
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#37] 93t det &, 5 AT = A, 227X & A 7R 2] FE7 Addoln, A9 Fo
A F& Rothe] B4 X EF FEN(True-arch form, T 77 AR Folu H3 229 & F a7
'A' company, San Diego, CA, USA)ol| ZtA| ufj g st 2 FAE st FEAAA 10 mm Aoz 7t
fetesmds A8ttt (Fig 1). etAth e AR A vy JEAEE HE
AE AAE AR A&FE 2te AS3AIRED 2 2 B3R ga A9 3 vy dFWE T
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A NAE 2SS 7*/\%17% ARt Feard Blol thale X, Y, Z S gk ol B2 ALtst
o] AZol] AHEE 249 FEe % APH A (tetragon) of A F & 7?'“6?3‘14( ig 1, Table 1).
2“;9_ , & Ad FE VEEEL 5043400, dE5RY B gk AR 2Epl oA A&kl A2
2 507107093, 2o AW PR 24 BF O3] /FE :;‘—Hc}ﬂ}x}, t&é’r FAE AlAe A3 5
o tisted X, Y, Z Wgo o] WAE At Aeo] BRES v MeR2EH /P w2 AH
B}l Roth prescription?] 0.018" H.2}# (Tomy, 9= w3 zRel Agrt 4 mmrl HEE A
Tokyo, Japan)2 2dg &}31, 4.2 0.016" x 0.022" o2 B4 wkEo] Ralg A9 wele Zb Xo} B
2719} 3214 beam 8AF A 3T 0.8 mm 27 2l 294 Ao dgdle 349 AN 25
9] <l F& SFEA S AX Bl Alold| SIXA] o= U3 EHE & Aitete] &8skt (Table 2).
715 54 4% 2 mm BE 5 mm o2 A% 5t
At el
715 ABAE 4&F A AdAS o] A9
248 QAo slo], 294 WIS XEoE £ 71Zmd o] 5} Condition 1 (AQ Fo] &o|E
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Table 3. Material properties

Periodontal ligament
Alveolar bone

Stainless steel

2 mmE 3t AT Fo2 200 go] T A
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Table 4. Anterior teeth displacement of Base model (xE-05 mm)

Central incisor

Apex y 0.3645 0.1153 0.4837 1.7917 1.5515 1.9186
z 1.1827 1.2673 1.1295 ~-0.0608 0.0206 -0.1167
Center of cervix vy -3.1707 -3.2224 ~3.1771 -3.8639 -3.8932 ~3.8522
z -0.7998 -0.5980 -0.9927 -3.0600 -2.8546 -3.2506
Lateral incisor
Apex v -2.7615 -3.6529 ~7.0182 -5.3833 -6.2669 -9.6342
z 3.6418 3.7790 49334 4439 45761 57315
Center of cervix vy -4,1839 -3.9637 -2.8635 -2.0896 -1.8496 -0.7578
z 3.2906 4.3596 9.0757 7.3218 8.3938 13.1080
Canine
Apex v . 1.9882 1.1811 3.4005 0.5065 -0.3104 1.9180
z -0.0122 0.4506 -1.0732 1.0471 1.5077 -00.0146
Center of cervix vy =-3.7757 -3.6127 -5.5599 ~-2.3815 -2.2011 -4,1667
z -2.5407 -1.4782 -5.0866 -0.0990 0.9637 -2.6490

Condition 1, combination of 2 mm height retraction hook and 2 mm height upper 1st molar hook; Condition 2, combination
of 2 mm height retraction hook and 10 mm height orthodontic mini-implant; Condition 3, combination of 5 mm height
retraction hook and 10 mm height mini~implant; CC, compensating curve.

Table 5. Anterior testh displacement of Lingual tipping model (xE-05 mm)

’Condltlon 4 Condmon 5 Condltlon 6 ;

Central incisor

Apex y 0.8412 0.6313 1.0163 2.2244 2.0201 2.4044
z 0.6061 0.7299 04797 -1.2998 -1.1780 ~1.4281
Center of cervix vy -3.2957 -3.3319 -3.2018 ~3.8046 -3.9076 -3.8721
z -0.8929 -0.7036 ~1.1558 -3.3087 -3.1154 ~3.5689
Lateral incisor
Apex v -1.8443 ~2.7282 -6.0571 -4.5040 -5.3838 -8.7138
z 3.8336 4.2438 6.5168 5.4664 58752 8.1488
Center of cervix y -3.8736 ~-3.5144 -1.8126 -1.2479 ~1.8693 0.8240
z 3.4028 44714 0.3878 7.5766 8.6484 13,5630
Canine
Apex vy 2.1043 1.3830 3.4087 0.7491 0.0168 2.0465
z ~1.0286 -0.3094 -2.6457 0.5285 1.2424 -1.0941
Center of cervix y -3.9895 -3.7529 -5.8940 -2.4111 ~2.1600 -4.3196
z -2.5745 -15317 ~5.1044 ~0.1949 0.8476 ~2.7298

Condition 1, Combination of 2 mm height retraction hook and 2 mm height upper 1st molar hook;. Condition 2, combination
of 2 mm height retraction hook and 10 mm height orthodontic mini-implant; Condition 3, combination of 5> mm height
retraction hook and 10 mm height mini~implant; CC, compensating curve.
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Fig 2. 25000 times enlarged axis graph of Base model.
A, Condition 1, B, Condition 2; C, Condition 3; D,
Condition 4 (Condition 1 with 4 mm compensating curve
(CC)); E, Condition 5 (Condition 2 with 4 mm CC); F,
Condition 6 (Condition 3 with 4 mm CC).
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Fig 3. 25000 times enlarged axis graph of Lingual tipping
model. A, Condition 1; B, Condition 2; C, Condition 3; D,
Condition 4 (Condition 1 with 4 mm compensating curve
(CC)); E, Condition 5 (Condition 2 with 4 mm CC); F
Condition & (Condition 3 with 4 mm CC).
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Base model

50

-5 0 6 0 20 30 40 60

Fig 4. von Mises stress (g/mm’) distribution of Base
model: A, Condition 1; B, Condition 2; C, Condition 3; D,
Condition 4 (Condition 1 with 4 mm compensating curve
(CC)); E, Condition 5 (Condition 2 with 4 mm CC); F,
Condition 6 (Condition 3 with 4 mm CC). Lingual tipping
model: G, Condition 1; H, Condition 2; /, Condition 3; J,
Condition 4 (Condition 1 with 4 mm compensating curve
(CC)); K, Condition 5 (Condition 2 with 4 mm CC); L,
Condition 6 (Condition 3 with 4 mm CC).
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ol A st

oA &8 BEE B3] 98] AME-g von
Mises stresst=, &7+ HE Aol Yo 67419 29
AEL e EHE o2 X Ro g 48
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IH2AM SWA en masse sliding retraction Al
Hxg xE =E 2000 thet

el

Fig 5. Predicted force vector passing through the center of
resistance of the 6 anterior teeth on various retraction hook
heights. a, 2 mm height retraction hook; b, 5 mm height
retraction hook; ¢, 10 mm height retraction hook; d, 10 mm
height orthodontic mini-implant; e, center of resistance of
the 6 anterior teeth (estimated position); V1, predicted force
vector passing through a and e; V2, predicted force vector
passing through b and e; V3, predicted force vector passing
through ¢ and e.

o 35 F o AB/HLER FHI] Y3k,
Bennett®} McLaughlin'e]] 2]3te] A715 SWA sliding
(Condition 1) Al2] X|o} o]Fo] a8 A A of
QA AEFIA HEeA s & et doh F
dx), XA, A e BF BAF o]FE YEUIdS
™ (Fig 2, 4), A1d 3] 22 24 o7 #A
B 2o|(Fig 4, 4) EEH AU WA SWA sliding
2 FAF 4 o)l AHs| dagt AL ARE
sk Aol Frtn AdEHTH
F354 10 mm Aol Y JEHES
(Condition 2) 200 g2] 71 go] A<l o] djstoq

18° TAuto B sl B, A E 23 49
whofl 54 go] i o] sheiRlnt. o] drdEe X
2 WA WEe g SHAlTE RHEE TAA
D2 AXF A& A4 v FHE A= 7]
v, 34 AE e WE e 6 7AX] A
AVEZ (Fig 1, 4), SWA-slidingol]
vl AXE AF A H FAaHEAE gt
(Fig 2, B). ©] A$& FAF 28 BE on|E
Fol Lol & oz HIlTh

A9 F9] EolE 2 mmolA S mm= F7HAIZ A
© (Condition 3), Pl JZHES} A9 F 7ko] 44

dEE /_’1}6}

oh“

o,

R ) °

o

.
T
7

A9 Fpol7t ZolERE FUYY AV E HaH
A5k (Table 1), &t 6 AX S A F4ld v <4

345



ot
)
S
o

>
>
e

&

R

3 S e %
R A I)

Aol tial A =9 lever actiono] © =7}
0.016" x 0.022" Z7]e] ~Holg~ 28 FAlo)
Jo] ol & AEBHA Kl SHX| F9 X H

W

S
2
Ao
-0,
o

fo
__(315
B
o
3
rh
RN

Qo

g, o it
Iﬁlo
=

o i

S i

o Sy
o
X,

o,
do
ol
fmc
bl
ol
i
N
— F

o
= O
=
2y
™
f

> ol

=

=3

2‘-"

&

do

A
0,

do

o
2
o |
wo o
¥
%8,
rr
En
N I
bt
b
lo
frit

St
Lo
B
-

2
o o
oy
s
o
offt
i)
oft
ok
Ir
o P
o S
Ju
o
N
)
o
38 g
=

=,
o
i

ee$} Chung™e] -0l e
A& FAle] wole XA KA X
mm, 44.32% EolZ Azl ¢35k
wges 24 vtd o4
o HA A2 AW AER d=T
ARl Z2o] Fol7F2 ~ 5 mmel % =
A& FHste A FE(Fig 5, VI, V)& A5

A

2
(=Y
&,

t

]
i)
rir
Lo F oo e e T

, Melsen

0% Bor
Ul =
Nt
2 yo
w g8
5
= N
ot mlzi
)

W, vy dZUEE A24FX] X2 e 24
2} 4] Alolol] x| F]olof Bt} o] & 9l
U AZSHNEE L&A 77 AFF A AL s
of A€ty 0.0107 9 ZEEAE vy JdEZUE
o] Fl= Fale 2 & gAaAQE 8317 935
Zom olgslA "L o] WHol AE slee A
T AXF e FHToz 2A o]F & AHolth 3
vk B AV A FeA Ashibe] X it
(mpinge)ahs Aol U4 Hgo] ol g E
o,

= tixele] A Fy QIEUEE WA ¥
W AAE 93k SAAE 431y foldly F=2
B2 223 ek 2o AAR APEh 34
T AXE 2 glo] A FAS Bt A W
ElE FAstE A 19 &2 FolE 10 mm W71

346

AR AR 36W 55, 20064

Z7}A A oF g} (Fig 5, V3). o] A% vy JdZHE
-SWA slidingol] AF&-E F£34-2 0.8 mm 272 7
ol Z3 Ag(dFHH 64AAE shte] Ed= 7t
£ 5 g v 334

MW}

= A)E 7HA oF @t

EE 30 glol B viae Rosd BAd
SRS AR Bl HlE AR £F BV F
7FetAth &3] o]z A £ ®olE £Y W T4
sk A9 AR A BAE FaAAT ST
B HEL F5A% Be e vide S
T eng AR nyde] Fd 2 €T A
F 5 o) W) 247t 2 F Ut

opEba AR H X Fo] g7 W sFeta Ao
ade] 27HE At A F9 Hol& 5 mm
2 3le] vy JZWE-SWA slidingg 2§32, A
AR A& BAFE B AdstnAt ste A 2 A
7F A4 BAME el e A 4 mm B T
< ° 23ete] AAF £ HAE A =dheE Aol
g Aoz Qg

Pz AXNR T A Al AA o] FRT=
At o)Fol B & dojunz JjERdd) v)F A
A7V AEFoR FAR AE5AA P A A K
A& 24 ¥ foldlof & Aotk AE5AARY

of] thsled Condition 1 ~

B
o,

[e]

uEbs] HAFIF AEo 2 A 2
01 E ol AY B whg Foagozn A
A&g FASAY AT 5 A& o= o
o},
frete sl e uy Ggor &
(biomechanics)ol] )3t X|o} o] 52 FAFE Al EH|
A& B3l slAshe WHOR, o] & o83t B2 o
TFE°l Yl gt 22y LA e o
< SAE 7RI AA, oA A= ARl S
A, JETH S AFE 2T &4 Ald
AH 3] AEskA] 3tz AA AA veTE o=
o] Aol7t gl F AUk EA, 3 as B4
Al @zl Ao} ¥ B g FEE 35| 7ElA
< o] YehE £7] Ko} o]% %AH(initial reaction)
& A5l AolmE A|7F 2 (time factor)7} Z o]
sof, AAZ A oA 2l AlHE T dojyt
T Aot olF FFHT AelE B & Uk

Ao 2 B A3E 93t AE riERdy)
AE7AARde] B d&ade] XE AAd A4

o

15
1=}
=
H

==



Vol. 36, No. 5, 2006. Korean J Orthod

= 22814 &
At AT JERdI dESHA R
Edold AHE Faste] A4 A

oA wlU JZ;ME-SWA sliding A -2 FALgTH

A, ol¥l AT Ayt AR A& 2L g5t 1
He Abatel digh shel=gRle g &8E £ e
Aol
A=

B oJFox= orthodontic mini-implant 178 43}
SWA &5 o8& o] 83} en masse retraction A] =]
B 2ZE z2A40| L8R5 s Lo}

5‘5;% oAl =

B7] Aol AlaTAE AAZ gt Aoke} A5
A 221 ATl g 334Y Fkas 71F
g3 dE52de AZeta B4 49 v éi
= 2t

1.2 mm ¥ol9 A9 Fo thstel FALOE A
2g 71e A 2AHE FPAo A A
A% 85 BV} ueEA e g9

2. A9 %¢] Fol7k s mmdl B¢ Y AAHL
7}—3}93, =7 A2 4 olFo

4% A B S EEE 1ERY
2 AR § A5 A2

1. Bennett JC, McLaughlin RP. Controlled space closure with a preadjusted
appliance system. J Clin Orthod 1990;24:251-60.

2. Vasquez M, Calao E, Becerra F, Ossa J, Enriquez C, Fresneda E. Initial
stress differences between sliding and sectional mechanics with an
endosseous implant as anchorage: a 3-dimensional finite element

2

21

IHEZ 0L A=Y

W

wn

f=a)

~

oo

o

0.

et

E THLI3 SWA en masse sliding retraction Al
AR RE =d QU0 zist FeQAdY

analysis. Angle Orthod 2001;71:247-56.

. Rhee JN, Chun YS, Row J. A Comparison between friction and

frictionless mechanics with a new typodont simulation system. Am J
Orthod Dentofacial Orthop 2001;119:292-9.

. Proffit WR, Fields HW. Mechanical principles in orthodontic force

control. In Contemporary Orthodontics. 3rd ed. St Louis: Mosby; 2000.
p. 326-61.

. Cope JB. Temporary anchorage devices in orthodontics: a paradigm shift.

Semin Orthod 2005;11:3-9.

. Park HS, Kwon TG. Sliding mechanics with microscrew implant

anchorage. Angle Orthod 2004;74:703-10.

. Celenza F, Hochman MN. Absolute anchorage in orthodontics: direct and

indirect implant-assisted modalities. J Clin Orthod 2000;34:397-402.

. Kim CN, Sung JH, Kyung HM. Three-dimensional finite element

analysis of initial tooth displacement according to force application point
during maxillary six anterior teeth retraction using skeletal anchorage.
Korean J Orthod 2003;33:339-50.

. Lee Y1, Cha KS, Ju JW, Lee JW. Stress analysis of Multiloop Edgewise

Arch Wire with various degree of tip back bend : a study using the finite
element method. Korean J Orthod 2000;30:127-42.

. Cheon OJ, Kim TW, Suhr CH. Three-dimensional finite element

analyasis of the phenomenon produced during retraction of four
maxillary incisors. Korean J Orthod 1995;25:525-41.

. Park CK, Yang WS. A three-dimensional finite element analysis on the

location of center of resistance during intrusion of upper anterior teeth.
Korean J Orthod 1997;27:259-72.

. Tanne K, Sakuda M, Burstone CJ. Three-dimentional finite element

analysis for stress in the periodontal tissue by orthodontic forces. Am J
Orthod Dentofacial Orthop 1987;92:499-505.

. Sung SJ, Baik HS, Moon YS, Yu HS, Cho YS. A comparative

evaluation of different compensating curves in the lingual and labial
techniques using 3D FEM. Am [ Orthod Dentofacial Orthop
2003;123:441-50.

. Choi JK. Finite element method for engineer. Seoul: Cheongmoongak

publishing; 2004.

. Park HJ. Finite element analysis using ANSYS. Seoul: Kwangmoonkag

publishing; 2001.

. Coolidge E. The thickness of the human periodontal membrane. J Am

Dent Assoc 1937;24:1260-7.

. Park HS. Orthodontic treatment using Micro-implant. Seoul: Narae

publishing; 2001. p. 5-22, p. 36-46.

. Ren Y, Maltha JC, Kuijpers-Jagtman AM. Optimum force magnitude for

orthodontic tooth movement; a systematic literature review. Angle Orthod
2003;73:86-92.

. Pilon JJ, Kuijper-Jagtman AM, Maltha JC. Magnitude of orthodontic

fores and rate of bodily tooth movement. An experimental study. Am J
Orthod Dentofacial Orthop 1996;110:16-23.

Lee HK, Chung KR. The vertical location of the center of resistance for
maxillary six anterior teeth during retraction using three dimensional
finite element analysis. Korean J Orthod 2001;31:425-38.

Melsen B, Fotis V, Burstone CJ. Vertical force considerations in
differential space closure. J Clin Orthod 1990;24:678-83.

347



ORIGINAL ARTICLE

Factors influencing the axes of anterior teeth during
SWA en masse sliding retraction with orthodontic
mini-implant anchorage: a finite element study

Hye-Sim Jeong, DDS, MSD,” Sang-Jin Sung, DDS, MSD, PhD,b
Yoon-Shik Moon, DDS, MSD, PhD,’ Young-Soo Cho, PhD,® Seung-Min Lim, DDS®

Objective: With development of the skeletal anchorage system, orthodontic mini-implant (OMI) assisted
en masse sliding retraction has become part of general orthodontic freatment. But compared to the
emphasis on successful anchorage preparation, the control of anterior teeth axis has not been
emphasized enough. Methods: A 3-D finite element Base model of maxillary dental arch and a Lingual
tipping model with lingually inclined anterior teeth were constructed. To evaluate factors influencing the
axis of anterior teeth when OMI was used as anchorage, models were simulated with 2 mm or 5 mm
retraction hooks and/or by the addition of 4 mm of compensating curve (CC) on the main archwire.
The stress distribution on the roots and a 25000 times enlarged axis graph were evaluated. Resulis:
Intrusive component of retraction force directed postero-superiorly from the 2 mm height hook did not
reduce the lingual tipping of anterior teeth. When hook height was increased to 5 mm, lateral incisor
showed crown-labial and root-lingual torque and uncontrolied tipping of the canine was increased. 4 mm
of CC added to the main archwire also induced crown-labial and root-lingual torque of the lateral incisor
but uncontrolled tipping of the canine was decreased. Lingual tipping model showed very similar results
compared with the Base model. Conclusion: The results of this study showed that height of the hook
and compensating curve on the main archwire can influence the axis of anterior teeth. These data can
be used as guidelines for clinical application. (Korean J Orthod 2006;36(5):339-48)

Key words: Orthodontic mini-implant, SWA, En masse retraction, Finite element method
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