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Second Premolar Extraction

Fig 1. Standardization in X, Y, Z axis and 3D FEM with bull looped archwire activated by 2 mm in length. X-axis is the
line connecting the distal surface of the second molars, Y-axis is the mid-sagittal line of the dental arch on the occlusal
plane, and Z-axis is the perpendicular line to the occlusal plane. Left, First premolar extraction model; right, second premolar

extraction model.

Table 1. Mechanical properties of materials for FEM

Young's Modulus (g/mm?)

Poisson’s Ratio

Tooth 26 x 10° 0.30
Resin 26 x 10° 040
Paraffin (solid zone) 50 x 10 0.01
Paraffin (melted zone) 1.0 x 10 0.01
Stainless steel 1.9 x 10/ 0.30
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Table 2. The number of nodes and elements for FEM

1st premolar extraction 2nd premolar extraction
Nodes Elements Nodes Elements

Artificial bone 21,300 90,060 21,300 90,060
Artificial tooth 20,044 79,606 20,59 79,706

Bracket 872 3,598 786 3,154

Wire 554 553 432 431

Total 42216 173817 43113 173,351
Diamond Roth prescription (Ormco, Orange, Glendora, z2 ZAl sl
CA, USAYE 24:2 AL, SA42 bull F2&5 fratad 2ol Ao} o] FFL 2t Aot A
7F0.017" x 0.025" 2Rl 2~ 4 348 3244 Hroot tip), x| 3 (crown tip), w4 H(mesial), ¥4
beam &% A&t Bull X A9 A1k A(distal) X2 WFo 7 SMBATE WX oA
A mebl AR 27 dANZeH, 108 = Ao, pARddE AREFATH A e
gable bend***& Fojatgict, 2 2L ave R Fegon, AHPe A

2 Aol BYE bull FZ9 2 mm olAR  RoAE Aekd(cown tip), FARIAE @
Aolatan Gzl o e ot} X x2E o] FFE ZA 9Hcentral pit)2 H ) ZAHL W] 24
< Fstatgich. @4 stel ojato] A H-2 A &0 Ho] Huf FEHHE open, e 44w
249 Aol 5o R P29 A& FYE o] FA HAd FHF2 Atk olF ¥ 7]":% A7 st
g9 2 o DA E bull £29] 2 mm FA 7] st 2 Aol x, y, 2%l @ gh& Foisksl

(o]

217} gable bend= @A} 3late] R o}s} 2| 2F 9] o] F th xZ9] /S (+-)FES FFFAX (mldhne)oﬂxu

FHE PIAAL, o Hda DAk TS aAelEE e vasl g ke U
BYE ARGl A AN TAAT TN B 5 U FBE 20 Al
B0z Q@ oAE A2HHAT. HBRE BAY  fu, WeELRS Ao FAREE elnlg
Al B A2 AR B0l F2 Aol HAE AATE Ul GOz,
mm vle) 799 Ao BasAdeT, oA Y AANEE $09 %22 Helath Contour plof”
Aol 9] cinch-back H& tie-back¥ FAHE 23HE ol A AL ARF A Yeia, AN
A gAgke WA g te] HE WA vHE %li]%:’v] w39 AEE orldit
Al &8kl AFolA AHEE fetas wdel F A

34 2 geAe A5y, FRHoRE 242 FH -,—9} 849 = Table 29| 7|8} oL
B2 A7) sAugke 2 njnddE 7hest g8 BAslr] ¢slA] Ansys version 11 (ANSYS,
A 93 ol ¥ Ysted A A Node- Canonsburg, PA, USA)3} Pentium [V 3.0 GHz 7 3FH|
coupling)7| & 2 &3t olu] whEA A o3t & A&k
JaFe FAET

HApaE

AATR B2 Al A EA(4th activation)F
A glo] W R|ole] o] EkAS Blwalr] 93} ZA R, 282 2 A7} 2.1 mm, 2.3 mm, 2.9 mm
of AgEeAE 7 Aote] X B(rown tip A FHom o] FHY: 0.9°, 0.9°, 0.9°9) 224 AN}
Zd(root tipyell A3 AHE, wFAALAA g ol %< B oju AR2ATA, AIHFA R A2
gejel Wae wol9el Aop 2AAF Al A FHE 15 L1, 4800 248 E vk v
et Ao WS 250000 & Erfste] 1 ZA(12th act1vat10r1) T FHA, FAEX, AR
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Table 3. Comparison of tooth movement after first premolar extraction
Displacement Rotation
Tooth  Position  4th activation . 8th activation 12th activation 4th activation  8th activation  12th activation
X y z X y z X y z Sagittal Occlusal Sagittal Occlusal Sagittal Occlusal

Central oot tip 01 -07 07 03 11 11 05 -20 13

incisor  crown tip -0.1 -21 -02 01 39 03 -01 -57 -03
09 -0.2 74 03 -96 06

mesial 00 -21 01 00 -38 00 00 55 00

distal 0.1 -21 -02 01 -39 -03 01 -56 -03

Lateral  root tip 00 -07 06 00 -12 10 00 -19 1.3

incisor  crown tip 0.1 -23 02 01 43 -03 -01 -61 03
09 0.3 80 02 106 02

mesial 01 -21 02 01 39 -03 -01 -59 -03

distal -01 21 01 01 -39 00 -01 -56 00

Canine  root tip 0.0 10 06 0.0 20 09 00 -34 10

crown tip 02 29 -02 03 50 -03 04 -68 03
09 -0.8 73 03 -84  -03

mesial 02 -25 04 02 -44 05 03 -61 06

distal 02 -25 02 02 -44 04 03 -60 05

2nd root tip -0l 02 -01 -04 05 -02 -09 11 -03

premolar crown tip -1.0 05 02 1.8 10 -03 -28 18 -03
1.0 -1.0 1.3 -31 2.0 -6.7

mesial -10 04 01 -18 08 -01 30 14 00

distal -08 04 -03 -14 09 -04 -21 16 -06

Ist oot tip 05 04 -03 09 08 -04 -14 15 -04

molar crown tip 0.7 03 -03 1.2 07 -05 -17 13 -04
1.0 -1.0 -05 27 -1.0 50

mesial -08 04 -03 -14 08 -03 -22 14 -06

distal -06 03 -02 09 06 -03 -12 12 -03

2nd root tip 01 03 02 03 08 -02 08 15 -02

molar crown tip -0.1 03 -0.2 01 06 -02 -02 13 -02
) 1.0 “1.0 05 -90 -05  -11.7

mes.al -05 03 -02 07 06 -03 10 12 03

distal 03 04 02 08 08 -02 09 17 -02

Mesial, the convex point of the mesial surface of tooth; distal, the convex point of the distal surface of tooth; +x, distal/buccal
movement; -x, mestal/palatal movement; +y, forward movement; -y, backward movement; +z, intrusion; -z, extrusion; ‘value in

rotation, clockwise (mesial-out) rotation;

o] Z 2 5.7 mm, 6.1 mm, 6.8 mm¢ld] &l A24T
A, AL 202 9] HMbo] B2 1.8 mm, 1.3 mm, 1.3
mmo] At} FH X ¢] X o] 5.7 mm FiFo]F Al |
THE 20 mm o) wlo} 9.6°9 A AA}
olFS KAtk A24T], AL 2tFA = 6.7°, 5.0°,
117°9] & 2A7AAME RS9, 539 A2+
A 2 #@e] 2AHS 12 mm 2A 2 1.0 mm 7

value in rotation, counterclockwise (mesial- in) rotation.

zom o251 UAML 1.7 mm 2AOE 09
o] WPHAN FEA A H5 2

A38]d o] %S BT} (Tables 3 and S, Figs 2 - 5).
A2 B A W) HA EAJ(4th activation) T
242, 24, 4% 2 A12EH7F 1.2 mm, 12
mm, L5 mm, 1.5 mm= F¥o|% 351, 4.2°, 2.9°,
24°, 1.4°9) 244 74} o5& BHh oluf AL, 2
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Table 4. Comparison of tooth movement after second premolar extraction

Displacement Rotation

Tooth  Position  4th activation 8th activation 12th activation 4th activation ~ 8th activation  12th activation

X y z X y z X y z Sagittal Occlusal Sagittal occlusal —Sagittal Occlusal
Central root tip 01 -01 11 05 -04 06 05 -08 17
incisor crown tip -01 -12 -04 -01 -23 06 -01 -32 -07
mesial 00 -08 -02 00 -17 -03 00 -25 -04
distal -01 -11 -03 -01 -21 -05 -01 -29 -05
Lateral root tip 00 -02 04 00 -05 08 00 -08 10
incisor crown tip 0.1 -1.2 -04 01 -24 -06 02 -33 07
mesial 01 -10 -04 01 -20 06 02 -28 -07
distal 01 -10 -02 01 -20 03 01 -28 -03
Canine root tip 00 -05 00 00 -1.1 -01 00 -16 -01
. crown tip 06 15 -04 09 -25 -06 1.0 35 -07
mesial 05 -13 -05 08 -22 08 09 -31 -10
distal 05 -13 -01 07 -22 -02 08 -31 -02
2nd root tip -02 -10 -04 -06 -21 -08 -12 -31 -09
premolar crown tip 05 -15 -04 10 -24 -06 1.3 -35 05
mesial 05 -14 -05 08 24 -07 10 -34 -06
distal 04 -14 -03 07 -24 -05 07 -37 -07
Ist root tip -07 08 -03 -11 20 -04 -16 37 -04
molar crown tip -01 11 -03 -02 24 -05 -04 41 -05
mesial -03 12 01 -06 25 -02 -09 42 -02
distal 00 11 05 01 23 -08 -01 40 -08
2nd roottip 01 07 -05 02 18 -08 08 33 -09
molar crown tip 03 12 -05 07 25 -07 08 42 -08
mesial 00 11 -06 01 23 -06 00 40 -06
distal 06 11 -06 1.1 24 -09 15 42 -10

42 1.6 -6.6 2.3 -78 22

-29 04 ~54 0.2 7.1 0.1

-14 0.7 09 0.1 -0.9 25

1.7 -36 27 -39 35 8.5

Mesial, the convex point of the mesial surface of tooth; distal, the convex point of the distal surface of tooth; +x, distal/buccal
movement; —x, mesial/palatal movement; +y, forward movement: -y, backward movement; +z, intrusion; -z, extrusion; +valuc in
rotation, clockwise(mesial out) rotation; -valac in rotation, counterclockwise(mesial-in) rotation.

A7k L1 mm, 12 mm Aol &43lw, 53] & 2413]A o]F& ATk (Tables 4 and S, Figs 2
WA A A2EA T 3.6° F= 2AHAE - 5).

VERA T vhR] ek 2 EA3(12th activation) ¥ FH ],

Zxx), A2 D A1A7HE 244 32 mm, 3.3 mm Al&toiof| M x|Olo|ES ate| H[I (Tables 3 - 5,
3.5 mm, 3.5 mm% FolF 3t a1, 7.8° 7.1°, 4.4°, Figs 2 and 3)

0.9°9) zAA AAbol5S Bk Al 2074 =

4.1 mm, 42 mm Aol & 3% 11, 43°, 85°9] ¥ FAX, 243, Ax 9 T ojeHFe AliTA
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Table 5. Comparison of tooth movement after first and second premolar extractions

Displacement Rotation
Tooth  Position 1st premolar ext Znd premolar ext 1st premolar ext 2nd premolar ext
X y z X y z Sagittal ~ Occlusal Sagittal  Occlusal

Central  root tip 0.5 -2.0 1.3 05 -0.8 1.7

incisor crown tip  -0.1 -5.7 -0.3 -0.1 -3.2 -0.7
-96 0.6 -7.8 2.2

mesial 0.0 -55 0.0 0.0 -25 -0.4

distal ~0.1 -56 -0.3 -0.1 =29 -0.5

Lateral root tip 0.0 -19 1.3 0.0 -0.8 1.0

incisor crown tip  -0.1 -6.1 -0.3 0.2 -3.3 -0.7
-106 02 -71 0.1

mesial -0.1 -56 -0.3 02 -2.8 -0.7

distal 0.1 -5.6 0.0 0.1 -2.8 -0.3

root tip 0.0 -34 1.0 0.0 -16 -0.1

Canine  crown tip 0.4 -6.8 -0.3 1.0 -35 -0.7
-84 -0.3 -4.4 0.3

mesial 0.3 -6.1 -0.6 09 -3.1 -1.0

distal 0.3 -6.0 -0.5 0.8 -3.1 -0.2

1st or  root tp 09 1.1 0.3 1.2 -3.1 -0.9

2nd crown tip 2.8 1.8 0.3 1.3 =35 0.5
2.0 6.7 -0.9 25

premolar mesial -3.0 1.4 0.0 1.0 -34 -0.6

distal 2.1 16 06 0.7 -35 -0.5

Ist root tip 14 15 0.4 -1.6 3.7 -0.4

molar  crown tip 1.7 14 -0.4 04 4.1 -05
~1.0 -50 1.9 -45

mesial 2.2 1.3 0.6 -0.9 4.2 -0.2

distal -1.2 1.2 -0.3 -0.1 40 -08

2nd root tip 0.8 15 -0.2 0.2 3.3 -09

molar  crown tip 0.2 1.3 -0.2 0.8 42 0.8
0.5 -11.7 35 85

mesial -1.0 1.2 -0.3 0.0 4.0 -0.6

distal 0.9 1.7 -0.2 15 4.2 1.0

Mesial, the convex point of the mesial surface of tooth; distal, the convex point of the distal surface of tooth; +x, distal/buccal
movement; —x mesial/palatal movement; +y, forward movement; -y, backward movement; +z, intrusion; -z, extrusion; +value in
rotation, clockwise (mesial out) rotation; -value in rotation, counterclockwise (mesial-in) rotation.

WEA] A] 5.7 mm, 6.1 mm, 6.8 mmo] 1 A24T2] & o] ool B AllaTz] EAlA 2 &9 Wl
WA g A9+ 3.2 mm, 3.3 mm, 3.5 mmE Rt o] ] Wol VERGTh A1ATFR wR]o] A-SoA]
EZF Aol A 242} 0.3 mm, 0.7 mm 2] 9] w|of A, 23] = A 2] dAAAE B, A2aT
&S Enk ﬂl/\‘_rLi] HL?] Al AN, 20 A A A= W R AL 20 A el 2414
= 13 mme] Aol E& 2272 Ao AHE VERA ST

1
A& 4.1 mm, 42 mmE mo] @ ‘ol = mith Wk
¥ BFolM AR vnd HES Bt AA
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by

First Premolar Extraction Second Premolar Extraction

[
-.59092 -.395183 -214917 -.034652
30!

-.395607 -.200294 -.004981 .190331 5
-493263 -.297951 -.102638 1092675 287988 -.30505 -124784 055481 1235747 416012

— = SR T
-.437302 -.28896 -.140168 007724 .156066 -.265226 121463 166063 309827
-.363131 -.214798 -.066447 081895 230237 -.193345 .094182 237945 .381708

e ——
~.441354 -.221089 -.825E-03

msm———— -
-.371272 ~.231268 -.091263 048741 188745 21944 ¥
-.30127 -161266 -.021261 8743 258747 -.331222 -.110957 .109308 -.329572 .549837

c

Fig 2. Tooth movement on the sagittal plane by FEM for upper 1st and 2nd premolar extraction models. The images were
obtained before and after activation. Each step was equilibrated for application. +, Forward tooth movement: -, backward
tooth movement. The amount of tooth movement is displayed by various colors, and color bar scales were different for each
step; A, 4th activation; B, 8th activation; C, 12th activation.

WEtHollAf [0t 05 atel HIT (Tables 3 - 5, FIE ANETH BH A 50, 11.7°9) 243 HE
Figs 4 and b) BT A24T-2] @R AlE 439, 85°9 A AS
weich g AT BH A A2 TA L 24
STAZ|, FHX|, AXE A, 22F32] XA 1] 3 A gEo] 0.8 mm FZoF o]}
SoHAl viml e g d-& Bk Al 207 9] 3|A
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Second Premolar Extraction
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Fig 3. Changes of long axis of tooth on the sagittal plane for upper 1st and 2nd premolar extraction models. The long
axis (line between root tip and crown tip) of tooth was obtained before and after activation. Green, Before activation: red,
after activation; blue, initial state; A, 4th activation; B, 8th activation; C, 12th activation.

k)

3% AgelA A ik edsn b E
8 WAEE Aok 2FAGG 274 B4 £
WA F7E A e AL ol FE BE Hoe] A
Q olEoE ol Foixy] WEe] 1 7Re %45
oh 59 AN %S AAE fAsEAN PHR
239E 2ok BE L Paee 28] o 2ol

AAA E4 & &3 Aools Fdoll dig olafrt
gttt

AL 2872 A & I el g 71E
o AL g 2 A%, AAR AF 4w, 7
AN #A, 24 HE T 9GFFd 298 ek
= AgANE 2ol gl AAHIL EE2E 5YS
Fstell A @] wAEH = Aokt th2A F F A
ololE & Bl

415



Xl w™X 373 63, 200744

TAOK, RIS, M, TR

Second Premolar Extraction

First Premolar Extraction

s e LI T —
1721 -1.265 -.810059 -.35468 -778992 -.492328 64 01 65
-1.493 -1.038 -.582369 - 12699 32839 - 63566 -.348996 -.062332 22433 510997
Rt % S S
-1.764 -1.317 -.869892 071 023751 -.788479 -.520892 3306 014281 281867
-1.54 -1.003 -646481 -1 237161 - 654685 -.387099 -119513 147074 41566

H
§ ER AR

ety ' R T e TR ) e "
-.956817 -622005 -.287193 047819 382431
-.789412 4599 - 119787 215025

-1.704 -1.265 -826635 - 1094
-1.485 -1.046 -6072203 -.168338 270526

549837

Fig 4. Tooth movement along the occlusal plane by FEA for upper 1st and 2nd premolar extraction models. The images
were obtained before and after activation. Each step was equilibrated for application. +, Forward tooth movement; -,
backward tooth movement. The amount of tooth movement is displayed by various colors, and color bar scales were

different in each step; A, 4th activation; B, 8th activation; C, 12th activation.
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Fig 5. Change of the antero-posterior and rotational movement on the occlusal plane for upper 1st and 2nd premolar
extraction models. The line between mesial and distal points of the tooth was obtained before and after activation, and the
distal-in rotation of canine and the mesial-in rotation of anchorage teeth were observed. Green, Before activation; red, after
activation; blue, initial state; A, 4th activation; B, 8th activation; C, 12th activation.
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ORIGINAL ARTICLE

Comparison of finite element analysis of the closing patterns
between first and second premolar extraction spaces

Shin-Ae Koh, DDS, MSD, PhD," Won-Hee Im, DDS, MSD, PhD,b
Sun-Hyung Park, DDS, MSD, PhD,” Youn-Sic Chun, DDS, MSD, PhD*

Objective: The aim of this study was to compare the differences in closing extraction spaces between
maxillary first premolar and second premolar extractions using 3-dimensional finite element analysis
(FEA). Methods: Maxillary artificial teeth were selected according to Wheeler's dental anatomy. The
size and shape of each tooth, bracket and archwire were made from captured real images by a 3D
laser scanner and FEA was performed with a 10-noded tetrahedron. A 10° gable bend was placed
behind the bull loop on a 0.017" x 0.025" archwire. The extraction space was then closed through 12
repeated activating processes for each 2 mm of space. Results and Conclusions: The study
demonstrated that the retraction of anterior teeth was less for the second premolar extraction than for
the first premolar extraction. The anterior teeth showed a controlled tipping movement with slight
extrusion, and the posterior teeth showed a mesial-in rotational movement. For the second premolar
extraction, buccal movement of posterior teeth was highly increased. (Korean J Orthod 2007;37(6):
407-20)
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