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Table 1. Mechanical properties of components

Tooth . 0.3
Periodontal ligament 68x107% 0.49
Alveolar bone 1.4x10* 0.3
Bracket 21.4x10° 03
Wire(stainless steel) 21.4x10° 0.3
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Fig. 1. FEM model of lower teeth & bone
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Fig. 3. Five types of molar uprighting springs
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Fig. 4. SXINEA
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Table 2. Forces, moments & displacements produced by 5 types of uprighting springs

helical 137 | -138 | 109 32 -1.3 | 63 1.6 -04 0.7 0.2 -02 | -04

root 94 -1.0 0.7 - - -29 04 -04 01 - -0.1 ~1.1
3 T 78 - - - - - 02 0.1 0.3 -0.1 - -0.1
mod.t 01 -01 0.6 -0.1 -02 -04 0.1 -0.2 0.1 0.1 -0.1 0.2
box -0.1 0.1 0.1 - - - - -0.1 - 0.1 -0.1 -
helical -63 | -284 | 123 -7.0 76 6.8 -1.2 -09 0.8 -0.1 04 0.3
Toot -104 | -04 6.3 06 -0.3 37 -06 | 02 0.3 04 0.2 1.2
4 T 124 -84 194 0.1 0.1 -0.1 0.6 -0.9 0.6 01 0.1 0.2
mod.t 49 -1.8 6.8 07 -04 | -21 0.2 0.7 04 06 -04 | -08
hox 5.4 -37 7.3 04 -04 | -04 0.3 -0.3 0.2 0.1 -02 -0.1
helical -2.8 -0.9 6.8 0.8 2.3 08 -0.1 -0.1 0.3 05 0.1 ~
root -85 | 162 | 193 09 -0.6 2.4 -0.3 -0.7 0.7 0.7 -05 038
5 T 246 | -204 | 248 0.2 04 -32 1.0 -2.8 1.2 0.3 04 -24
mod.t 95 -446 | 174 1.0 -07 | -43 0.4 -12 06 0.8 -06 -1.8
box 167 | -384 | 204 12 0.8 -8.1 0.6 -1.7 04 04 04 04
helical 614 | 623 -47 | 272 63 | -B27 | 26 2.1 -0.3 43 -12 | -239
root 19.7 874 359 39 113 | -272 08 24 1.2 1.7 42 -20.3
7 T _ | 753 | 1603 | 357 115 6.8 -457 | 3.2 6.9 12 8.2 2.3 -37.3
mod.t 2.3 85.3 343 43 134 | -349 1.0 2.0 11 1.9 5.0 -31.3
box 416 424 289 76 43 -20.7 2.0 24 0.8 3.3 17 -14.8
Fx ! force acting in X-axis direction (+:distal, —‘mesial)
Fy : force acting in Y-axis direction (+'extrusive, —intrusive)
Fz : force acting in Z-axis direction (+:buccal, —:lingual)
Mx : moment rotating on X-axis (+:crown buccal, ~:crown lingual)
My * moment rotating on Y-axis (+:mesiofacial, —:mesiolingual)
Mz ! moment rotating on Z-axis (+:crown mesial, —icrown distal)
Ux : mesio-distal displacement (+:distal, —:mesial)
Uy : up-down displacement (+:extrusive, -'intrusive)
Uz * bucco-lingual displacement (+:buccal, —lingual)
8x : bucco-lingual rotation (+:crown buccal, ~icrown lingual)
By : mesiofacial or mesiolingual rotation (+mesiofacial, ~:mesiolingual)
8z : mesio-distal rotation (+:crown mesial, —icrown distal)

wn Ao 2% QA T-loopollA 744 &2 wkE & rE A

‘g')__
Heo Ao 2% helical springg A9 g A7)E= o2 vhgke BlE] A JEbgth 1 99
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Table 3. Forces. moments & displacements produced by T-loop without/with cinch-back

cinch 35 11 - - -0.1 - 0.1 0.1 01 -0.1 01 0.6
4 124 -8.4 194 0.1 0.1 -0.1 0.6 -09 06 01 0.1 -0.2
cinch 79 -34 97 0.2 0.6 -1.2 03 -0.1 0.3 0.6 02 -1.0
. 246 | 204 | 248 0.2 04 -32 1.0 -2.8 12 0.8 04 -24
cinch 234 | -133 | 153 04 12 -22 06 -14 06 11 0.8 -15
7 73 | 1603 | 3BT 115 6.8 -45.7 32 6.9 12 8.2 2.8 -373
cinch 427 784 284 76 84 -35.6 14 2.3 11 2.3 29 212
| oto o] wE-g& RW helical spring® root Table 4. Displacements of mesial root apex of lower

spring< sectional wire® H-8Ho| AX < A1k
TR Atelo]BE Ao f4lshioze] wigo)
AlLT R 2HsEe R o] el 1
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A22FH A 74 & ol Ve, W ¢
A e 2 velyth 28 39 lojA d&s
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5 SHANA = A o] A=A g3kt X o}
o AAMY FFE AR AT e B
T QA ol Fol A YERgaL T-loopol A 7}
4 & ANFE Bk 1 9] €] X oo A= helical
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A12T2 7t 2R 47t 0] B3| 3, 1 9
9] loopA M e A2&TX 7} gAlshoR ol Fs3)
Qe stol &L T-loopol Al 71 A Vet
Sk 2 99 Xole A= Au]dt o] Fato] Ely:
th 24 A" FAE 94 FAAF7 43 B
HEE AU EA A2 FH A BE Z €
A8 H B EYF 534 ZA Yelgo™ helical
springll Al 7F & $£28 EJ I box loop®l Al
VAL AL BAth gARgozE AR 4@
Z U EJ} helical springlA 74 ZA Ve
th. UmA] RoldlX & helical springold Ax]¢]
A HgA 2HES AATFRY AATA ZUE
7 9 vEhgton 1 Qe e An3 BHES
Btk Xole] sAHE A2UFA A X #e)
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second molar produced by T-loop with
various activations

T-loop without cinch 0.3 0.3 1.1
T-loop with cinch 0.1 0.3 1.0
T-loop with 0.5mm act. -15 25 09
T-loop with 10mm act.| -18 | 23 09
T-loop with 1L5mm act.| -22 21 10
T-loop with 2.0mm act. -25 2.0 1.1
A3 Aol AE8A ZA el T-loopllA

N2 FAE BJTh U8 WHeREe AAY
dE3AF 2HAeZI Al 47 UEyT tE
ool M= ZAu]g FHolFke EHTh

. T-loop< o] & A2uh +X] 9] A A A20] 73|
LA A 9] cinch-back & F-of @& o] & HY
A8 F ZF-olA A7NA ok FA point$; #)2th
X 9] 24X 2% (mesial root apex)d] Yeh}E g
I} RHE X|ol U9 E AlS3te] Table 37 Table
49) AA8FATE cinchE & A% 32 2 Aty
o2 1 377t A4EA T 53] A2 A ANA A
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Table 5. Forces, moments & displacements produced by T-loop with 0.5, 1.0, 1.6 & 2.0mm activation

20 59 08 01 0.1 -0.1 - 05 - - 0.1 0.1 -0.1
05 103 | -31 8.8 0.3 0.7 -09 05 -0.1 0.2 0.7 0.2 -09
A 1.0 113 | -24 7.3 02 04 -0.7 0.6 - 01 0.8 0.1 -0.8
15 139 | -21 8.3 0.3 06 -0.6 0.8 - 0.2 0.7 0.2 -0.5
2.0 151 | -2.7 89 09 05 -09 1.0 - 0.3 038 0.2 -06
05 216 | 614 | 147 05 11 -2.1 0.8 -0.3 05 10 0.7 -13
- 1.0 282 | 599 | 139 06 1.0 -19 0.9 -0.2 04 11 0.6 -12
15 312 | -B83 | 123 09 09 -16 11 -12 0.3 12 05 - -11
2.0 337 | 963 | 140 1.1 038 -1.7 13 -1.1 0.4 14 04 -1.0
05 -384 | 72 | 304 73 86 | -349 | 08 21 1.0 2.1 29 | -282
. 1.0 -406 | 713 | 306 71 87 | 384 | -12 2.0 1.0 28 28 | -303
15 -447 | 701 | 319 8.8 79 | -407 | -14 19 1.1 30 26 | -333
20 -479 | 692 | 323 9.2 68 | -463 | -17 1.8 1.3 31 23 | -369
%‘J o] &d Haeitt. A BRo, o Hshg2 vekstlet. A2th 73] o M

= TN Aol

[ = 7 X%l2EH?X]°ﬂHE fHel e
ol ol 33d Fastgth A2t TR A
e RlRS
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o= AR 2 Yol ekith U FoRE &7

A o] ZAHUL &
EE |2 3 2 ES X7 94
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. T-loop= ©| &3 A2dj72e AGA loopd
activationell & H3IE B 7] 93l distal end
g FHor ¥4 #4705, 10, 15 20mmytE
activationd}3l cinch@ 7% 7l7§=)°}2] FA point
o} A2 T2 9] 24 2] Yehte 33 2l
E, Aote] RAFE AZ3t Table 49 Table 5
A AABIA 3o WgE AMEE AR, A1k
T, A2AhTA B5dA f402 H3 & &

Ao N o, ATFANNE Aoz ol
Vel oy 1 A7) activation@e] F7tel whak
AR AaHE AEE BAh Xote] AA¥EIE
A2 Fx 9] ZA ol o] A FUletR 1,
ol & Ha it A27R| A2 ol F=
ABEH X#9 ol ZWHFLE UHNI,
O A7E 2T Lo XA EY T & F
X & HJHTable 4). Activation ¥2] 57} E}

2} Ao ZAFHL FUslHa, Aol eH
& At RHES AHEH A2AhTX 9 9
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Table 6. Forces, moments & displacements produced by T-loop with various tip-back bend

35 114 - 01 - 01 -0.3 06 01 0.6 - 01 -01
20 44 -56 6.8 0.1 01 - 02 -06 02 01 0.1 -0.2
25 105 | 57 91 - 01 - 05 -06 04 01 0.2 -0.2
! 30 124 | -84 | 194 - 0.1 -0.1 06 -09 06 01 0.1 -0.2
35 218 | -102 | 219 - 05 -0.7 11 -15 09 02 0.3 -0.3
20 163 | -102 | 188 01 03 -13 0.7 -13 04 04 0.2 -1.6
25 313 | -153 | 214 01 05 -1.7 11 -1.7 0.6 05 04 -1.8
° 30 | 446 | -204 | 248 0.2 08 -3.2 1.3 -2.8 08 0.8 04 -2.0
35 544 | -305 | 346 0.3 1.2 -39 21 -3.7 1.2 16 09 -2.1
20 427 | B9 | 243 6.2 37 | -389 | 21 2.1 0.7 44 15 | 212
25 514 | 1095 | 291 78 53 | 424 | 25 42 09 54 20 | 274
! 30 73 | 1603 | 3BT | 115 68 | 467 | 32 6.9 12 82 28 | -373
35 803 | 2034 | 427 | 128 59 | -475 | 38 9.8 1.7 86 30 | -428

X9 €33 F71 2AeS A g4, 9
A Bt A% B

4. Tip-back bend®) Z7)d] WE o] & B7| 95t
T-loop9] distal endell Z+z+ 20°, 25°, 30°, 35°¢]
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Fig. 6. Distal movement produced by various upri-
ghting springs

Fig. 7. Vertical movement produced by various
uprighting springs

Fig. 8. Distal tipping movement produced by
various uprighting springs
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Fig. 9. Mesial movement produced by T-loop with
activation.

Fig. 10. Vertical movement produced by T—'Ioop
with activation.

Fig. 11. Distal tipping movement produced by T-
loop with activation.
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- ABSTRACT -

THREE DIMENSIONAL FINITE ELEMENT ANALYSIS
FOR REACTION TO MOLAR UPRIGHTING SPRING

Yoo-Kyung Choe, Tae-Woo Kim, Cheong-Hoon Suhr

Department of Orthodontics, College of Dentistry, Seoul National University

The purpose of this study was to investigate the stress distribution and tooth displacement at the initial phase produced by
5 types of molar uprighting springs using finite element method. The three dimensional finite element model of lower dentition,
bone and springs was composed of 5803 elements and 2071 nodes.

The results were as follows:

1. In case of helical spring and root spring, intrusion of lower canine and first premolar were observed and distal tipping,
translation and extrusion of lower second molar were observed.
2. In case of T-loop, modified T-loop and box loop, intrusion and distal translation of lower second premolar were observed,
and the largest crown distal tipping and translation of lower second molar were observed in T-loop and the smallest were

observed in box loop.

- 3. In case of T-loop with cinch-back, crown distal tipping and translation of lower second molar were decreased, but extrusion

74

was also decreased.

4. With increase of activation in T-loop, mesial translation and crown distal tipping of lower second molar were increased and
edentulous space was closing, but distal translation of second premolar was also increased.
5. With increase of tip-back bend in T-loop, distal tipping and translation of lower second molar were increased, but extrusion

was also increased more largely.
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uprighting spring, finite element method, activation force, tip-back bend



