The Japanese Society for Dental Materials and Devices (JSDVD)

] E HApFL B T2 4588 Vol. 32 No. 1 59-66 (2013)

BIEHF Y VBT TFUVAERFEFNRATS) Y TIZBITA
H T A oxh5H
— A REFREIC X LB —

oAy Moo~ B 2K 8 OH A

L

Effect of bending angles in orthodontic retraction springs made
from a titanium molybdenum alloy wire
— A finite element analysis —
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The purpose of this study was to evaluate orthodontic springs used for retracting a canine. The spring was
made from a titanium molybdenum alloy (TMA) wire, and had a vertical loop into which a gable bend, an anti-
rotation bend, and a tip-back bend were incorporated.

Long-term orthodontic movement of the canine and anchor teeth were simulated by the finite element
method. As a result, the canine initially tipped and rotated, but subsequently began uprighting. When amounts of
the gable bend and anti-rotation bend were appropriate, the canine moved bodily after a long time had elapsed.
The tip-back bend prevented inclination of the anchor teeth. An optimal combination of three bends was deter-
mined for achieving canine bodily movement without anchor teeth tip. Using the TMA wire with a low Young’s
modulus, space closure by about 2 mm in length was achieved.
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unit: mm

0.017X0.025 inch TMA wire
(Young's modulus: E=69 GPa)

Fig.1 Three-dimensional finite element model for
retraction spring.
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unit: mm
Fig. 2 Activation of retracting spring.
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Table 1 Mechanical characteristics of springs at activation

GB ARB TBB L Activation: o F M,/F M,/F o,

deg(’) deg(°) deg(’) mm mm N MPa
300 380 0 645 2.83 20 731 114 872
150 155 0 534 3.21 20 736 0.98 820
0 0 0 424 3.19 20 526 045 712
30.0 43.0 10.0 6.45 2.77 20 7.09 138 860
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Fig.3 Tooth movements produced by retraction spring
with gable bend (GB=30.0°), anti-rotation bend
(ARB=138.0°), and tip-back bend (TBB=0) :

A. CN=360, B. CN=900, C. CN=1800.
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Fig.4 Variation of translation #, tipping angle o, and
rotation angle S of canine with CN (GB=30.0°,
ARB=38.0°, TBB=0)
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Fig.5 Variation of force F and moment-to-force ratios
M,/F, M,/F acting on canine with CN (GB=
30.0°, ARB=38.0°, TBB=0)
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A GB=15.0°, ARB=15.5°, CN=1800

0.04

2.6 0.8
B  GB=ARB=0, CN=1800

unit: mm
Fig. 6 Tooth movements produced by retraction spring
at CN=1800:
A. with small bends (GB=15.0°, ARB=15.5°, TBB=0)
B. without all bends (GB=ARB=TBB=0).
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GB=30.0°, ARB=43.0°, TBB=10.0°, CN=900
unit: mm
Fig.7 Tooth movement produced by retraction spring

with an appropriate combination of three bends
(GB=30.0°, ARB=43.0°, TBB=10.0°").
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XWATY ¥ ¥ T09/1.7=053 (Fig.6A) THh o 7-.
—%, RMLBEEROEMEBMMBEDLIZ, 279 mm®/
672mm’=042 Th ), BEROLLERETH > .

FA TNy s Ry FOMFEIL, Fig.3B & Fig. 712
BWC, MHOBEER*EBEITNELI h2b. T4

TRy 2Ry ¥efts L2e, KEWE/DEEEE
BE L. FhUEST, BEEEORLBER R
L, REOELBEHRLR2WML. ZORKR, DR
TV TEBITBETFA v TNy IRV FOKRES (TBB
=10.0°) B THLZ EWbholz. T4 v TNy
IRV FRINREYKEL LSS, REWIR, HE)
HOIBHTL L) ICHEPT 5. 61, REDETE
bAREL A SADYI2L—YavilioT,
F 49 TNy IRy FONFENGRE BEANIRTZ L
BTEL. B, T4 v TN IRV FEAFGETDE,
REEFEABE XA DDOT yFO—F—T 3 IRV
FOKREEHERLE Thbh, RERHITAEOH
AEDLENEIL L. 3 ODHIFA GB=30.0°, ARB=
43.0°, TBB=10.0°0;4, BEEHE %R L 2 WRET,
REEZERAEBETE . XY~ T ARV FEILIIKREL
GB=45.0°% L7-3&1C, WEBENTE b oD
T, ZOHITFOMABEHLEDNRBIGENEHERTE /2.
FhonAEREEL LTHITOKE 2 2RE TR,
WAEARE S L2 TR, ERRBELEEE
HEXEHZILHTEL.

HF M5 LA 7Y v 7 Tid, 1 EOERET, 2.2
HHVIE 2.6 mm ZHEAHET A LA TERE. TDLH
2, HERKE R 2R TE 0, AT Y
FOMELELT, Y 7EZEPECTMA ZHWA2OHT
Hot:. BENFIZINE, YV ISRORRLEFRTS
VIR UKE SOEFINEMRA S, HHEIERIR
AT DYy FRIIEEETS, Lo T, A7
VY IOMBR AT Y VABICEZ GG, YR
TMA O# 352 % 50T, HEALREOET N ZF LI
LBa, ZHRHAHE N I/B BRI T L. &5,
TMAD X 5 Y v ZEHPBEHBZHAVL2D I,
TAX—DH A X2BLERBIETDH, MURHEELE
FTrILPTES.

SEOFHE T, WICERNT 2EFINZ2ZNIILT,
wWOB#BHEYIL—Yaryli LaL, TOHDOK
XEPRETHEIPEIDIE, AHTHL., Zhid, &
KEICBWT, RERBENVIEZGhoTwR0hs
Thbd. b, FBNHEEZTHOBEHZ I 2L —
YavLBaeTh, SEHOBALFALLIIILT, 7
VY OMTAEOREBEROLIENTES.

2. ¥3alb—Yarh&E

IOk, ERElIChb-2EOBBE I I 2L —
Yavl, FRICEDVWTEFIRTY v 7 OHEEE% il
L7, MOBEHREZBRRLZET, HIFOMREEHE
IR S EATER. —F, ThEITOMETE, 1§
HALEODRICESHTEHOBE ZFHLT, A7I ¥
FOWEENTFMENTER. LrL, SROFKERI LT
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B EHZ, TTREIKOBEIE> TRE LT 5.
ZD720, HHILREON RS HEORKRN = BEIRESL
THTEILEELY. hds, SE0L % 32l
—a VPR ETHILIBRAROEHATH 5.

2L, AEOYI AL —Ya YIZIEWAVARIRE
PHOOLNTBY, ZNOXRYIEOHBTOA, ¥
Fal—YarOERIELY. HORREDOR LML
B THRET L7228, 2SR IEINTH RN,
Gk, YIal—varORFBREORORE L
BLC,YIalb—varyOolkEelEEs 208255 5.
WOBENL, BHALOMEICEETS. LT,
TAFLOMEIL, RIROKE ERHIR, SEHEOMMER
BICEXoTEALT 5. F72, WIEHTAHRY, 75
o PEOERE, V-TOEREIRERAT) Y TOF
RICEoTENRT S, LdoT, SR L-E:#E7
TAEOHMAEGDLEIL, DL LRBEIZTHLHRATE
LEMETIZAR L, Fig. 1OBRD AT v 7 % iR
DEINERE LB AT =200kl TH S, E
BOBEBRICB O TRERMITAEZ EMICRD 57
DI, BAHNOROEFNVEEBIZAVEATY V7D
EFVERHWTHOBEZ S I 2l —Y 3 o3 A0
HB. ThiL, SHOBETHHEEDHIZ, TOHFED
¥R EETH D,

B

FEB|Z T YT OBEEITONT, HOBEIRES HR
BREICLoTYIal—varl, 2oMiex f12E0
WCEHli T A Z EATEL. F—T ARV FET v FUO—
TvayRYFE, RELEABE X EL20IC0HT
Holz. T4 TNy IRV FIZXoT, EEBEOHES
EHCIENTE . 3Oo0MITRRBEICHAS DY
B, BEEmAMEM L2 WIREET, Kz AR E T
BT EuRRL. BBERMITAEL SEBRE LR
DAT) v 7% EERFE L-RBOERICEET 2HAIC
X, GB=30.0°, ARB=43.0°, TBB=10.0° Th»7>. X
biZ, ATV Y TOMEL LT, ¥ rEofv TMA
FHWRILET, 225503 26mm ZREHTE S
ZEERRLI.
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