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Transient dynamic analysis and optimization of a new customized

lingual self-locking appliance during occluding

XIA Qin-xiang', CHANG Chen-yang', CAI Bin*, ZHAI Jing-mei' (1. School of Mechanical and
Automotive Engineering, South China University of Technology, Guangzhou 510640, China; 2. Guangdong
Provincial Key Laboratory of Oral Medicine, Guanghua School of Stomatology, Hospital of Stomatology, Sun
Yat-sen University, Guangzhou 510055, China)

Abstract; Objective To study the characteristics of stress distributions on a customized lingual self-locking or-
thodontic appliance under transient occlusal force and optimize its structure. Methods A whole 3D model inclu-
ding denture, appliances and wire was established by CT scanning, reverse engineering method and CAD tech-
nology; transient nonlinear dynamic analysis on this model during occluding and its structural optimization were
conducted, and the optimized lingual appliance was made based on rapid prototyping technology to verify reliabili-
ty of the finite element model. Results The equivalent stress on the bracket bottom was larger than that on other
parts of the bracket; the maximum equivalent stress on the bracket cover was decreased by 60.9% after installing
a reinforcing rib on it, which could effectively prevent stress concentration caused by the contact between the arch
wire and bracket cover. The simulation results fundamentally agreed with the loading experiment on the bracket
cover. Conclusions For lingual orthodontic treatment in clinic, the relative position between interaction points of
the occlusal force and brackets should be concerned so as to avoid impairing the self-locking function; through
optimizing the appliance design, the elastic potential energy of arch wire can be transferred more effectively to the
teeth and reduce losses of the orthodontic force.
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Fig.1 Structure of the new lingual self-locking appliance
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Fig.2 3D model including denture, appliances and wire
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Fe AWML /N | PSS ANFN /N
7 S22 B 418 1 rhig) o 114
6 s 423 2 KR 114
5 552 WRF 308 3 R 175
4 851 WRT 246 4 BRRS 248
3 GF 176 5 552 WRF 308
2 L = 116 6 %1 B 412
1 )z 113 7 o2 BB 422

DX T AP EAF WL R AR R 2, T P 5145
AR5 10 A R 2R T A 7 1 X A2
FIERE HEAT LT, A5 T 2 B 8 oF 14 76 L T At
NI AR ST V-2 5 = RO pew) B N i/ RS e
MO s FFlRizgl, I RRAE 0.2 s 24 kiz 3, A 3h
SE A I e, SRR s Bl A E S R SR
FNA Vi — iz Sl A — B

2 #R

2.1 HEEEERLNSHNE

e RIEA TIVERTE L S LA AR 19 45 3500 )
SN 3 TR o FERE AR P AR 09 i R SRR 1
662.91 MPa(/NT-#4 B IR 35 B 983.5 MPa) , fii T
BN S B FEARE I AR AL 5 TR B A A 2 15 FEAE IS
MAh 32 B 0 S RN 73BT FEAs A b HAth A 1Y
N X R TAERS G W B T S & 1 B
AR T HEAE AR AL

N T BE— S AT AR S b FE R A 4555 77 B
Fsf 1] P8 AR A 400 36 TR M B0 e R S5 R0 g ) A7 B

0.0057681 \‘

N
Time:
662.91 Max 3
64.472 -
6.2703
0.60982 :
0.059308 3

Sifgaas. TR AF RN A7 4t :
;3::;::311"" \‘. v
1 )
)
Yeég®e
w
0.00 20.00 (mm) v

pY

B3 #HARERLNNHEE

Fig.3 Equivalent stress distributions on the bracket



EREMNE $£28% F6H 20135128
662 Journal of Medical Biomechanics, Vol. 28 No. 6, Dec. 2013

A JeSEER A B AR R A B S A AL B S R I 5T X
G AR IR ZR N 4 B o F5 K S R0 77 it 4k 2
AR IIE Z AL R A IMPERTR i
AL B g N 7 4y A RN, Ho RN
1.608 6 MPa, MU A3 S1 3 FAN 2 X % FCAE 1 F A0k B
T RS I 5 (NG A X FEAB RS M 25 7 A e KA R
662.91 MPafifEF 1, 25 I HLIEEVER T B A, %
XHFFIA A H B RE 1 L B . R UL, I R AR
IR I I R N G EEG AE FH s R TR 2 A AR X
PR BRI ELEEE ] TR IR 2 SE B A i
Ak, DA ZE KGR IR A (4 i

600

[~ w2 = n

(= (= (=3 (=3

= = (= =
T T T T

Equivalent stress/MPa

—

(=

=
T

t/s

4 AMRFREEERE AT HL
Fig.4 Equivalent stress distributions on right canine bracket of the

maxillary dentition

2.2 RESEHMNHHAE
N SE DAL (TS R VAIUEL L = NS e

RS 3 A NEL S Fis o BB e R EE800 1 A
23.653 MPa, [FJFEA; TA MR 4 , A A ab 4
35 1 B K S RN 1 7 13 MPa A2 A7 (R 47 3 3 [
I, FEFEAE 36 5 5 22 AR il Ak i 52 20 5 22 (94
PEEBORMN e, i 5 22 5 TG A
(SRS RE I 20 AR TR R AL, TR IR 2 i
A RE T 2 PR, 300 B 0 HE A 5 5 5 22 4l Ak
PATOAL , W 75 22 VRSB AL 1 1 Z400FE

Unit:MPa
Time:0.12733 U (R ﬂ‘
23.653 max g
21.026
18.399 3
15.772
13.145
10,517 3
7.8902
5.2631

2.6359
0.0087809 min

€

BT T

X
* AW
vt

0.000 10.000 mm
_—
5.000

BS5 BNFUREEZRRERNNIHRE

Fig.5 Distributions of equivalent stress on bracket covers
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Fig.6 2D model of the bracket cover (a) Before optimization, (b) After optimization
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Fig.7 Equivalent stress distributions on bracket covers before and

after optimization
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Fig.8 Picture of the new lingual self-locking appliance
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Fig.9 Picture of the experimental apparatus
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