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Three-dimensional finite element analysis on torque performance of
lingual brackets with slot in different directions
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Orthodontics, School of Stomatology, Southwest Medical University, Luzhou 646000, China; 2. Department of
Orthodontics, Huaxi Hospital of Stomatology, Sichuan University, Chengdu 610065, China)

Abstract; Objective Objective To analyze the torque performance of lingual brackets with slots in different direc-
tions and the influence pattern of arch wires with different sizes and materials on torque of these lingual brackets.
Methods The finite element models of the anterior maxilla lingual brackets with vertical and horizontal slot were
constructed, using 3 kinds of materials ( stainless steel, beta-titanium, nickel-titanium) and two sizes of arch
wires (0.43 mm x0.56 mm, 0.41 mm x0.56 mm) , so as to compare and analyze their mechanical properties af-
ter the application of torque load on the left upper central incisors with a rotation angle of £20°. Results With the
increase in elastic modulus of the arch wire, torque moments of lingual brackets with horizontal and vertical slot
both increased gradually. Torque performance of lingual brackets was affected more by the sizes and materials of
arch wires than the directions of slots. The lingual bracket with vertical slot produced 1-2 times of torque force
than that with horizontal slot under the same degree of torque angle. The effect of arch wire sizes was smaller
than that of arch wire materials, while the synergistic change in sizes and materials of arch wires had the largest
influence on torque performance of lingual brackets. Conclusions The torque performance of lingual bracket will
be influenced with its different slot directions, the sizes and materials of arch wires. In clinical application, slot di-
rections of lingual brackets as well as sizes and materials of arch wires should be adjusted properly according to
the required torque force.
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Fig.1 Experimental models (a) 3D finite element model for two

types of lingual brackets, (b) Lingual brackets with horizontal

slot, (¢) Lingual brackets with vertical slot
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Tab.1 Grouping of experimental models

BT 44 i 522 R/ (mm x mm) SE22
41SS-VS 0.41 x0.56 SS
41SS-HS 0.41 x0.56 SS
41TMA-VS 0.41 x0.56 TMA
41TMA-HS 0.41 x0.56 TMA
41NiTi-VS 0.41 x0.56 NiTi
41NiTi-HS 0.41 x0.56 NiTi
43SS-VS 0.43 x0.56 SS
43S5S-HS 0.43 x0.56 SS
43TMA-VS 0.43 x0.56 TMA
43TMA-HS 0.43 x0.56 TMA
43NiTi-VS 0.43 x0.56 NiTi
43NiTi-HS 0.43 x0.56 NiTi
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Fig.2 Displacement contours of the left upper incisor brackets

before and after application of 20° torque load on the model
(a) Model of lingual brackets with horizontal slot, (b) Model of

lingual brackets with vertical slot
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Fig.3 Comparison of the maximum torque moment for two kinds
of lingual brackets with arch wires of different sizes
(a) 0.43 mm x0.56 mm, (b) 0.4Imm x0.56 mm

2.1.2 F2HREE Y52 RSPHIE A EAS [F
B, [R5 40 MR, B 55 22 b8 0 M 5T 0 11 34
K, PR O FE A ) e ) R 1 v K LA
TrFEHE 3 FPbA T 0. 41 mm x0.56 mm R5f 5 22 5%
B E KE ), SS 22 > TMA #2 > NiTi 2%, 3k
i 2 S R, DV 2 P i ) S LA B A R s
e EL VA T MFCAE TP AR B 2.5 ~ 7. 0 £%, T K
PAEE A Th AL AR BN 2 ~ 5 4%, IR TS
22 RS B0 R (R G 1 S AR B A (LR 3)

2.1.3 F2RIBMBEHEET M52 LM
¥ e A AR AR K 2 B RE 3 Rkt it 5 22 (G A
JIME R REA L, ¥ 0. 43 mm x 0. 56 mm/
0.41 mm x0.56 mm R~f, AT LR B, AR5 22 [ %



B K, % AEEGAEEMNEERERFEE=4FRTHHN
HUANG Yue, et al. Three-dimensional finite element analysis on torque performance of
lingual brackets with slot in different directions 57

2 B T R VA T U FEAS e 55 T R e KA ek s hy3 ~ 8
5 KV 1 T B e T e e KA s 12,5 ~
5.54% , fm TAN 5 22 R s AN 5 224 T el A8 ok 19 4
BB (ILE3) .

2.2 EHFEKNT, AWHENEEEEEEET

AT

221 WAFAKE,FLRERET Y5 24HE
FRSTANAS B, R o 5 A0 6 R 5z 5 ) 4 B o 5 A
JE RS R AR ] o B 3G 6 0 A BE 1S K, 6 50
I AH R 3G R (H P 5 R YRR A AN R, T2 A A
T FC AR 3 IR R T KPR TR D
0.41 mm x0.56 mmR.~} 3 Flibf i 5 225650 156/ %5
AR R T 2R 18], 0 TR V) T O R 2 T R K
PAEVE T FERE R 1 ~2 f5 (LK 4) .

120
—— 41SS-HS
100k~~~ 41SS-VS
- — 41TMA-HS
E gol =~ ~41TMA-VS
- —— 4INiTi-HS
< 41INiTi-VS e
& 601 e
_R ’//
&40
w
20 B

0 2 4 6 8 10 12 14 16 18 20
HAEAE/ ()
B4 FHAEMEEO0.41 mm x0.56 mm R~ 5 2545 F14E-558
AEmMmE

Fig.4 Torquemoment-torque angle curves for two kinds of lingual

brackets with 0.41 mm x0.56 mm arch wires
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