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Influence from deformation history of NiTi shape-memory-alloy
arch-wires on orthodontic force

WEI Zhi-gang, @ WANG Min ( School of Mechanical Engineering, Anhui University of Technology,
Maanshan 243002, Anhui, China)

Abstract. Objective To evaluate the influence from deformation history of arch-wires on its orthodontic force.
Methods A finite element model including brackets and arch-wires in free status was built, and the position of
brackets under clinical condition was obtained through laser scanning on the plaster dental model. Based on the
finite element method, the brackets were moved to the clinical position through two different movement pathways,
using a thermal-mechanical shape-memory-alloy model of arch-wires. The orthodontic force obtained from the
two pathways were then compared and analyzed. Results The relative differences in the orthodontic force ob-
tained from the two pathways were significant, with a range from 0.3 to 8.0. The influence of deformation path-
way on the orthodontic force was reduced if the arch-wire was first overloaded and then unloaded to the clinical
condition, but reduction of the orthodontic force varied at different positions of arch-wires, and the relative differ-
ences might increase at certain positions. Conclusions The deformation history of arch-wires has some direct
relation with the orthodontic force produced on the NiTi shape-memory-alloy, and the evaluation on the orthodon-
tic force should trace its deformation history.
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Fig.1 Finite element model of the archwire
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Fig.2 Determination for the clinical position of brackets
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Fig.3 Schematic of the loading modes
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(a) Move the brackets
simultaneously, (b)Move the brackets one by one
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Tab.1 Parameters of the thermal-mechanical shape memory alloy model
Bk i/ GPa AHAS IR S/ °C HAAE S/ MPa/C AR AR JE IR S/ MPa THIA
Ey =2 630 M°=18.4, M) =9 C, =8 &1, =0.067 &, =100 0.3
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Tab.2 Orthodontic force system obtained from two moving methods
[ 3% S CAE BIRK ) FTHE
T F./ F./ F,/ M./ M,/ M,/ F./ F./ F,/ M./ M,/ M,/
N N N  (N-mm)(N+-mm)(N-mm) N N N  (N-mm)(N-mm) (N-mm)
6 0.06 0.10 -0.12 -1.08 1.43 -0.47 -0.03 0.06 -0.03 -0.80 0.77 -0.39
4 -3.46 -1.00 0.96 1.48 -8.37 0.11 -0.88 -0.70 -1.41 1.75 -6.06 0.46
3 -12.43 1.81 5.94 1.48 -29.00 1.86 0.02 0.59 1.44 3.09 -10.75 2.65
2 0.06 0.04 -3.89 0.29 1.25 1.76 0.16 0.28 0.45 -0.10 0.27 -0.41
1 3.61 -0.13 -0.32 1.77 31.65 -5.13 -4.01 0.56 0.80 0.32 7.24 -3.63
-1 3.72 -1.68 -11.88 -1.37 -11.39 3.91 1.61 -1.04 -5.06 -0.69 -4.35 0.60
-2 1.03 -0.86 4.76 -1.14 -5.05 2.35 -0.84 -0.58 1.47 -0.34 -0.68 1.19
-3 4.55 1.84 -1.08 0.05 16.23 -1.69 2.32 0.69 -3.02 -2.02 7.35 -0.40
-4 1.69 -0.20 7.85 1.48 6.40 0.02 1.98 -1.54 5.37 -5.61 0.56 1.36
-5 0.73 -0.13 -0.11 1.27 -0.95 0.24 1.96 1.53 -0.46 -6.72 -7.99 -0.01
-6 -0.82 0.14 -2.19 0.76 -5.00 -0.74 -3.75 1.55 0.94 -1.37 -8.99 -1.29
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Fig.4 Equivalent stress- equivalent strain curves obtained through moving all brackets simultaneously (a) and through moving all brackets

one by one (b)
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Tab.3 Relative differences of the orthodontic force systems obtained from the moving methods

TCHVERAN R B AR AR X 22 S 1) A [ AR 24 H

T F./ F/ F,/ M./ M,/ M,/ F./ F/ F,/ M./ M,/ M,/
N N N  (N:mm) (N:mm) (N mm) N N N  (N-mm) (N-mm) (N-mm)

6 -1.46  -0.34 -0.77 -0.26 -0.46 -0.15 -0.65 -0.26 -1.73 -0.25 -0.32 -0.19

4 -0.75 -0.30 -2.46  0.18 -0.28  3.40 -0.39  -0.19  0.18 -0.04 -0.24 1.55
3 -1.00 -0.68 -0.76  1.08 -0.63  0.42 2.73 1.53 -0.65 -0.08 -0.22 -0.28
2 1.44 5.39 -1.12  -1.35 -0.78 -1.23  3.75 -0.10  0.45 -1.16  -0.95 -1.31

1 -2.11 -5.12 -3.53 -0.82 -0.77 -0.29  0.59 3.93 -0.11  -0.80 -0.75 0.61
-1 -0.57 -0.38 -0.57 -0.50 -0.62 -0.8 -0.31 1.06 -0.24 -11.74  0.68 -0.96

-2 -1.82  -0.33 -0.69 -0.70 -0.87 -0.49 -0.11 -0.12  0.17 0.60 -0.74 0.30
-3 -0.49  -0.62 1.80 -43.12 -0.55 -0.76 -0.36 -0.48 -2.19  6.64 -0.44 -0.85
-4 0.17 6. 64 -0.32 -4.80 -0.91 78.75 147.95 -8.19 61.55  -5.03 -0.99 -12.34
-5 1.69 -13.16 3.26 -6.29  7.39 -1.03 -0.43 -6.62 -1.74 -6.31 11.55 -0.13

-6 3.59 10.47  -1.43  -2.80  0.80 0.74 0.31 -2.01  -1.39  -0.90 -0.02 0.08
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