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Effects of Moment-to-Force Ratio on Canine Translation by
Numerical Analysis

CAl Yonggqing
( Mechanical and Electrical Engineering College, Hainan University, Haikou 570100, China)

Abstract; Objective To study the influence of different moment-to-force ratios ( M/F) and forces on canine
displacement and periodontal ligament ( PDL) stress. Methods A three-dimensional (3D) mandibular model was
established based on CT images. The orthodontic force systems without a moment and with various M/F were
applied to the canine for numerical calculation of its translation. An optimum force system to realize canine transla-
tion was validated by analyzing translation displacement of the canine in each case. Results The PDL stress
increased with an increase in force magnitude in all cases. The PDL stress first decreased with an increase in the
M/ F before the M/ F reached the optimum value (M/F=10.1 mm), and then increased with an increase in the
M/ F. The initial displacement of the canine was inclined movement, which was most close to translation when the
precise optimum M/ F was applied. Conclusions The canine movement requires an appropriate force to prevent
root absorption, whereas the translation movement requires an optimal M/ F value which is within the physiological
range. Understanding the influence of force and moment on tooth translation can help to apply more reasonable
orthodontic force system and design more reasonable orthodontic device.
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Fig.1 Schematic of tooth translation (a) Applied
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force system, (b) Equivalent force system at

the center of resistance
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Fig.2 Finite element model of the mandible
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Tab.1 Material properties, element and node numbers for finite

element model of mandibular tissues

g PR E/MPa AL HOTHK 7 R
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s 13 700 0.30 51 502 80 282
7 R B 0.68 0.49 12 891 26 396

1.3 TEMBRAEHE

FHEETEIRHRZ 6 A H B EE R A3, B A Al
-SRI AR R R 2 ()% 8 g e AR, A
SCHRRA T RGERIA IR M/F RS 4 A B
FHIER, 1 MO RGEEA M, TR~
SNLUWLE3(a)], B2 M ARGH 1 N #F R
BRE(8~ 12 N-mm) ALK, R M/F[
KI3(b)], RIG, ¥ 1 ~7 N B9 1 53R By & A0
M/F MZ54 SRR T R

(OF W}

(a) TS15E
3 FWHERNRER

Fig.3 Two cases of the force system (a) Without a force

moment, (b) With a force moment
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Fig.4 Calculation results from Case 1 of the force system
(a) Displacement distribution of the canine, (b) Stress
distributions on the PDL, (¢) Variation of the maximum
canine displacement with force, (d) Variation of the

maximum PDL stress with force
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Fig.5 Distribution of canine displacement and PDL stress

in Case 2 of the force system (a) Canine displace-

ment, (b) PDL stress
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Fig.6 Variation of maximum canine displacement and maxi-
mum PDL stress with the M/F in Case 2 of the force
system (a) M/F=8~12 mm,(b) M/F=9.6~10.4 mm
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Fig.7 Variation of maximum canine displacement and maximum

PDL stress with orthodontic force when M/F =10.1 mm in

Case 2 of force system (a) Maximum displacement of the

canine, (b) Maximum stress of the PDL
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