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Modeling and Experimental Study of Friction Force between
Orthodontic Archwire and Bracket

JIANG Jingang', WU Dianhao', WANG Lei', ZHANG Yongde', LIU Yi’, YAO Liang'

(1. Key Laboratory of Advanced Manufacturing and Intelligent Technology, Ministry of Education, Harbin
University of Science and Technology, Heilongjiang Harbin 150080, China
2. School of Stomatology, Peking University , Beijing 100081, China)
Abstract: In the process of orthodontic treatment, the relative sliding trend between the archwire and bracket produces
friction force, which reduces the effective force and affects the performance and efficiency of the treatment. The current
orthodontic friction force prediction method fails to comprehensively consider the geometrical relationship, mechanical
relationship and physical parameters between the archwire and the bracket, which is difficult to provide accurate and
reliable prediction for doctors. This paper aims to provide a high-precision quantitative prediction method, and
investigate the main factors affecting the orthodontic friction and its changing principle. In view of the mechanical
factors affecting orthodontic friction, the orthodontic friction is divided into three contact components according to the
relative contact between the archwire and the bracket. A modeling method of orthodontic friction force prediction taking
into account the contact angle was proposed based on principle of component force superposition. Taking the three
adjacent brackets as an example, the geometrical relationship, mechanical relationship and physical parameters between
the archwire and the bracket were analyzed. Firstly, the contact angle was calculated. Secondly, the constraint force was

modeled based on the beam deformation theory, the classical friction was modeled based on the first friction theory, and
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the notching resistance was modeled based on the mechanical relationship. Finally, the orthodontic friction force in the
two contact cases was obtained, which were bilateral contact and unilateral contact between the archwire and the bracket
groove. In the experiment, the finite sliding method was used to measure the orthodontic friction force, and an
orthodontic simulation dentition with three brackets was designed. A six-dimensional force sensor-based orthodontic
friction force measurement system was built to measure friction force at a constant ligature pressure, constant sliding
speed and within a limited sliding stroke of 3 mm. The friction prediction models for the two contact cases were
validated by friction measurements with different archwire-bracket combinations and four sets of contact angles (0°, 3°,
6°, and 9°), respectively. The deviation rate between the experimental data and the theoretical data of the prediction
model was in the range of 0.55%~9.65%. In the case of bilateral contact, orthodontic friction was negatively correlated
with the width of bracket groove, and positively correlated with the cross-sectional size of archwire. The width of
bracket groove affected the friction to a greater extent than the cross-sectional size of archwire. In addition, orthodontic
friction was more sensitive to changes in cross-sectional size for round archwire and to changes in bracket groove width
for rectangular archwire. With constant archwire-bracket parameters, orthodontic friction was positively correlated with
contact angle, and as contact angle increased, friction increased more rapidly with the stainless steel round archwire than
with the stainless steel rectangular archwire. When combined with the same bracket, the friction generated by a round
archwire with small cross-sectional area reached or even exceeded that of a rectangular archwire with a larger cross-
sectional area under the condition of bracket restraint. The friction between the domestic stainless steel round archwire
and the bracket was higher than the friction between the Australian round archwire and the bracket under the same
conditions. The prediction model can provide a theoretical basis for the physician to clarify the relationship between
orthodontic appliance parameters-friction force-orthodontic force. In the future, the model can be used to establish an
orthodontic friction prediction system to accurately predict individualized orthodontic tribological behavior by means of
theoretical calculations and simulations, thus aiding digital orthodontic treatment and achieving light orthodontic
treatment. Biological factors will be further taken into account in the prediction model to simulate the real environment

in the mouth as much as possible.
Key words: orthodontic treatment; orthodontic friction force; predictive model; orthodontic archwire; bracket; contact
angle
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Table 1 Experimental values, theoretical values and deviation rate of orthodontic friction at different contact angles

Orthodontic friction and deviation rate

Contact angle/(°)

I II il IV \4 VI VI VI IX X
Exp/N 0.354 0.422 0.497 0.272 0.298 0.356 0.476 0.279 0.345 0.408
0 Theo/N 0.386 0.438 0.467 0.257 0.303 0.372 0.452 0.283 0.328 0.413
Dev/% 8.273 3.638 6.408 5.767 1.799 4.226 5.247 1.349 5.064 1.191
Exp/N 0.569 0.645 0.742 0.301 0.412 0.502 0.537 0.346 0.419 0.483
3 Theo/N 0.573 0.658 0.729 0.322 0.398 0.472 0.529 0.338 0.399 0.467
Dev/% 0.742 1.926 1.757 6.535 3.495 6.307 1.523 2.270 4.995 3.455
Exp/N 0.657 0.748 0.866 0.442 0.567 0.799 1.117 0.477 0.652 0.784
6 Theo/N 0.627 0.731 0.813 0.416 0.573 0.802 1.109 0.439 0.595 0.820
Dev/% 4.784 2.300 6.519 6.376 1.055 0.338 0.708 8.712 9.645 4363
Exp/N 0.883 0.946 1.033 0.502 0.668 0.971 1.359 0.486 0.697 0.975
9 Theo/N 0.816 0.989 1.023 0.462 0.653 0.904 1.265 0.495 0.684 0.929
Dev/% 8.251 4.376 0.994 8.550 2.297 7.457 7.445 1.766 1.920 4.982

Exp: experimental orthodontic friction; Theo: theoretical orthodontic friction; Dev: deviation rate
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