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Abstract

BACKGROUND: Clinical ligation of traditional brackets by stainless steel ligature wires has greater randomness among doctors, and previous
studies have mainly concerned on brackets and wires. There are less studies on the differential frictional force due to tight or loose ligation,
and moreover, how to define tight ligation or loose ligation is rarely reported.

OBJECTIVE: To compare the frictional force of different archwires in multiple brackets with various ligations.

METHODS: A plaster model with moderate crowded malocclusion was randomly selected, and copied by 3D digital scanning technologies
and Objet30 OrthoDesk3D printing technologies. Then, the models were bonded with Damon Clear brackets, Damon 3MX brackets, 3M
traditional MBT brackets and Habit monocrystal brackets. Frictional forces of different brackets on models combined with two types of low
frictional NiTi archwires which were 0.30 mm (0.012 inch) and 0.36 mm (0.014 inch) were measured by microcomputer servo dynamometer.
Traditional brackets were ligatured by tight ligation and loose ligation, respectively.

RESULTS AND CONCLUSION: (1) When low-friction NiTi archwires of 0.30 mm were used, significant differences in the frictional force were
found between different brackets with various ligations except for Damon Clear bracket versus 3M bracket with loose ligation as well as
Damon Clear bracket versus Damon 3MX bracket (P < 0.05). (2) When low-friction NiTi archwires of 0.36 mm were used, similarity in the
frictional force was found between 3M bracket with loose ligation, Damon Clear bracket and Damon 3MX bracket, while there were no
significant differences between 3M bracket with loose ligation and Damon 3MX, between 3M bracket with tight ligation and Habit bracket with
loose ligation, as well as between Damon Clear bracket and 3M bracket with loose ligation (P > 0.05). Comparing two kinds of archwires, the
friction force showed no statistical difference between Damon Clear bracket and 3M bracket with loose and tight ligation (P > 0.05), but a
statistical difference was found between Damon 3MX bracket and Habit bracket (P < 0.001), whatever two conventional brackets with tight
ligation or loose ligation. To conclude, conventional MBT bracket with loose ligation can reduce frictional force as similar as self-ligating
bracket in the alignment phase, and the reduction in the friction force is impacted by archwire size and bracket material.

Subject headings: Orthodontic Appliances; Tissue Engineering

Funding: the Science and Technology Project funded by the Health Department of Tianjin Binhai New District, No. 2013Bwky023; the
Science and Technology Research Fund of the Stomatological Hospital of Tianjin Medical University, No. 2014YKYQO02
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Figure 1 3D printing model
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Figure 3 Sliding friction force between low-friction NiTi archwires
of 0.30 mm (0.012 inch) and brackets
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Figure 5 Sliding friction force between low-friction NiTi archwires
of different sizes and brackets

F2 ([FATRERHREE NIT £ &48 5 -1 [ 0B shEE H

(xts, N)
Table 2 The sliding friction force between low-friction NiTi
archwires of different sizes and brackets

4153 0.012 JE~IREHE NiTi 22 0.014 JiJ{IREHE NiTi 4

1.667 0£0.957 9
2.191 0+0.792 9

1.419 0+0.166 3
0.671 9+0.382 1

Damon Clear 41
Damon 3MX 41

3M-E 44 6.372 0+2.131 0 6.318 0+1.860 0
3M-TAZ LA 1.912 0+0.998 8 2.079 0+1.608 0
Habit-% 454141 13.730 0+4.449 0 19.550 0+2.524 0

Habit—FA 454121 3.807 0+0.210 3 6.084 0+1.376 0
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Figure 2 Bonding brackets and ligation with NiTi wires
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Figure 4 Sliding friction force between low-friction NiTi archwires
of 0.36 mm (0.014 inch) and brackets
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Table 1 The maximum static friction force between low-friction
NiTi archwires of different sizes and brackets

0.014 J5~J I AEHE NiTi 22

1.767 0+0.056 5

215 0.012 HE~J{IKFEHE NiTi 22

Damon Clear 41
Damon 3MX 41
3M-E454L41
3M-FAZE LA
Habit-"% 45 L41
Habit-fA %5441

1.500 0+0.200 0
0.933 3+0.057 7
7.900 0+0.264 6
2.133 0+0.152 8
14.100 0+0.100 0
4.167 0+£0.057 7

2.270 0+0.052 9
6.553 0+0.200 3
2.317 0+0.1258
21.330 0+0.577 4
6.320 0+0.115 3

x4 FE—EEEARRRT NITi £ 5 £-E1E @8 HERE DRIt
Table 4 The sliding friction force between low-friction NiTi
archwires of different sizes and the same bracket

41

0.012 J~]{RJEHE NiTi ££25 0.014 55 tfH P14
MRS NITi 2230 3 R ) 22 {8

Damon Clear 41
Damon 3MX 4]
3M-E 45441
3M-fagi L4l
Habit-'5 25 #L41
Habit-#24 25 #L41

0.248 0
15190
-0.4140
0.167 0
5.8200
22770

0.713 >0.05
4.366 <0.001
1.190 >0.05
0.480 >0.05
16.730 <0.001
6.544 <0.001
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Table 3 Variance analysis of friction force of low-friction NiTi archwires of different sizes and brackets

415 0.012 e~f B HE NiTi £ 0.014 FE~f B HE NiTi £

ZEd tfE P ZAH tfE P {f
Damon Clear 4] vs Damon 3MX 41 -0.747 2.147 > 0.05 0.524 1.506 >0.05
Damon Clear 41 vs 3M-%4531.41 4.953 14.230 <0.001 4.651 13.370 <0.001
Damon Clear 4 vs 3M-FA453L41 0.493 1.417 >0.05 0.412 1.184 >0.05
Damon Clear 41 vs Habit-% 45441 12.310 35.380 <0.001 17.880 51.400 <0.001
Damon Clear 41 vs Habit-#A 45 .41 2.388 6.863 <0.001 4.417 12.690 <0.001
Damon 3MX £ vs 3M-% 454141 5.700 16.380 <0.001 4.127 11.860 <0.001
Damon 3MX £ vs 3M-FA 4 L4 1.240 3.564 <0.001 -0.112 0.322 >0.05
Damon 3MX 41 vs Habit-%45 .41 13.060 37.530 <0.001 17.360 49.900 <0.001
Damon 3MX 41 vs Habit-# 45 .41 3.135 9.011 <0.001 3.893 11.190 <0.001
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Habit-% 45314 vs Habit-fA 453141 -9.923 28.520 <0.001 -13.470 38.700 <0.001
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