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Changes in surface roughness of bracket and wire after experimental sliding - preliminary study using an atomic force microscopy
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Abstract
ObjectiveThe surface roughness of orthodontic materials is an essential factor that determines the coefficient of friction and the effectiveness of tooth movement. The aim of this study is to evaluate the surface roughness change of the brackets and wires after experimental sliding quantitatively.

MethodsBefore and after experimental sliding tests, the surface roughness of stainless steel brackets, ceramic brackets, stainless steel wires, and beta-titanium (TMA) wires were investigated and compared using atomic force microscopy (AFM).

ResultsAfter sliding tests, changes in the surface of the wire were greater than changes in the bracket slot surface. The surface roughness of the stainless steel bracket was not significantly increased after sliding test, whereas the roughness of ceramic brackets was decreased. Both the surface roughness of stainless steel and TMA wires were increased after sliding test. More changes were observed on the ceramic bracket than the stainless steel bracket.

ConclusionsAFM is a valuable research tool when analyzing the surface roughness of the brackets and wires quantitatively.
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[image: Figure F1 ]Figure 1

A, Atomic force microscopy used in this study (Nanostation II™ Surface Imaging Systems, Herzogenrath, Germany); B, Basic principle of atomic force microscopy (Beam deflection type).
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[image: Figure F2 ]Figure 2

A, Stainless steel bracket - Succes® (Tomy); B, Ceramic bracket - Perfect® (Hubit).
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[image: Figure F3 ]Figure 3

A, Grinding the brackets using high-speed hand-piece with chamfer bur white solid line indicate direction of grinding; B, Sliding test.
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[image: Figure F4 ]Figure 4

A, 3D topographic image of stainless steel bracket surface before sliding test (left). 2-dimensional line profile of scanned image (right); B, 3D topographic image of stainless steel bracket surface after sliding test by stainless steel wire (left). 2-dimensional line profile of scanned image (right); C, 3D topographic image of stainless steel bracket surface after sliding test by TMA wire (left). 2-dimensional line profile of scanned image (right).
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[image: Figure F5 ]Figure 5

A, 3D topographic image of ceramic bracket surface before sliding test (left). 2-dimensional line profile of scanned image (right); B, 3D topographic image of ceramic bracket surface after sliding test by stainless steel wire (left). 2-dimensional line profile of scanned image (right); C, 3D topographic image of ceramic bracket surface after sliding test by TMA wire (left). 2-dimensional line profile of scanned image (right).
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  Surface roughness change of the brackets before and after sliding test (*significantly different as p< 0.05 between groups).
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[image: Figure F7 ]Figure 7

A, 3D topographic image of stainless steel wire surface before sliding test (left). 2-dimensional line profile of scanned image (right); B, 3D topographic image of stainless steel wire surface after sliding test on stainless steel bracket (left). 2-dimensional line profile of scanned image (right); C, 3D topographic image of stainless steel wire surface after sliding test on ceramic bracket (left). 2-dimensional line profile of scanned image (right).
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[image: Figure F8 ]Figure 8

A, 3D topographic image of TMA wire surface before sliding test (left). 2-dimensional line profile of scanned image (right); B, 3D topographic image of TMA wire surface after sliding test on stainless steel bracket (left). 2-dimensional line profile of scanned image (right); C, 3D topographic image of TMA wire surface after sliding test on ceramic bracket (left). 2-dimensional line profile of scanned image (right).
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  Surface roughness change of the wires before and after sliding test (*significantly different as p< 0.05 between groups).
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[image: Table  ]Table 1


  Surface roughness (nm) of the brackets and wires before sliding test

SD, Standard deviation; *p< 0.05.
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[image: Table  ]Table 2


  Surface roughness (nm) of the brackets before and after sliding test

The different letters were significantly different at the level of p< 0.05. Three measurements of SS bracket and ceramic bracket were analyzed separately using ANOVA.
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[image: Table  ]Table 3


  Surface roughness (nm) of the wires before and after sliding test

The different letters were significantly different at the level of p< 0.05. Three measurements of SS wire and TMA wire were analyzed separately using ANOVA.
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