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Study on bonding strength of nitrogen-doped TiO,-N, films to orthodontic brackets

WANG Pu', CAO Bao-cheng'* , WANG Jing', CAO Shuai', GAO Jing', WANG Yu-hua’
1. Department of Orthodontics, School of Stomatology, Lanzhou University, Lanzhou 730000, Gansu, China
2. Institute of Functional and Environmental Materials, School of Physical Science and Technology, Lanzhou University,

Lanzhou 730000, Gansu, China

[Abstract] Objective To evaluate the effect of preparation process on the bonding strength of the nitrogen-doped
TiO;— N, films on brackets. Methods Radio frequency magnetron sputtering was used to prepare nitrogen-doped TiO,_, N,
films on the surface of stainless steel brackets. Post annealing was performed on TiO,_, N, films at 450°C in nitrogen
atmosphere for 2 h. The structures and surface morphologies of 3 types brackets, ordinary stainless steel brackets, nitrogen-
doped TiO,— (N, films on brackets before annealing and the brackets after annealing, were evaluated by X-ray diffraction. The
base plate of brackets was observed by scanning electron microscopy (SEM). The three types of brackets were also divided into
2 groups according to storing methods: distilled water at room temperature and thermal cycling. Sixty extracted human
premolars (due to orthodontic demand) were bonded with 6 kinds of brackets using Jing-Jin enamel adhesive (n=10). All
bonded specimens were tested on electronic universal testing machine to determine the bond strength. The data were analyzed by
SPSS 17. 0 software and the results were analyzed by one-way ANOVA. Results The TiO,_,N, thin films on brackets were in
anatase phase, with the grain size being 30 nm. The base plates of 3 brackets were clear and well-organized, with no obvious
differences. One-way ANOVA test showed that the bond strength of the brackets was significantly decreased after thermal
cycling (P<C0.01), and there were no significant differences among the 3 groups with the same storing methods (P>>0. 05).
Conclusion The bonding strength of the nitrogen-doped TiO,_, N, films on brackets is not influenced by the preparation

process, and can meet the demand of clinical orthodontic application.
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Fig 1 Experimental equipment for shear bond strength

A: Electronic universal testing machine; B: Fix the test specimen on
testing machine and exert a force parallel to the tooth surface in an in-

ciso-apical direction
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Fig 2 Nitrogen-doped TiO,—N, films

on brackets before(A) and after(B) annealing
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Fig 3 X-ray diffraction analysis
of the bracket surface in three groups
a: Ordinary stainless steel brackets; b: The nitrogen-doped
TiO;— <N films on brackets before annealing. There is no diffraction
peak in the titanium crystal characteristic peak area; c: The nitrogen-

doped TiO;— Ny films on brackets after annealing, showing highly

anatase phase (101°) preferred orientation
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Fig 4 Scanning electron microscopy images of base plate of brackets in three groups

A: Ordinary stainless steel brackets; B: The nitrogen-doped TiO; (N, films on brackets before annealing; C: The nitrogen-doped TiO;—, Ny

films on brackets after annealing. Original magnification: X 50
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Fig 5 Shear bond strength of brackets in 6 groups
A: Ordinary stainless steel brackets; B: The nitrogen-doped
TiO;—xNy films on brackets before annealing; C: The nitrogen-
doped TiO,- Ny films on brackets after annealing. ** P<Z0. 01 vs

distilled water at room temperature. n=10, Tts
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