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Introduction: Nickel-titaniurn shape memory alloys (NiTi) have hvo distincti\,e 
properties, super-elasticiy and shapc memory, that most other current medical metallic 
materials do not possess. These 'smart' materials are potentially very useful in 
orthopedics and dental surgery. Release of toxic nickel particulate debris, however, 
remains a mzjor concern in particular to spinal implant where fretting is always 
erpeeted at the implant junction. \Ve havc therefore developed a plasma-based method 
to alter the surfacc chemistry of thc materials in order to reduce nickel release. By 
using plasma immersion ion implantation (Pill), the surface properties of NiTi can be 
improved. This paper describes the corrosion resistance, surface mechanical properties, 
cytocompatibility, and ;ti-vivo performance of PlII treated and untreated NiTi samples. 
Rlethodology: NiTi discs containing 50.8% Ni were tl-eated by nitrogen PI11 at 40kV 
and 200Hz. The elemental depth profiles, surface chemistry, airface hardness and 
corrosion resistance were detelmined and compared to those of untreated NiTi. The 
amoilnt of Ni released iuto sim~llated body fluids after the accelerated corrosion tests 
were determined by inductively coupled plasma mass spectrometry (1CPMS). The 
cytocompatibility u.as assessed by culturing mousc osteoblasts expressing an enhanced 
green fluorescent protein on the surface of these materials. In our animal tests, both the 
nitrogen plasma-treated and untreated NiTi samples were ~mplanted into the rabbit 
femur and ilium for 2, 4 and 12 weeks. 
Resnlts: Aftcr Plll heatmnent, a layer of stable titanium nitride is folmed on the NiTi 
surface. Compared to the untreated samplcs, the corrosion resistance of the nitrogen 
PlII sample is hetter by a factor of five and the surface hardness and elastic modulus are 
better by a factor of two. The concentl-ation of Ni leached into the simulated body 
fluids from the untreated samples is 3Oppm, whereas that from the nitrogen Plll that is 
undetectablc. Altllough there is no significant difference in the ability of cells to grow 
on either surface. bone fo~mation is found to be better on the nitrogen PI11 sample 
surface at every time points. 
Discussion and conclnsion: The results acquired from the nitrogen Plll samplcs are 
more superior, for instance. enhanced corrosion and wear resistancc as \yell as 
negligible Ni release. All these improvements can be attributed to the form;rtion of 
titanium nitride on the surface. Furthelmore, the plasma-trrated NiTi also shows better 
bone growth in our animal study. There is e~idcnce that the PI11 modified NiTi alloy is 
suitable for orthopedic implants without induciug harmful effects. 




