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SURFACE CHARACTERS AND BIOCOMPATIBILITY OF TI-NI SHAPE MEMORY BIOMEDICAL MATERIALS
Kim Ji-Soon, Kang Seung-Baik, Park Don-Kyu, Gjunter V.E.

Abstract. A brief review on the scientific reports regarding the surface characters and the biocompatibility of Ti-
Ni shape memory biomedical materials is given, most of which confirm the superior properties of Ti-Ni materials in
comparison with other conventional ones.

Introduction. TiNi is the most commercially successful shape memory alloy (SMA) and is already in use in the
biomedical, aerospace, and automotive industries. TiNi alloys are important materials for biomedical and dental
devices because they offer excellent biofunctionality related to their unique properties like pseudoelasticity, shape
memory effect, damping capacity, high corrosion-resistance, and deformation compatibility of TiNi with living tis-
sues. Current biomedical applications that take advantage of these properties include stents for peripheral procedures,
orthodontic arch wires, microactuators, surgical tools, staples, clot filters, and many others [1, 13, 40].

Recent in vitro studies [2, 3] as well as in vivo assays [4, 5] showed very promising biological behavior for TiNi.
However, despite these results and many successful clinical applications of TiNi [6] the biocompatibility of this alloy
still remains controversial because of the high content of Ni, which apparently limits a wider medical use of TiNi.
Some literatures showed in fact that nickel toxicity exists in some special case [7]. Recently, many studies have been
devoted to the surface and biocompatibility investigation of TiNi [8—16] to confirm the effectiveness of TiNi com-
pared with other commercially used implant metals like pure Ti, Ti-alloys, Co-alloys, and stainless steels whose sur-
face properties are relatively well known.

In this article some of scientific works on the surface characters and biocompatibility of TiNi shape memory alloy
are briefly summarized and their lists are given for further informations.

Surface Character and Corrosion Resistance of TiNi. Even though the protective oxide film exists on the metal
surface, metal ions can still be released through corrosion processes. The release of metal ions may have adverse bio-
logical effects, depending on the ion species and its concentration. Although some of works have reported that the bio-
logical side effects of Ni can be also available [17-20], many other works are reporting no toxic effect of TiNi alloy
[21-22].

The good corrosion resistance of TiNi results from the formation of very stable, continuous, highly adherent, and
protective oxide films on its surface. Because titanium is highly reactive and has a high affinity for oxygen, these ben-
eficial surface oxide films form spontaneously when fresh metal surfaces are exposed to air and/or moisture. In fact,
a damaged oxide film can generally reheal itself if at least traces of oxygen or water (moisture) are present in the envi-
ronment [23]. In addition, calcium-phosphate surface films can be naturally formed in a biological environment
[24-26], which can act as a further barrier against ion diffusion from the subsurface alloy. In comparison with 316L
stainless steel, TiNi alloys has been known to exhibit equivalent, or even better corrosion resistance [27-29]. Various
processes have been to improve the corrosion resistance of TiNi by surface treatment such as electropolishing, heat
treatment and ion implantation [30-31].

Results from the investigation on the surface of TiNi using SEM, EDS, XPS and Auger [32, 33] showed that, in
fact as with pure titanium, the passivation film present on Ni-Ti is mainly constituted of TiO, and actually, the excel-
lent biocompatibilty of TiNi has been attributed [32-34] to the TiO,-based oxides passivation film.

Biocompatiblity. The biocompatibility of any biomaterial is related to the implant-body interactions and for
metallic implants it is directly related to the nature of their surface at the beginning of and during the implantation.
The chemical nature, the roughness, and the surface energy are parameters that will define implant biocompatibility.

Vandenkerkhove and coworkers [35] reported from the literature data that the biocompatibility is often contra-
dictory; nevertheless, they affirmed that no severe damage has been found in living tissue in direct contact with Ni-
Ti. In a paper appearing in the 1970s, Castelman and coworker [36] concluded that the biocompatibilty of Ni-Ti was
sufficient to promote study of possible applications. More recent reviews [37-38] show a favorable picture of the bio-
compatibility of Ni-Ti. Shabalovskaya [39] and Van Humbeek and coworkers [33] stated that the biocompatility of
Ni-Ti is comparable with that of stainless steels, Co-based alloys, and titanium alloys. Ryhanen [37] concluded that it
is similar to or better than stainless steel and Ti-6Al-4V.

Conclusion. Many of research works prove that TiNi shape memory materials have excellent corrosion resist-
ance and biocompatibility, biologically and mechanically. A great number of clinical cases of various medical fields
in Russia and China are the real evidence showing the effectiveness of TiNi materials for the biomedical application.
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