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Immediate soft-tissue adhesion and the mechanical properties of the Ti-6Al-4V alloy after
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Current techniques for immobilizing implantable devices on soft tissues involve mainly polymer-based materials,

such as sutures and glue-type adhesives. Yet several disadvantages regarding the mechanical properties and

handling hinder their further applications. In our previous study, we found that a biocompatible metallic

biomaterial, commercially pure titanium (CpTi), could adhere strongly and immediately (i.e., within a few

seconds) on biological soft tissues after an acid treatment. Ti-6Al1-4V alloys having better mechanical properties

than CpTi have been used in more load-bearing applications. In this study, we report firstly that Ti-6A1-4V alloys

could adhere strongly and immediately on biological soft tissues after an acid treatment. We also report the effects

of acid treatment time on the surface morphology, roughness, crystal phase, hydrophobicity and mechanical

strength of Ti-6Al-4V alloys.

Methods

Ti-6Al-4V films (5x35x0.05 mm3) were treated in an acidic solution containing H.SO4 and HCI for different times

courses. X-ray diffraction was carried out to identify the crystal phases of materials after the treatment. Also, the

treated surfaces of the samples were observed by using a scanning electron microscope (SEM). The roughness (Ra)

was measured using a surface profilometer. The hydrophobicity of the film was estimated from a water contact angle

(WCA). The mechanical strength and adhesion strength was evaluated by mechanical tester.




Results and Discussion

The acid-treated Ti-6Al-4V showed superior tensile strength compared with the acid-treated CpTi at the same
treatment conditions. Titanium hydrides (TiHx) were formed on the Ti-6Al-4V film after acid treatments due to the
introduction of H, formed during the acid etching. The formation of TiHx had a direct correlation with the
morphological change of its surface, and the surface roughness increased according to the acid treatment time. The
acid treated films became more hydrophobic (WCA, ~75°) compared with non-treated films (WCA, 68°). Although
the non-treated Ti-6Al-4V showed almost no adhesion, the acid-treated Ti-6Al-4V showed the adhesion properties
to mouse dermis. The adhesion strength of the acid-treated Ti-6Al-4V was approximately 2 times higher than that of
commercially available fibrin glue. The SEM images of adhered molecules on the sample after tissue adhesion test
showed the firm adhesion of fiber like molecules indicating the partial cohesive failure of fibrous dermal tissues,
whereas no fibrous tissues remained onto the non-treated surface. From the above results, it was clarified that Ti-
6Al-4V, similar to CpTi, exhibits adhesiveness to biological soft tissues due to surface roughness change and

hydrogenation.

Conclusions

The Ti—6A1-4V alloys showed an immediate soft-tissue adhesiveness and a superior mechanical strength after
the acid treatment with HoSO4/HCIL. When the acid treatment described here is applied on implantable Ti—6Al-
4V devices. The treated materials would be a valuable implant material showing close adhesiveness to soft tissues

to avoid bacterial infections.
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