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Introduction
Increasing market of implants and medical devices
enhances nowadays the diversification of products that
support surgical outcome more successfully [1].
Currently, two groups of materials the most of implants
are made of, are metals and polymers. The commonly
applied metallic implants possess relatively poor surface
properties caused by the lack of total chemical stability in
human body environment [2]. One of the most
extensively researched solutions include the application
of diamond-like carbon (DLC) coatings, which exhibit a
combination of highly desirable properties in the context
of biomedical applications [3]. Different properties of
synthetized carbon coatings can be further improved by
the incorporation of different elements into the carbon
matrix [4]. As far as orthopaedic and cardiovascular
implants are concerned, one of the most promising
dopants is silicon (Si), which not only favours the
proliferation of endothelial cells, but also acts as an
antithrombogenic agent. In the case of orthopaedic
implants the enhancement of the osseointegration
process is highly desirable in order to assure the proper
bone-healing, what may be achieved by the addition of
either titanium (Ti) or silicon. In the case of implantation
procedure, in general, the antibacterial properties are
very important. Addition of silver can fulfil this
requirement [5].

Materials and Methods
In this work the DLC coatings with Si and Ag dopants
were have been manufactured on two commonly applied
metallic biomaterials (AISI 316 LVM steel and Ti6Al7Nb
alloy) using two methods: RF PACVD and magnetron
sputtering. The surface characteristics involved the
analysis of surface morphology (SEM), chemical
composition and structure (XPS, FTIR) as well as surface
wettability and surface free energy. The biological
assessment of the deposited coatings was based on two
complementary cell proliferation and viability assays
(LIVE/DEAD and XTT test) performed on two different
cell lines, i.e. endothelial cells line EA.hy926 and
osteoblast-like cells line Saos-2. The bactericidal activity
was assessed using E. coli. The obtained results allowed

to check the influence of both dopants on the biological
response towards the modified carbon coatings as well
as to correlate the obtained results with the surface
properties of the investigated coatings.

Results and Discussion
According to the literature, the increasing concentration
of Si is associated with lower number of adhering
platelets and decreased platelet activation level, and
hence higher hoemocompatibility [6]. At the same time, Si
favours the attachment of human endothelial cells and
does not induce cytotoxicity [7]. Our investigations
showed that dopant has to be incorporated at proper rate
to induce positive reaction in biological meaning
constituting a safe implant with designed properties.
Too high amount of Si does not improve the
hoemocompatibility and depending on the methods and
substrate, the rate of Si as well as Ag element has to be
individually adjusted.

Conclusions
The obtained results demonstrated that the incorporation
of Ag and Si dopants (at proper ratio) allows to obtain
coatings of good biocompatibility and high antibacterial
properties, what makes them a good materials for
medical application.
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