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Although titanium is widely used as biomaterial, the control of the interface properties between its surface
and the surrounding physiological environment (like bone, other tissues or biofluids) results crucial to
achieve a successful osseointegration and good biomechanical and functional performance. In this work,
commercially pure titanium (Grade IV) discs obtained by conventional powder metallurgy were coated with
1-3 nm of Ti6Al4V (Grade V) alloy using DC-pulsed or high-power impulse magnetron sputtering (HiPIMS)
technique with the aim of improving their biomedical performance. SEM, confocal microscopy, X-ray dif-
fraction, nanoindentation and wetting measurements are used to evaluate the bio-interface role of the
titanium-coated implants. Conformal Ti6Al4V coatings with controlled nano-roughness can be deposited
with enhanced mechanical (H = 5-8 GPa; E = 140-160 GPa) and hydrophobic properties thanks to a dense
columnar structure. The increased Ti-O bonding at the interface helps to prevent the corrosion due to the
formation of a surface passivation layer. Particularly in the case of the HiPIMS process, the surface mod-
ification of titanium implants (chemistry, morphology and structure) appears as an effective strategy for
satisfying the biomedical requirements and functionality, with enhanced mechanical properties and na-
nostructuration for prevention of bacteria colonization.

© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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1. Introduction

Among the metallic biomaterials, titanium and its alloys have
been preferentially applied for orthopedic and dental implants due
to their excellent mechanical properties, high corrosion resistance
and biocompatibility. Although low implant failure rates are re-
ported, 5-10 % after up to 15 years, these numbers are considerable
as in the last few decades the worldwide demand for long-lasting
implants has strongly increased [1]. The success of most Ti-based
implants, both dental and orthopedic, strongly depends on a proper
osseointegration process. The osseointegration of an implant is a
complex healing process ruled by a series of events, including the
immune response of the patient, that starts as soon as the implant
surface gets in contact with the patient body. One of the main rea-
sons for the poor osseointegration of Ti and Ti based-alloys is their
bio-inertness. Titanium surfaces form physical bonds with the bone

* Corresponding author.
E-mail address: jcslopez@icmse.csic.es (J. C. Sanchez-Lépez).

https://doi.org/10.1016/j.jallcom.2023.170018

tissue that are less stable than chemical osseous bonding, leading to
an increased risk of implant loosening or failure in long-term [2].
Attention has been driven lately to surface modification strategies
that could not only enhance or accelerate “bone-anchorage” by
promoting a bio-interface between the implant and the bone tissue
but also improve in service performance (mechanical properties and
corrosion resistance). In this context, the strategies that are mostly
used involve manipulation of roughness and texture of the implant
surface, chemical and structural modification of the nature of the
contact surface between the implant and the bone to promote a
direct chemical bond [3], enhancing also physical factors such as
bone anchoring, biomechanical stability and bone tissue guiding. In
this sense several approaches have been used to locally manipulate
the surface energy, biochemistry and topography of the implants
[4-7] with the objective to facilitate the adhesion and differentiation
of the bone-forming cells, which allows for the formation of a very
convenient collagen matrix on the implant. At the same time, at-
tention was paid to improve the mechanical properties of implants
mainly focusing in increasing hardness and improving wear re-
sistance of metallic implants [8]. The development of coatings,

0925-8388/© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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conferring improved properties to the bulk implant, is an increasing
research area with room for further developments of coating/sub-
strate best candidate combinations leading to optimized properties
for biomedical applications. In this optimization approach, magne-
tron sputtering is a very attractive plasma/vacuum-based deposition
technique.

Plasma deposition techniques are characterized by a non-equi-
librium physico-chemical environment that allows materials to be
grown or modified at low temperature far from the thermodynamic
limits. Magnetron sputtering is one of the most commonly employed
plasma technologies in industry, for coating and surface modifica-
tion, that allows for highly conformal coatings, well adherent to a
broad variety of substrates. By controlling deposition parameters,
surfaces of dense or porous coatings can be easily achieved, with
control at the nano- and microscale of surface roughness, chemical
composition and crystalline phases [9,10]. Moreover, plasma-based
deposition methods result in highly reproducible coatings with
sterile surfaces [11,12]. The described capabilities of the technique
address some of the main challenges to be faced in the development
of coating surfaces that will be in direct contact with the patient
body. Primarily the coatings should present mechanical integrity and
good adhesion to the substrate and be capable to withstand its in-
sertion in the body and consequent mechanical loading. Within
magnetron sputtering based techniques, HiPIMS is considered
nowadays the preferred choice for improved mechanical, tribological
and anticorrosive properties. It is reported that HiPIMS produces
denser and smooth coatings with better uniformity in terms of film
thicknesses on substrates with complex geometries when compared
to direct current discharges (DC) [13,14]. This is surely an advantage
in covering materials for implants with uniform dense structures
and beneficial properties. The high pulse power densities achieved,
in the order of 10'® e"/m?, at very small pulses (from microseconds to
milliseconds) allow reaching very high degrees of ionization, 50-80
%, where more energetic atoms are deposited on the substrates
when compared to the conventional DC discharges [15,16]. In DC
sputtering the ionization degree is around 1-5 % and electronic
densities of 10'* e-/m® are obtained that increase to 10'® e//m® when
pulsed DC magnetron sputtering is employed [16-19]. The lower
energy of the atoms arriving to the substrate gives origin to pro-
nounced shadowing effects resulting in open intercolumnar porosity
[16,20,21]. Nevertheless, only few recent works in literature are
devoted to the preparation of coatings on implants [19,22-24] and,
in particular, applied to powder metallurgy substrates.

Despite safety concerns [25,26], Ti6Al4V is still one of the most
commonly employed titanium alloys in medical implants char-
acterized by its good biocompatibility, mechanical and corrosion
resistance properties. Over the last years, the manufacturing tech-
niques for Ti6Al4V have been revised looking for procedures that
could be easily improved in industry with shorter manufacturing
times [27,28]. In this work we put together two well-known and
well-established material preparation techniques in industry as
powder metallurgy, to fabricate the implant substrate, and magne-
tron sputtering technique (specifically pulsed technologies), to
modify the surface properties by coating deposition. This will enable
the insertion of small implants to replace cortical bone tissues (e.g.
after tumoral surgeries) with improved biofunctional and bio-
mechanical surfaces. More specifically, the use of novel HiPIMS
technique is explored for this purpose and compared with more
conventional pulsed DC (DC-p) sputtering. The obtained results
could open a new research niche with prospect to new coating
possibilities and fast industrialization times.

2. Materials and methods

In this section, the fabrication and characterization of titanium
substrates are firstly presented. The coatings deposition process is
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described below, as well as a detailed set of characterization tech-
niques in order to evaluate the microstructure, thickness, homo-
geneity, wettability, and mechanical properties. This study will
provide an insight of the behavior of the system (substrate plus
coating) as a possible implant material.

2.1. Manufacturing and characterization of the commercially pure
titanium (c.p.-Ti) substrates

Disk substrates (12 mm diameter and 4 mm height) of c.p.-Ti
(grade 1V) supplied by SEJOING Materials Co. Ltd. (Seoul, Korea),
were manufactured by conventional powder metallurgy. The Ti
powder was pressed at 1300 MPa using an Instron 5505 machine
and sintered for densification in a molybdenum chamber furnace
(Termolab, Agueda, Portugal) under high vacuum conditions (~ 107>
mbar), at 1300 °C for 2 h. Before film deposition, the surface of the
discs was carefully grounded and polished with a colloidal silica
suspension.

2.2. Deposition of the Ti6AI4V coatings by magnetron sputtering

The coatings were deposited from Ti6Al4V targets (Grade V) from
Photon Export of 2 in. of diameter and 3 mm of thickness. Silicon
wafers (100) were also used for cross-section examination, de-
termination of the coating thickness by scanning electron micro-
scopy (SEM), phase composition by X-ray diffraction (XRD) and
nanoindentation measurements. The base pressure of the vacuum
chamber was ~ 1 x 107 Pa and the working pressure set at 0.75 Pa. A
flux of 25 sccm of Ar was used for the sputtering process. DC-p and
HiPIMS sources were employed to apply 250 W to the sputtering
target during 150 min. The pulse conditions were 250 kHz and 89 %
of duty cycle (DC-p) and 500 Hz and 2 % of duty cycle (HiPIMS). The
substrate temperature was fixed at 250 °C. A working distance
(distance substrate-target) of 10 cm was used for all coatings.

2.3. Phase composition, microstructural and mechanical
characterization of coatings

The analysis of crystalline phase composition of the uncoated
and coated specimens together with the target material used for
deposition was carried out by XRD in an X'Pert Pro PANALYTICAL
diffractometer in grazing incidence at 1°, using Cu Ka radiation.

The composition and chemical state of the coatings surface were
determined by X-ray photoemission spectroscopy (XPS) in a
PHOIBOS 100 spectrometer, working with pass energy of 15 eV and
the Al Ko radiation as excitation source. Binding energy (BE) cali-
bration of the spectra was performed assigning a BE of 284.5 eV to
the C 1s peak due to adventitious carbon contamination.

To characterize the homogeneity, thickness, roughness and
morphology of the coatings, images of the top-view and cross-sec-
tion were acquired using SEM and confocal microscopy. A SEM-FEG
Hitachi S4800 microscope operating at 5 kV was used for morpho-
logical and compositional analyses. The confocal microscopy images
were taken at 50x magnification using a Sensofar S-Neox 090 mi-
croscope allowing the estimation of the surface roughness para-
meters in the uncoated and coated specimens. At least five different
regions were analyzed for the estimation of the arithmetic surface
roughness (S,) in each sample.

The wettability was evaluated by the static contact angle (CA)
measurements obtained with an OCA 20 Dataphysics instrument
setup by depositing 2 pL microdroplets on the surface of the samples
according to the Young’s method. Measurements were done with
water (pH 7) and bovine albumin serum (Sigma Aldrich), which form
part and simulate the biological environment, respectively. The
given CA value was obtained after averaging a minimum of 3 in-
dependent measurements per sample.
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Fig. 1. XRD scans for the uncoated and coated titanium specimens. The diffractogram
obtained for the target material is also included for comparison purposes. The posi-
tions of the crystalline phases of Ti () (ICDD #1-1198); Al (OJ) (ICDD #4-0787) and V
(A\) (ICDD #1-1224) are marked in the target material and the crystallographic planes
associated to the hexagonal hcp-Ti phase are noted on the uncoated specimen.
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Nanoindentation experiments were performed with a KLA
Nanoindenter G200X using the continuous stiffness measurement
(CSM) technique with 50 mN of maximum load for the coatings and
500 mN for the c.p.-Ti substrate. All tests were carried out at room
temperature with a diamond Berkovich (three-sided pyramid) in-
denter tip (<20 nm). The load displacement data obtained were
analyzed using the method of Oliver and Pharr [29] to determine the
hardness and the elastic modulus as a function of the displacement
of the indenter. The estimation of both properties was done in the
region in which the indentation depth did not exceed 10-15 % of the
coating thickness disregarding the initial points affected by tip de-
fects and surface roughness. A 3 x 4 nanoindentation array was
defined on the surface of each coating, with a 20 pm separation
between consecutive indents to avoid effects from previous mea-
surements. The CSM mode used and the number of indents in every
sample allowed enough statistical data to obtain reliable and accu-
rate results.

3. Results and discussion

The crystalline structure of the initial titanium substrates and
coated specimens was examined by XRD in grazing incidence at 1°.
Fig. 1 displays their corresponding diffractograms together with that
of the Ti6Al4V target. The positions of the crystalline phases of Ti
(ICDD #1-1198); Al (ICDD #4-0787) and V (ICDD #1-1224) are
marked in the target material and the crystallographic planes as-
sociated to the hexagonal hcp-Ti phase are noted on the uncoated
specimen. The positions of the peaks observed in both coatings are
consistent with the hcp-Ti phase showing poorer crystallinity than
the raw materials. The intensity ratios and the peak width vary
depending on the type of sputtering deposition method used. Thus,
the employ of HiPIMS conditions revealed to favor the growth of the
(002) and (103) vs. (101) planes. The more energetic conditions of
the HiPIMS plasmas lead to preferential orientation and lattice

HiPIMS

Fig. 2. SEM cross-section and planar view images of the DC-p and HiPIMS coatings. The percentage values (Pt %) represent the total porosity fraction estimated from the shown

micrographs.
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Fig. 3. Mean column size distribution for the DC-p and HiPIMS coatings.

distortion of crystalline planes induced by ion bombardment [30].
The observed peak broadening is indicative of a lower crystal size in
agreement with the smaller columnar size evidenced by SEM
(cf. Fig. 2).

Fig. 2 shows the SEM images (cross-section and top-view) of the
coatings obtained by magnetron sputtering. These micrographs
allow evaluating the thickness, morphology and compactness of the
coatings obtained by DC-p and HiPIMS. The film are found to be
conformal to the c.p.-Ti specimen with a homogeneous thickness on
all substrate area of 2.70 + 0.10 pm and 0.90 + 0.05 pum for the DC-p
and HiPIMS processes, respectively. The higher thickness obtained
by the DC-p process is congruent with the lower deposition rates
commonly obtained in HiPIMS processes [17]. This phenomenon is a
consequence of the reduction of time when the pulse is on and the
back-attraction of the higher fraction of positive target ions formed
during the HiPIMS discharge [31]. The films grow developing a co-
lumnar morphology although they differ in the degree of compact-
ness and intercolumnar porosity. The comparison of the planar and
top view images denotes the differences in the column size and

e 2> o

R . <t S
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degree of packaging between DC-p and HiPIMS. The columns de-
veloped with the HiPIMS process are round and smaller leading to a
higher density structure vs. more polygonal and heterogenous in the
case of DC-p [15]. Fig. 3 displays the results obtained for a statistical
analysis on these pictures confirming higher average mean column
diameters and higher distribution in the DC-p sample. The equiva-
lent mean diameter was found to be 55 + 17 nm in HiPIMS vs.
74 + 30 nm in DC-p. Considering a cumulative frequency of 80 %, the
equivalent column diameters are lower than 70 nm in the HiPIMS
while in the case of DC-p, the values extend towards 110 nm. Like-
wise, the porosity percentages (measured as the open intercolumn
area in respect to the total surface) gave values of 0.9 % and 6.6 % for
the HiPIMS and DC-p, respectively, indicative of a higher column
compaction in the former case. This modification of the film mi-
crostructure is also consequence of the higher energetic conditions
achieved in the HiPIMS discharge. The power delivered in the form
of very short and intense pulses favors the increase of the ion flux
and energies, which impinge the growing surface. In this context
shadowing effects responsible by open intercolumnar porosity
[13,15] are more important in the case of less energetic conditions of
DC-p and a less compact columnar structure [20]. This is clearly il-
lustrated in Fig. 2 (DC-p top view) where micropillars are formed by
assembly of polygonal columns of different sizes, leaving open
boundary regions.

Fig. 4 displays the optical micrographs and confocal images ob-
tained for both type of coatings. The average arithmetic roughness
(S,) values of both coatings are compared with the initial values in a
table include as inset. The average roughness values of both coatings
obtained from confocal image analysis are rather low (below 50 nm
in both cases) and similar to those measured for the initial substrates
within the error deviations. This result denotes the high

S, (nm) Uncoated Film
DC-p 38+10 35+8
HiPIMS 23+6 25+10

HiPIMS

82 Xm)’ 2527 370

Fig. 4. Optical pictures of the coating edge and confocal images obtained for the coated surfaces. The average roughness of the initial substrates and corresponding coatings are

included as inset.
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Fig. 5. Comparison between the load-displacement curves for the two types of TiAIV
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Fig. 6. Hardness and elastic modulus values for the DC-p and HiPIMS coatings.

conformability and film density achieved, characteristics of plasma
assisted physical vapor deposition techniques [13,14].

The mechanical behavior of the coatings was studied using na-
noindentation measurements at 50 mN of maximum load. Fig. 5
depicts the load-depth curves for HiPIMS and DC-p coatings and a
summary of mechanical data obtained from them. Higher penetra-
tion depths are obtained with the DC-p sample indicating a lower
nanohardness. A significant difference in elastic recovery is also
noticed with 29 % and 36 % for the DC-p and HiPIMS (148 and
180 nm in absolute values), respectively. Another relevant feature is
the pseudo-creep behavior during the holding time at maximum
load for the DC-p film. This phenomenon has been already observed
in thermal barrier layer coatings [32] and associated to potential
slippage of the column boundaries. These differences in mechanical
behavior are confirmed from the determination of the nanohardness
and Young's modulus values (cf. Fig. 6 and Table 1), with
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Table 1

Values corresponding to the Young’s modulus, E, hardness, H, and the ratios H/E and
H3/E? measured by nanoindentation for the coated (DC-p, HiPIMS) considering the 1/
10 rule and uncoated substrates (c.p.-Ti).

E (GPa) H (GPa) HJE H3/E2
DC-p 138+9 50+ 05 0.04 0.006
HiPIMS 161+ 8 7.9 + 0.7 0.05 0.019
c.p-Ti* 176 £ 15 71+12 0.04 0.011

*E and Vickers hardness (HV) values obtained by instrumented microindentation
(P-h): E=108 * 5GPa; HV0.10 =441 * 34 MPa

—bce Ols
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540 536 532 528 524
BE (eV)
—DCop Ti2p
| ——HIPIMS Tio,
=
3
TieTi
S ; . : .
468 464 460 456 452
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Fig. 7. - XPS O 1s deconvoluted photoelectron peaks and Ti 2p core level spectra for
the DC-p and HiPIMS coatings. O 1s fitting is included as dot lines.

approximate values of 8 and 160 GPa (HiPIMS) and 5 and 140 GPa
(DC-p), respectively. Table 1 resumes the mechanical properties in
comparison with the uncoated c.p.-Ti specimen, including also the
H/E ratio, which is related to the elastic strain to failure and wear
resistance, and the H3/E? ratio related to the resistance to plastic
deformation [8,33]. The enhancement of the mechanical properties
for the HiPIMS coating agrees with the changes observed previously
in the film texture and morphology by XRD and SEM [34,35]. The
higher intensity of the (103) peak in XRD was earlier observed for Ti
alloys with improved hardness [34]. While the changes in film
density rendered by the higher process energy were previously re-
ported by Samuelsson et al. [35], estimating a density difference of
~15 % by RBS results. The H/E and H3/E? values for the HiPIMS
coating are similar to those reported in literature for laser treated
Ti6AI4V alloy with improved anti-wear properties [36]. These results
point out that coated surfaces by means of HiPIMS lead to improved
mechanical and anti-wear properties compared to the native sub-
strate, which play a significant role on the “in service” implant. The
lower H and E values obtained for DC-p coating in respect to the bare
substrate is associated to the heterogeneous microstructure formed
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HiPIMS

Fig. 8. Contact angle measurements on the coated surfaces using water and bovine albumin serum as fluids.

by the assembly of columns of different sizes with open inter-
columnar boundaries as observed by the SEM micrographs. It is
worth mentioning that nanoscale and surface effects influence the
mechanical properties measured by nanoindentation giving higher
values than those typical of bulk materials. For instance, common E
values of c.p.-Ti and Ti6AI4V are found to be around 105-110 GPa. In
conclusion, the deposition of a thin film of Ti6Al4V alloy by means of
HiPIMS enables the enhancement of the surface mechanical prop-
erties (higher H/E and H3/E? values) while maintaining a lighter ti-
tanium core, which results very attractive for dental implants.

The chemistry of the surfaces has also a strong effect on the
surface energy of materials and thus on their wettability and the
consequent interaction with the environment. XPS analysis carried
out on the coated specimens revealed that the atomic titanium
concentrations were almost twice that of the pristine surface
(~7 at% and 8 at.% for DC-p and HiPIMS respectively versus ~4 at.%
of the substrate). No signal of vanadium could be detected at the
outmost part of the surface (Survey spectrum presented in
Supporting information Fig. S1). The absence of vanadium on the
coatings’ surface would ensure a low cytotoxicity and its potential
biofunctionality[37,38]. Fig. 7 exhibits comparatively the O 1s and Ti
2p photoelectron peaks for each type of coating. In addition, the
surface aluminum content has been found to be around 2 at.% where

the metallic character prevails at the surface with a small oxidized
contribution for both coatings (see Fig. ST in Supporting informa-
tion). HiPIMS process leads to higher surface titanium concentration
predominantly in oxidized state (metallic Ti-Ti bond formation at
the surface has not been observed) [39-41]. In accordance, two main
components can be distinguished in the O 1s resolved photoelectron
spectra: the most intense Ti-O (~530 eV) contribution and the sec-
ondary Ti-OH (~533eV) one attributed to the oxygen and water
adsorption on the surface. A small contribution of Al-O bond was
also considered in agreement with the results of Fig. S1 for Al 2p
peak. The formation of a TiO, surface layer is known to be a high
protective barrier against corrosion in contact with biofluids [42], as
well as to favor the osseointegration process notably in nanos-
tructured surfaces [43].

Wettability of the implant surfaces has a strong effect on the
biological system: adhesion of proteins, interaction of the surfaces
with hard and soft tissue cells, affinity for bacteria and biofilm for-
mation. The wetting properties of bare and coated substrates were
studied using contact angle measurements with water and bovine
albumin serum as simulated biological media (results on Fig. 8). The
wettability of the surfaces demonstrates an increase of the contact
angle after the coating deposition (from 48° to 80-100°), both with
water and bovine serum, indicating a hydrophobic character, as it is
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known from literature [26,39,44]. Although hydrophilic surfaces
tend to favor the early stages of cell adhesion, proliferation and
differentiation, hydrophobic surfaces are reported to absorb more
protein with respect to hydrophilic ones affecting not only the
amount of proteins absorbed but also their spatial distribution
[2,26,44]. Previous works have presented hydrophobic dental im-
plants as protective barriers against biodegradation induced by
water and waterbone agents [45], particularly, with bacteria of acidic
character. Moreover, as hydrophobic surfaces in contact with water
become usually negatively charged, they are generally more re-
sistant to negatively charged bacterial colonization. Thus, micro-
organisms generally adhere less to a hydrophobic substrate because
a material of lower surface energy weakens the bacteria-surface
adhesion [46].

This wetting behavior can be related with the induced changes at
the surface, both at topographical and chemical levels previously
discussed. Even when the average surface roughness values are of
the same order before and after coating deposition for both type of
coatings (cf. Fig. 4), the surface morphology shows clear differences
as demonstrated by SEM observation and statistical image analysis,
evidencing a surface nanostructuring that changes the wetting be-
havior. Surface modification by the introduction of micro and na-
noscale features, trying to mimic the bone’s hierarchical structure, is
one of the current trends to improve osseointegration [43] and the
success of commercial implants [44]. Current works have revealed
that osteoblasts, through cytoskeletal organization and spread
morphology, are more sensible to surface topography changes than
to surface wettability modification [47]. Nanoscaled surfaces have
been demonstrated to favor protein adsorption required for the os-
teogenic cell migration [42]. Additionally, nanostructured hydro-
phobic surfaces are a current strategy to difficult the bacteria
adsorption and growth as an alternative to the widespread and ex-
cessive use of antibiotics [48,49] taking advantages of the difference
in size between bacteria and living tissue cells such as osteoblasts
(i.e., several micrometers compared to a few tens of microns, re-
spectively). It has been found a considerable reduction of bacterial
colonization of titanium surfaces as the number of adhesion sites
and exposed area decreased due to an enhanced nanoroughness
[50,51]. Furthermore, porous surfaces with pore diameter in the
order of 70 nm have been found as osteoconductivity trigger systems
[37]. In view of the observed average nanoroughness values in the
coated surfaces both with HiPIMS and DC-p, with mean column and
pore dimensions below 50nm, the surface topography appears
“smooth” from the osteoblast’s well proliferation dimension [52] but
can potentially affect the bacterial development. The present results
place pulsed magnetron sputtering technology as a good strategy to
tune surface properties of Ti implants and further bioactivity studies
are foreseen.

4. Conclusions

Pulsed magnetron sputtering technologies (HiPIMS and DC-p)
have been used to tune satisfactorily the bio-interface in pure Ti
specimens prepared by powder metallurgy using Ti6Al4V alloy as
coating material. The films with thicknesses in the range of 1-3 pm
were characterized to be dense, conformal and adherent to the Ti
surfaces developing a typical nanoroughness with average values
below 50 nm. The mechanical properties were improved in the case
of the novel HiPIMS technology leading to higher hardness
(H = 8 GPa), elastic strain to failure (H/E=0.05) and resistance to
plastic deformation (H3/E?> =0.019) in comparison with the bare
substrate. The formation of a TiO, surface protective layer can help
to prevent corrosion in biological media. Both coated surfaces were
found to be hydrophobic, which could be related to the surface na-
nostructuring and chemical functionalization, what is expected to
improve the antibacterial effect. The combination of surface
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architecture (smooth for bone cells and rough for bacteria) with low
surface energy and improved mechanical performance qualify the
surface modification of implants by the novel HiPIMS technology as
a promising strategy to have a good compromise between bio and
mechanical properties, both of extreme importance for the medical
applications.
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