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Abstract

Different treatments were conducted over Ti6Al4V samples in order to produce a surface modification to increase cell
attachment and proliferation. The surface treatments evaluated in this study were as follows: etching with sulfuric acid/
hydrochloric acid, oxidizing with hydrogen peroxide and low-pressure oxygen plasma treatment. In contrast to other works
found in the literature, this research conducts a comparison between different chemical and physical treatments in terms of
different assays for surface characterization: X-ray diffraction, scanning electron microscope (SEM), energy-dispersive X-ray
spectroscopy, water contact angle, release of vanadium ions and cell viability tests (MTT) of human osteoblasts (hFOB 1.19).
Cell morphology over the different substrates was also studied by SEM observation. It was found that plasma and peroxide
treatments increase the O/Ti ratio at the titanium surface and provide an increase in cell affinity. On the other hand, acid
etching provides a superhydrophilic surface which is not able to improve the cell attachment of human osteoblasts.
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both in bone and as part of dental implants [1]. Studies con-
ducted by different authors show that the recurring failures
in implants can be attributed to the lack of bone and its bad
quality and that implants currently used cannot ensure stabil-
ity, functionality and durability, even when the natural bone
is not broken [2, 3].

Titanium and its alloys are biocompatible but also bioin-
ert, which means that it will not interact with the surrounding
tissues and, thus, will not promote cells adhesion and pro-
liferation, leading to a limited osseointegration of implants
in the natural bone [4, 5]. To increase cell attachment to
titanium alloys other authors have conducted topographi-
cal modifications [6-9] or chemical changes to introduce
bioactive substances, both of inorganic (such as calcium
phosphates or hydroxyapatite) [10-13] or of organic nature
(such as polymers, proteins or polysaccharides) [14-19].
Regarding physical methods, Ramskogler and collabora-
tors [9] propose the use of a highly energetic electron beam
structuring over Ti surfaces; this technique is said to produce
a surface free of cracks, pores and impurities, also leading
to an improvement in cell proliferation. According to these
and other researchers, the effect of surface topography on
bone integration is unclear and difficult to measure. Some
authors have grafted poly(sodium styrene sulfonate) over Ti
substrates to later attach proteins (albumin, fibronectin and
collagen I), proving an effective grafting of poly(NaSS) over
the titanium surface and an enhanced cell growth and disper-
sion [16, 19]; besides, in vivo studies show the presence of
mineralized tissues adjacent to the implant and no bacteria
adhesion, that is, that the grafted surface is favorable to osse-
ointegration and inhibits bacterial infection. Other interest-
ing effects derived from the anchorage of polysaccharides to
titanium alloys surfaces are the antibacterial activity of these
coatings, especially for those made of chitosan/alginate and
minocycline [20] or chitosan and lauric acid [5], together
with the higher cell adhesion. This is remarkable because
bacterial infection has been demonstrated to be the second
cause of instability of titanium implants [4].

Although the above-mentioned introduction of bioactive
substances have been proved to increase the bioaffinity of
titanium parts, these methods are complex and expensive
when they are intended to be used on commercial titanium
prosthesis and implants. For this reason, simpler treatments
which have a significant effect on the osseointegration of
titanium parts are more promising for their massive clini-
cal introduction. Examples of these kinds of treatments
are ultraviolet [21, 22] or plasma exposure [23—25] of the
surfaces. These procedures have been demonstrated to
change the hydrophilicity of their surface without altering
its topography [25]. Plasma has also been used for coat-
ing titanium alloy parts with hydroxyapatite [11, 12, 26]
or different polymers under low-pressure conditions, such
as allylamine [27, 28] or ethylenediamine [29]. Plasma is
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also used to perform plasma electrolytic oxidation to coat
titanium parts immersed in electrolytic solutions with hard
ceramic coatings, such as TiO, for titanium parts, which
can be later coated with hydroxyapatite [30]. Atmospheric
plasma has also proven to induce hydrophilicity by the crea-
tion of reactive radicals over titanium surface [23, 31].

However, most of the related references in the literature
focus their work on the evaluation of these treatments on
pure titanium surfaces, while the experience about their
effect on titanium alloys is limited, in spite of their impor-
tance in the manufacturing of bone and dental implants
(especially Ti6Al4V, a a-fB-type titanium alloy with excel-
lent mechanical properties which is used in about the 50%
of the biomedical implants [32]).

In the present study, low-pressure oxygen plasma has
been applied to Ti6Al4V as a proposal to increase its bioaf-
finity. In addition to this, a comparison with other simple
chemical treatments previously analyzed for titanium surface
modification (acid etching [33] and peroxide oxidation [34])
has been established in terms of surface chemical groups,
topography, water contact angle and cell viability. The effect
of the treatments on the release of vanadium ions has also
been assessed. Metallic ions can be released from Ti6Al4V
implants to the surrounding and remote tissues [35-37] with
relevant clinical implications, as vanadium ions are able to
increase the number of apoptotic cells [37, 38].

A comparison between the effect of plasma, oxidizing
and etching treatments has not been found in the literature
(neither for titanium alloys nor for pure titanium), and the
results could be helpful to better understand the differences
between chemical treatments and low-pressure plasma treat-
ment on the effects on the surface properties of this alloy.

Materials and methods
Materials

Experiments were carried out using 8-mm-diameter disks
and 20 x 20 mm? squares of a 1.6-mm-thick sheet of titanium
grade V (Ti6Al4V or titanium ASTM B 265) from Ti-Shop.
com (a division of William Gregor Ltd.). The disks were
used for the biological evaluation of the surfaces, while the
squared samples were subjected to physicochemical analy-
sis. These samples were obtained by laser cutting.
Hydrogen peroxide 30% v/v was supplied by Merck KGaA.
Hydrochloric acid 37% was provided by VWR Chemicals.
Sulfuric acid 98.5% was supplied by Brenntag. Pure acetone
99.6% was obtained from LabKem (a subdivision from Lab-
box supplies), and absolute ethanol 99.5% was obtained
from Scharlau Chemicals. Oxygen for plasma treatment was
obtained from AirProducts (reference Ultrapure Plus oxygen—
X50S). Ringer solution for the vanadium release evaluation
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was purchased from Hemofarm. The standard used for the cali-
bration curve in the atomic absorption spectroscopy quantifica-
tion of vanadium ions was NH,VO;, vanadium ICP standard
from Merck. The following cells and reagents were used for
cell culture: human osteoblasts hFOB 1.19 (ATCC® CRL-
11372™)_1:1 mixture of Ham’s F12 medium and Dulbecco’s
modified Eagle’s medium (DMEM) with L-glutamine 2.5 mM
and without phenol red (Gibco), fetal bovine serum (FBS)
(Biowest), trypsin-EDTA (Capricorn Scientific), Geneticin™
Selective Antibiotic G418 Sulfate (Gibco), PBS (Biowest) and
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) (from VWR).

Methods
Physical and chemical treatments

All the samples were cleaned with ultrasound for 10 min in
the following sequence: acetone, ethanol 70% and distillated
water. After that, they were allowed to dry in a desiccator
with silica for 48 h.

Plasma treatment was conducted in a Zepto low-pressure
plasma chamber from Diener electronic, using pure oxygen
as gas. This device operates at 40 kHz and at a maximum
power of 100 W; samples were plasma-treated at 100 W for
10 min, with an O, pressure of 1.5 mbar.

The chemical treatments consisted in the immersion of
the samples in different oxidizing or etching solutions. These
solutions are listed below:

e H,0,30% (v/v) for 24 h in dark

e SCA (sulfuric and hydrochloric acids) for 1 h at 60 °C;
SCA is a solution of H,SO,/HCI/H,O at a 1/1/1 ratio in
volume

Once the chemical treatment is finished, each disk was
washed with distillated water and allowed to dry in the des-
iccator for 2 days.

Fourier transform infrared spectroscopy (FT-IR)

All parts were analyzed in a FT-IR Spectrum Two device
from PerkinElmer under the specular reflectance mode.
Tests were performed using the 80 Spec tool at 0 degrees
of polarization in the range from 500 to 4000 cm™!, at a
resolution of 16 cm™!. These analyses were carried out in
triplicate.

Scanning electron microscopy (SEM)-energy-dispersive
X-ray spectroscopy (EDX)

SEM analyses were performed in a HITACHI TM3030
device, provided with an EDX sensor. Pictures were

taken at 15 kV and magnification of 150-2000, while
EDX tests were performed at 15 kV and magnification of
150x (working distance 9300 pm and filament current of
1850 mA).

X-ray diffraction (XRD) tests

X-ray diffraction (XRD) analysis was performed with an
X-ray diffractometer (Bruker D8 Advance A25, with a Cu
target, A=0.154 nm). The samples were scanned from 23
to 80°. The system was operated at 40 kV and a current of
30 mA.

Water contact angle measurements

The water contact angle was measured with a Powereach
contact angle meter (from Shanghai Zhongchen Digital
Technology). The volume of distilled water drop used for
the measurements was 3 ul, and the images were treated
with StreamPix software. The static contact angle of each
drop was measured on its right and left sides, and the value
for each drop is the mean value of both measurements. For
each group of samples, ten drops were evaluated.

Analysis of the release of vanadium ions

The release of ions from Ti6Al4V has been an issue of
remarkable importance in the development of prosthesis
made of this material. Vanadium release could be modified
because of the surface modifications proposed in this study
because of the potential passivation or activation. This ion
could have a potential toxic effect, and for this reason, an
evaluation of the release of vanadium ions in simulated body
fluid from the samples was performed. Three square-shaped
samples from each group were subjected to a corrosion test
in an electrochemical cell consisting of 3 electrodes: the
Ti6Al4V disk, the saturated potassium chloride electrode
(XR110 Radiometer Analytical®) and a platinum electrode.
The fluid of the cell where the samples were immersed
was Ringer solution (10 ml per sample). This solution is a
simulated body fluid with 147.1 mmol Na*, 4.0 mmol K*,
2.25 mmol Ca>* and 155.6 mmol CI™. In this cell, the volt-
age was regulated from -250 mV up to 250 mV with a rate
of 60 mV/min. With this cycle, the release of vanadium
from the surfaces is expected to be increased compared to
the immersion of the samples in simulated body fluids for
a defined period of time. After this test, the Ringer solution
was collected and analyzed by atomic absorption spectros-
copy (Varian AA 280Z Zeeman) to quantify the levels of
vanadium in these samples.
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Cell culture

Human osteoblasts (hFOB 1.19, from ATCC® CRL-
11372TM) were used to evaluate the cell affinity of the dif-
ferent groups of samples. Cells were cultured using a blend
of Ham’s F12 medium and DMEM supplemented with
2.5 mM Lr-glutamine, FBS at 10% and 0.3 mg/ml of G-418
sulfate. Once the flask reached 80-90% confluency, the cells
were trypsinized with Trypsin-EDTA (0.5%) and transferred
to a new flask. They were allowed to reach again the same
level of confluency, and then, they were detached to be used
in the seeding of the Ti6Al4V samples.

Four disks were used as replicas of each treatment for the
cell culture. These samples were sterilized with UV radia-
tion for 30 min.

A 50-pl drop containing 1000 cells were placed over the
Ti6Al4V disks placed in a 24-well plate, which was then
introduced in the incubator at 37 °C and 5% CO?2 for one
hour. Each well was then completed to 1 ml with fresh media
and left again in the incubator for the specified culturing
time.

Cell viability evaluation and cell morphology observation

The MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide] assay was used to evaluate the viability of
the samples at days 1, 3 and 5 of cell culture. To carry out
this test, the samples were transferred to a new well plate
where the MTT reagent was added at a concentration of
1 mg/l, and left in the incubator for 18 h. Afterward, DMSO
was added to dissolve the formazan crystals, measuring the
developed color 30 min later in a plate reader ELX800 Uni-
versal Microplate Reader (BIO-TEK INSTRUMENTS). The
data obtained were blank-corrected, and the figures obtained
from absorbance will serve as an indicator of viable cells
adhered to the Ti6Al4V parts.

Three more replicas were used for the cell culture carried
out for 5 days. These samples were used for SEM observa-
tion of the cell spreading and morphology. To do so, media
was removed and parts were washed with PBS twice. Then,
cells were fixed using 1 ml of formalin for 10 min, repeated
twice. After this, cells were dehydrated using solutions of
increased alcohol content for 10 min, twice: 10%, 20%, 30%,
50%, 70%, 90%, absolute ethanol. Parts were then allowed
to dry, metallized in a Quorum technologies mini sputter
coater SC7620 model, using an Au/Pd target with a cycle of
120 s and 18 mA of intensity. Afterward, the samples were
observed under SEM microscopy (5 kV).

Statistical analysis

For all quantitative data, the Wilcoxon test was used to
evaluate if there was a significant difference in the treated
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Ti6Al4V samples compared to untreated ones (p <0.05
for significant and p <0.01 for highly significant statistical
difference). The implementation of this statistical method
was carried out with MATLAB 7.4 (2007) software (Math-
Works). All figures in this paper show the mean values of
the results for each group, and their standard deviations are
represented with error bars.

Results and discussion
Fourier transform infrared spectroscopy (FT-IR)

FT-IR is commonly used for characterization of chemical
groups existing over different substrates, and it has been
demonstrated to be also useful for Ti6Al4V characteriza-
tion [39, 40].

Figure 1 shows the FT-IR spectra for untreated and treated
titanium alloy parts at 0° polarization, which was found the
optimal one to highlight the differences among treatments.
The most interesting regions are placed in the range between
400 and 800 cm™' [36], which are attributed to Ti—O and
Ti—O-Ti bonds, and the bands placed at 890-900 cm~'[19],
which correspond to hydroxyl groups.

The acid solution treatment presented a weak peak at
890-900 cm™! that could reveal —OH groups. This band was
attenuated in comparison with untreated titanium spectra.
On the other hand, SCA parts did not show any peak at
400-800 cm™', which means titanium oxides are removed
from the surface due to the acid etching.

Plasma-treated parts show a spectrum very similar to
untreated ones, being only remarkable the presence of tita-
nium oxides, as determined by the peak at around 500 cm™!,
although from FT-IR studies it cannot be said that the
amount of oxygen bonded to the parts surface has changed.

The most important differences in FT-IR spectra with
respect to the untreated parts are seen for the H,O,-treated
parts, where a strong peak around 890-900 cm™' can be
observed; this corresponds to —OH groups, which are
responsible for the increase in the O/Ti ratio found by
EDX analysis. The shoulder found in all spectra around
3700-3600 cm™" corresponds to stretching vibration of H,O
that was absorbed on the surface [41] in all samples during
cleaned phase.

As a conclusion of FT-IR analysis, it is only noticeable
the appearance of —OH groups due to the H,O, treatment
and the reduction of titanium oxides due to acid etching; for
this last, no chlorides or sulfate groups are observed in the
parts surface as a consequence of chemical reagents used
(HCl and H,SO,). TiO, has demonstrated to show biological
effects, mainly when it is found in a crystalline form [42],
and that is the reason to focus on this group in the surface
analysis of treated parts.
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Scanning electron microscopy (SEM)-
energy-dispersive X-ray spectroscopy (EDX)

Figure 2 shows a comparison among different SEM pictures
at the same condition for the different treatments applied.
For untreated samples (Fig. 2a), anything else than some
surface marks can be observed, while treated samples exhibit
changes in surface topology. The plasma treatment scarcely
affects the morphology of the surface of Ti6Al4V (Fig. 2b),
which is in agreement with the results from Choi et al. [25],
who reported that UV or non-thermal atmospheric pressure
plasma jet does not affect the roughness of titanium grade
IV samples. On the other hand, the H,O, treatment (Fig. 2c)
provides a relatively smooth surface with some heterogene-
ous points, where probably the oxidant treatment has been
less aggressive because of local differences in composition
on the original surface. Finally, SCA treatment (Fig. 2d)
generates pores evenly distributed on the surface because
of its etching effect.

Three samples per treatment were analyzed by EDX in
order to determine surface composition of the parts and
modifications induced due to the applied treatments. Table 1
provides the O/Ti ratios obtained for each type of sample,
as average values.

From Table 1 it can be observed that acid treatment pro-
vides the lowest increase in the O/Ti ratio, while peroxide
treatment maximizes this parameter, obtaining over than
double of the initial value. Plasma treatment provides a

H202

2000 1500 1000 500

1/cm

- = SCA - Plasma

similar O/Ti ratio to untreated samples. (The difference rep-
resents 6% of the value for untreated samples, and it is not
statistically significant p > 0.05.) For plasma-treated sam-
ples, different assays conducted show that oxygen content
is higher just after plasma treatment (O/Ti=0.44), but after
48 h at room temperature and humidity it does not show a
remarkable change in terms of O/Ti ratio, as 6 days after the
treatment the O/Ti is still similar to the mean value shown
in Table 1 (0.35). However, a deeper analysis of the effect of
aging on the properties of plasma-treated Ti6Al4V surfaces
should be done in order to optimize the implementation of
this procedure to the in vivo stage, as it could have an impor-
tant impact on the biological performance of the parts.

As obtained from FT-IR analysis, which signaled a higher
presence of titanium oxides over the surface of parts treated
with H,0,, O/Ti ratio is higher for this treatment. (The dif-
ference is 117% of the value compared to untreated Ti6Al4V
samples.)

Regarding these data, it can be stated that the smoother
surface observed for the H,O,-treated samples (Fig. 2c) can
be justified by the filling of the irregularities in untreated
Ti6Al4V by the oxides generated and evidenced by elemen-
tal composition analysis and FT-IR evaluation.

X-ray diffraction (XRD) tests

EDX elemental composition data in Table 1 do not allow
identifying the type of oxides that have been formed on
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Fig.2 SEM pictures for differ-
ent surface treatments: pristine
Ti6Al4V, plasma, H,0, and
SCA at 2000x magnification
(scale bar: 30 um)

Table 1 O/Ti ratio for the

c . Treatment O/Ti (wt/wt)
different treatments obtained
from EDX assays Untreated 0.35+0.11
Plasma 0.37+0.05
H,0, 0.76 £0.08%%*
SCA 0.32+0.03

the surface, so XRD has been used to compare the relative
formation of titanium oxides for the different surface treat-
ments proposed in this study. Figure 3 shows the patterns
for untreated Ti6Al4V and treated samples. All the patterns
show the characteristic peaks of titanium at 35, 38 and 53°
values of 20 [43]. Titanium in Ti6Al4V alloys is a two-phase
material (@ and ) [44], and during acid etching (such as
SCA treatment), both phases are attacked in a different way
[35]. For this reason, it is possible to observe in the SCA-
treated samples a modification in the relative intensities of
the Ti peaks.

On the other hand, the peak at 260 =57° can be identified
as one of the characteristic signals in the XRD pattern of
rutile [36]. In Table 2, it is possible to observe the values
of area of this peak for the patterns corresponding to each
type of Ti6Al4V surface. These values show an increase in
the signal for samples treated by plasma and by immersion
in H,0,, but a decrease for the samples treated with SCA
compared to the value for pristine Ti6Al4V. This decrease
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can be justified by the reaction between the natural occur-
ring TiO, layer on Ti6Al4V and the sulfuric acid in SCA
solution [45]. On the other hand, the increase in the value
for plasma and peroxide treatments can be explained by the
formation of TiO, in the rutile phase during the procedure.
These results are in agreement with the values for the O/Ti
ratio obtained by EDX analysis (Table 1) and FT-IR (Fig. 1).

Water contact angle measurement

Table 3 shows the measurements of the water contact angle
for the treated and untreated samples. There is a highly sig-
nificant decrease in this parameter for the plasma-treated
samples, compared to the untreated ones. On the other hand,
SCA-treated samples were superhydrophilic and, therefore,
it was not possible to carry out the measurement of their
water contact angle (see supplementary material). This
behavior can be explained by the morphology of the surface
shown in Fig. 2d. Finally, H,O, samples are slightly more
hydrophilic than untreated ones, although this difference is
not statistically significant.

Analysis of the release of vanadium ions
The concentration of vanadium in the Ringer solution sam-

ples coming from the evaluation of untreated Ti6Al4V is
66 ppb, the value of this parameter is 31 ppb for hydrogen
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Fig.3 XRD patterns for all the analyzed samples

Table 2 Area of the rutile peaks

N Treatment Area of 20
at 260=>57° in the XRD patterns 57° peak
(calculated from raw data)

Untreated 545
Plasma 900
H,0, 1500
SCA 464

Table 3 Water contact angle of
treated and untreated Ti6Al4V
samples (**p <0.01 compared
to pristine Ti6Al4V samples)

Treatment Water contact angle

Untreated 101.98+10.54

H,0, 100.10£6.65
Plasma  76.34+7.40%*
SCA N/A

peroxide-treated samples, 63 ppb for plasma-treated ones
and 45 ppb for the group treated with SCA. Hallab et al.
[46] reported values of vanadium in the joint capsule of
122 ppb for control patients, 288 ppb for patients with well-
functioning total joint arthroplasty and 1514 ppb for patients
with poorly functioning total joint arthroplasty. As the high-
est values of released metallic ions can be found joint cap-
sule, these values are a useful reference for the concentra-
tion values expected in the surrounding liquid to a Ti6Al4V
implant, as the in vitro testing carried out during this study
aimed to simulate this environment in an accelerated way.
However, it is important to notice that those values reported
in the literature from in vivo sampling and the ones pro-
vided in this paper from in vitro testing cannot be directly

correlated. Nevertheless, these results are useful to evalu-
ate if the oxides created during the treatments enhance or
hinder the release of vanadium ions from the material with
the clinical implications associated with this phenomenon.
Regarding this issue, it is possible to conclude that none
of the treatments enhances the vanadium release compared
to the untreated Ti6Al4V group of samples, as the highest
concentration value was found for this blank group.

The passivation layer on Ti6Al4V plays a crucial role
in the corrosion processes [37] and, as a consequence, on
the release of metallic ions. According to the XRD and
elemental composition data previously shown, the surface
treatment that provides a higher level of oxidation is the
hydrogen peroxide one, as the rutile peak area in the XRD
evaluation and the O/Ti in the EDX elemental analysis are
the highest among the groups. This TiO, layer limits the
vanadium release as evidenced by the data provided in the
present study.

Cell viability evaluation and cell morphology
observation

The MTT absorbance values (Fig. 4) show an increase in cell
proliferation for H,0,- and plasma-treated samples, while
there is a significant decrease in cell attachment for the SCA-
treated samples. Similarly to the trend described by Aita
et al. [21] the cell attachment does not correlate with the
hydrophilicity of the surface, as the most hydrophilic group
of samples (Table 3) shows the lowest cell affinity. This lack
of cell attachment on the superhydrophilic surface of SCA-
treated samples could be explained by a poorer adsorption
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Fig.4 Absorbance obtained on 0.800
days 1, 3 and 5 for the differ-
ent treatments (*p < 0,05 and _
*%p < 0,01 compared to the 0.700
group of pristine Ti6Al4V)
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of adhesion-signaling extracellular proteins [47]. These
serum proteins involved in cell adhesion can be absorbed
on both hydrophilic and hydrophobic surfaces because of
their amphiphilic character. However, depending on the wet-
tability of the surface, the conformation they adopt can be
modified [48]. Because of this behavior, there is a maxi-
mum hydrophilicity that increases osteoblasts attachment
and, therefore, superhydrophilicity can limit the underlying

Fig.5 SEM pictures for differ- -
ent surface treatments: a pris-
tine Ti6Al4V, b H,0,, ¢ plasma

and d SCA at 2000x magnifica- L0
tion. Scale bar: 30 um o
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cell attachment processes. On the other hand, there is no
significant difference (p > 0.05) between plasma-treated and
peroxide-treated samples in terms of MTT absorbance. The
samples treated with peroxide show an increased rutile peak
in the XRD pattern (Table 2) and a higher O/Ti ratio on
the surface (Table 1). These data point out a higher level

of oxides. However, the contact angle is lower for plasma-
treated samples. As both treatments are equivalent in terms
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of in vitro cell attachment and spreading, it is possible to
conclude that both surfaces have physicochemical char-
acteristics that improve the affinity on the surface: one of
them because of its chemical composition and the other
one because of the change in the surface energy. Besides, it
is important to highlight that further research is needed in
order to take into account the effect of surface roughness on
the modification of the biological properties of these sam-
ples due to the treatment.

On the other hand, as it is possible to observe in the
pictures from SEM observation at day 5 of cell culture
(Fig. 5), the cells develop more philopodia when they grow
on plasma-treated and H,O,-treated surfaces than on pris-
tine Ti6Al4V surfaces. Besides, the cell density that is
observed in these pictures from SEM is consistent with the
quantitative MTT data, as the surfaces in Fig. 5b, ¢ (H,0,-
and plasma-treated ones) show a more densely populated
area than in Fig. 5a (pristine Ti6Al4V) and Fig. 5d (SCA-
treated surface).

Conclusions

This study provides evidence of the suitability of low-
pressure oxygen plasma as a treatment able to improve
the cell affinity of Ti6Al4V surfaces. On the other hand,
the comparison of results of this treatment with samples
treated with conventional chemical procedures (oxidizing
and acid etching) shows how the hydrophilicity is a key
parameter during the cell attachment of human osteoblasts,
as a parabolic correlation was found between the water
contact angle and the MTT absorbance at Day 1 of the
cell culture; hydrogen peroxide-treated parts show simi-
lar behavior in terms of cell adhesion, although surface
characteristics (water contact angle and rutile content) are
quite different. Due to the complexity of cell adhesion and
spreading processes, further research is needed in order to
deeper understand the role of each surface parameter in the
biological behavior of Ti6Al4V surfaces.
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