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Abstract One of the critical issues in the development of
novel metallic biomaterials is the design and fabrication of
metallic scaffolds and implants with hierarchical structures
mimicking human bones. In this work, selective laser
melting (SLM) and electrochemical anodization were
applied to fabricate dense Ti-6Al-4V components with
macro-micron-nanoscale hierarchical surfaces. Scanning
electron microscopy (SEM), 3D laser scanning microscopy
(3D LSM), contact angle video system, fluorescence
microscopy and spectrophotometer were used to investi-
gate the properties of the samples. The results reveal that
the SLMed post-anodization (SLM-TNT) exhibits
enhanced or at least comparable wettability, protein
adsorption and biological response of mesenchymal stem
cells (MSCs) in comparison with the three reference con-
figurations, i.e., the polished Ti-6Al-4V (PO-Ti64), the
SLMed Ti-6Al-4V (SLM-Ti64) and the polished Ti-6Al-
4V post-anodization (PO-TNT). The improved cytocom-
patibility of the samples after SLM and anodization should
be mainly attributed to the nanoscale tubular features,
while the macro-micron-scale structures only lead to slight
preference for cell attachment.
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1 Introduction

Among numerous titanium (Ti) alloys, Ti-6Al-4V is still
the most widely used one for biomedical applications, due
to its superb corrosion resistance, high strength-to-weight
ratio and good biocompatibility [1-4]. However, the fab-
rication of Ti-based implants is strongly limited by the
costly and multi-step processing of conventional tech-
niques [5, 6]. The additive manufacturing (AM) technolo-
gies, such as selective laser melting (SLM) and electron
beam melting (EBM), offer an effective layer-by-layer
approach to accurately fabricate customized implant com-
ponents with nearly any geometry [7]. Many porous Ti-
6Al-4V implants have been designed and fabricated to
mimic spongy bones with trabeculae. Porous Ti-6Al-4V
implants with 250-pm-sized pores, produced via SLM
process, have supported vessel ingrowth and bone forma-
tion [8]. EBM was applied for the fabrication of rationally
designed porous Ti-6Al-4V biomaterials with high
strength, low modulus and desirable deformation behavior
[9]. The low fatigue strength of porous Ti-6Al-4V com-
ponents produced via AM limits their applications as high
load-bearing implants [10], so dense AM components are
attracting increasing attentions. For example, Xu et al. [11]
obtained Ti-6Al-4V biomaterials with superior strength and
ductility by controlling o martensite decomposition during
SLM process.

AM can obtain metallic surface features at hundreds of,
or at best, tens of micron-scales. The resolution of AMed
metallic products is limited by the minimum line width of
powder fusing methods (usually tens of microns) [12].
Therefore, in order to improve the osseointegration of AM-
processed Ti-6Al-4V implants, surface features at sub-mi-
cron-scale or below are usually introduced via various
surface modification techniques [13]. Among these
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techniques, electrochemical anodization provides a cost-
efficient way to fabricate highly regular and controllable
self-assembled titanium oxide (TiO,) nanotube (TNT)
arrays on Ti-based biomaterials [14]. Electrochemical
anodization is usually applied to obtain nano-features on
AMed Ti-6Al1-4V components [15], and the TNT arrays on
AMed Ti-6Al-4V mesh structures have significantly
improved the expression level of proteins and promoted
bone formation [16]. It was reported that TNTs with a
diameter of 70 nm on Ti-6Al-4V substrates stimulate the
endothelial viability, adhesion and proliferation [17]. So
far, most of these studies focused on the anodization on
AM-processed porous Ti-6Al-4V implants as trabecular
bone substitution, instead of dense Ti-6Al-4V components
for high load-bearing applications [18]. Therefore, it is
warranted to evaluate the surface properties and cell
response of anodized AM-processed solid Ti-6Al-4V alloy.
Mesenchymal stem cells (MSCs) are non-haematopoietic
stromal stem cells and are capable of self-replication and
contributing to the regeneration of bone [19], so they were
chosen as model cells for the cytocompatibility assess-
ments in the present work.

The purpose of this study is to produce solid Ti-6Al-4V
components with hierarchical surface features by using
SLM and electrochemical anodization, and to investigate
the influence of the surface features at different scales on
the surface properties and cell responses.

2 Experimental

2.1 Sample preparation

Raw Ti-6Al-4V powders were commercially purchased
from EOS, Germany. The powders show good sphericity

and flowability (Fig. 1a) with average powder size of ~
35 pum (Fig. 1b). SLM (SLM solutions 125 HL) was used

Fig. 1 a SEM image and b size distribution of raw Ti-6Al-4V powders
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to prepare Ti-6Al-4V samples (10 mm x 10 mm x 2.5
mm) by using laser power of 150 W, scanning speed of
450 mm-s~', layer thickness of 0.03 mm and hatch dis-
tance of 0.45 mm. These SLMed samples show relative
density ranging from 98% to 99%. Selected SLMed sam-
ples were used as substrates for electrochemical anodiza-
tion. The samples were ultrasonically cleaned and then
anodized for 90 min in a two-electrode electrochemical
cell at a constant voltage of 20 V using a direct current
(DC) power supply. During anodization, the electrolyte
containing 0.5 wt% NH4F was continuously agitated by a
magnetic stirrer. After rinsed and dried, the anodized
samples were annealed at 450 °C for 2 h, in order to
increase biocompatible anatase phase instead of amor-
phous TiO,. As reference samples, Ti-6Al-4V extra low
interstitial (ELI) disks (supplied by BaoTi Group, Co.,
Ltd., China) were wire-electrode cut into the same size as
SLMed samples, followed by mechanical polishing with
50-nm SiO, polishing agent and ultrasonic rinsing in
deionized water. Selected Ti-6Al-4V ELI disks were then
anodized following the same above-mentioned anodization
process. The polished reference samples, the SLMed
samples, the polishing-anodization-processed samples and
the SLM-anodization-processed samples are termed to as
PO-Ti64, SLM-Ti64, PO-TNT and SLM-TNT, respec-
tively. All samples were sterilized by autoclaving prior to
biomedical tests.

2.2 Surface characterization

Field emission scanning electron microscope (FESEM,
JEOL JSM-6700F) was used for surface characterization. A
non-contact measurement using a three-dimensional laser
scanning microscope (3D LSM, VK-X260K, Keyence,
Japan) was employed to evaluate the surface roughness and
obtain a 3D surface topography of the specimens. At least
three samples were evaluated for each configuration, and
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three fields were acquired per group. The surface roughness
parameters, i.e., R, (arithmetical mean deviation of the
profile, ISO 4287-1997) and R, (maximum height of the
profile, ISO 4287-1997), were calculated by VK analyzer
software (Keyence, Japan) according to the standard—IJIS
B 0601:2001 (ISO 4287:1997).

2.3 Initial static contact angle

The wettability studies were performed by a contact angle
video system DSA 100, Kriiss, Germany. An equal volume
of distilled water (5 pl) was placed at the sample surface of
the samples using a microsyringe. The initial static water
contact angle was immediately measured when the water
droplet was deposited on the membrane surface, which
better reflects the natural wettability of the material sur-
face, and the measurements were done at least three times.

2.4 Protein adsorption assay

In this study, bovine serum albumin (BSA), fraction V
(Sigma, purity of 99.8%) was used as the model protein,
and phosphate buffer solution (PBS, K,HPO4/KH,PO4,
100 m-mol-L™", pH 7.4) was used for the protein solution
preparation. The specimens were incubated into the
1 mg-ml™" protein solution and maintained in a sterile
humidified incubator at 37 °C for 2 h. Afterward, PBS was
used to remove the unbound proteins by washing the
samples three times. Then each sample was removed to a
new well. The proteins adsorbed on the samples were
eluted after 1-h incubation at 37 °C (at least three samples
were used for each configuration) by 2% sodium dodecyl
sulfate (SDS) and determined by a protein assay kit (Pierce,
BCA Protein Assay Kit, Rockford, Illinois, USA). The
analysis was performed by using a microplate reader at
570 nm. Each protein concentration was calibrated by a
standard curve with bovine serum albumin.

2.5 Cell isolation and culture

Rat bone mesenchymal stem cells (MSCs) were isolated
from the bone shaft of the femora of 4-week-old rats and
primarily cultured using the method described by Maegawa
et al. [20]. The cells were obtained from at least two rats
and pooled, and then seeded in a 25-cm? tissue culture flask
with the Dulbecco’s modified eagle medium (DMEM)
containing 10% fetal bovine serum (FBS) and antibiotics
(100 U-ml™" penicillin G, 100 mg-ml~" streptomycin sul-
fate and 0.25 mg-ml~" amphotericin B) and maintained in
a humidified atmosphere containing 95% air and 5% CO,
at 37 °C. The medium in primary cultures was renewed
every 2 days. At 80% confluence, the rat MSCs were
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harvested with trypsin/EDTA, and used for following
experiments.

2.6 Initial cell adhesion

The initial cell adhesion was evaluated by fluorescence
microscope (Nikon SMZ 1000, Japan). The MSCs were
seeded onto the samples pre-loaded in 24-well plates at a
density of 1 x 10* cells per sample. After incubation for
2 h, non-adhered cells were removed by rinsing with PBS.
Thereafter, the attached cells on the samples were stained
with calcein and observed under fluorescence microscope.
Cell number was quantified from five random fields.

2.7 Cell morphology by SEM

After 2-h culture, the adhered cells on substrates were
washed with PBS and fixed with 4% paraformaldehyde for
0.5 h. Then, the samples were washed with PBS and then
dehydrated through a gradient series of ethanol (10, 30, 50,
70, 80, 90, 95, 100; vol%) for 10 min in each solution.
Finally, the dried samples were gold-sputter coated for 60 s
and then characterized by SEM.

2.8 Cell proliferation

Cell proliferation was evaluated by 3-(4, 5-dimethylthia-
zol-2-yl)-2, 5-diphenyltetrazoliumbromide (MTT) assay.
MTT was reduced by succinate dehydrogenase in the
mitochondria of live cells to insoluble blue crystals (For-
mazan), and the amount of formazan formed was propor-
tional to the number of live cells [21]. MSCs were seeded
on the samples with a density of 5 x 10* cells/well in a
24-well plate. The fresh media was renewed every 2 days,
and the number of cells was determined after 24, 72 and
120 h. The MTT solution (5 mg-ml~" in PBS, 50 ul) was
added to each well containing 500 pl culture media and
incubated for 4 h at 37 °C. Then, the blue formazan reac-
tion product was dissolved by 500 pl dimethyl sulfoxide
(DMSO) and transferred to a 96-well plate. The absorbance
of each well was evaluated at 490 nm using a microplate
reader.

2.9 Statistical analysis

SigmaStat package (Systat software GmbH, Erkrath, Ger-
many) was used for statistics analysis. Standard analysis
comparing more than two treatments was done by using the
one-way ANOVA (analysis of variance). Depending on the
data distribution, either a one-way ANOVA or an ANOVA
on ranks was performed. Post hoc tests were Holm—Sidak
or Dunn’s versus the control group, respectively. Statistical
values were indicated at the relevant experiments. A
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statistical probability (p)< 0.05 was considered statistically
significant.

3 Results
3.1 Surface characterization

Figure 2 shows the surface microstructures of PO-Ti64,
SLM-Ti64, PO-TNT and SLM-TNT samples at both low
and high magnifications. PO-Ti64 exhibits a flat polished
surface without apparent features (Fig. 2a). As shown in
Fig. 2b, SLM-Ti64 presents a typical SLMed surface with
“ridge and valley” structures, with melt-pool boundaries
lying along them. The distance between the adjacent ridge
and valley is about 220 pm, which is almost half of the
hatch distance. Higher magnification micrograph confirms

Fig. 2 SEM images of a PO-Ti64, b SLM-Ti64, ¢ PO-TNT and
d SLM-TNT
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that the distance between adjacent melt-pool boundaries is
about 2—4 pm. PO-TNT shows a flat surface at low mag-
nification, but the high magnification image reveals that the
surface of PO-TNT is composed of TNT arrays with
average nanotube diameter of ~ 60 nm (Fig. 2c). SLM-
TNT exhibits similar surface morphology as SLM-Ti64 at
macro-scale, but at nanoscale, vertically aligned TNT
arrays with the same nanotube diameter (~ 60 nm) are
observed (Fig. 2d). It is important to note the presence of
cracks along the melt-pool boundaries on the SLM-TNT
sample.

The 3D LSM was employed for topographical analyses
and roughness measurements. Figure 3 shows 3D topo-
graphic images of PO-Ti64, SLM-Ti64, PO-TNT and
SLM-TNT samples over an area of 710 um x 530 pm,
and their roughness parameters are presented in Table 1.
Both PO-Ti64 and PO-TNT show smooth surface with
relatively low R,, but the latter exhibits slightly higher R,
than the former. The topographical relief of SLM-Ti64 and
SLM-TNT samples seems comparable as presented in
Fig. 3b, d, and there are no significant differences between
the roughness parameters of these two configurations.

Figure 4 shows the initial static water contact angle
measurements. Although all the samples show hydrophilic
surfaces with contact angles lower than 90°, the two ano-
dized groups exhibit significantly lower apparent contact
angles (about only 10°) than the un-anodized samples.

3.2 Protein adsorption, cell adhesion and proliferation

Figure 5 presents the amounts of protein adsorption on PO-
Ti64, SLM-Ti64, PO-TNT and SLM-TNT samples. After
incubation for 2 h, the amount of BSA adsorbed onto PO-
Ti64 is only about 35-60 pg-ml~" which is comparable to
that onto the SLM-Ti64 but is only half of that onto PO-
TNT. Generally, anodized samples absorb significantly
more protein than un-anodized samples, but no significant
difference is noticed between the amount of protein
adsorbed on PO-TNT and SLM-TNT samples.

The numbers of MSC adhered on PO-Ti64, SLM-Ti64,
PO-TNT and SLM-TNT samples after incubation for 2 h
are shown in Fig. 6. Generally, the number of MSCs
adhered on anodized surfaces is 1.5-2.0 times larger than
those on PO-Ti64 and SLM-Ti64 samples. Although it
seems that the average number of cells adhered on SLM-
Ti64 is higher than that on PO-Ti64, the difference is not
significant.

Figure 7 shows the morphology of MSCs cultured for
2 h on various substrates. MSC on PO-Ti64 shows a flat-
tened morphology, and at higher magnification, evident
formation of filopodia anchored to the surface is observed
(Fig. 7a). The cell on SLM-Ti64 shows similar spreading
level to that on PO-Ti64, but the high magnification image
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710 pm
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Fig. 3 Surface topographic 3D views over an area of 710 um x 530 pm of a PO-Ti64, b SLM-Ti64, ¢ PO-TNT and d SLM-TNT (color scale of

each profile representing height of peaks on surface)

Table 1 Roughness parameters on studied surfaces (pm)

Roughness PO-Ti64 SLM-Ti64 PO-TNT SLM-TNT
R, 0.489 0.876 0.681 0.929
R, 4.5 200.3 11.5 195.5

shown in Fig. 7b reveals that MSC on SLMed surface
extends more filopodia lying perpendicular to melt-pool
boundaries, and the filopodia are more intimately associ-
ated with the surface in comparison with MSC on the PO-
Ti64. Figure 7c, d shows that the cells adhered on PO-TNT

73.91° +3.94°

10.88° +2.01°

and SLM-TNT samples are extended with a polygonal
shape attached tightly to the substrates, and the cell on
SLM-TNT tends to spread perpendicular to melt-pool
boundaries. In addition, nanoscale lateral membrane pro-
trusions emanating from the cell body and the filopodia are
presented at high magnification, and these nanoscale lateral
membrane protrusions seem to extend along and mold the
nanotube walls of both anodized groups. It should be noted
that Fig. 7 only represents the spreading from a single cell
for each group, not the division and proliferation of the
number of cells.

68.39° £ 4.54°

11.25°+£1.78°

Fig. 4 Initial static water contact angles and droplet images of a PO-Ti64, b SLM-Ti64, ¢ PO-TNT and d SLM-TNT

Rare Met. (2018) 37(12):1055-1063
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Fig. 5 Protein absorption on samples after 2-h incubation in PBS

containing 1 mg-ml~! BSA

6 * p<0.05vs. PO-Ti64
#: p <0.05 vs. SLM-Ti64 #

#
T
| 7

Iy

Cell number / (10° cells-cm™2)
w

PO-Ti64  SLM-Ti64 PO-TNT  SLM-TNT

Fig. 6 Cell counting using calcein staining after culturing for 2 h on
the different substrates

Cell proliferation is assessed by MTT as presented in
Fig. 8. MSCs show a time-dependent growth pattern on all
the samples, i.e., a significantly higher MTT absorbance of
MSCs is observed for each configuration with longer
incubation time. The cell proliferation after culturing for
24 h on various substrates does not show discernible dif-
ference, but after cell culture for 72 and 120 h, the cell
proliferation is significantly improved on the two anodized
groups than on PO-Ti64 and SLM-Ti64 samples. In addi-
tion, the cell number on SLM-TNT is obviously larger than
that on PO-TNT samples after incubation for 120 h.

4 Discussion

Bone is a 3D inhomogeneous tissue with unique features
from macro- to nanoscales [18]. Therefore, ideally metallic
implants should have similar hierarchical structures at
multiple scales. In this work, a triple-scale hierarchical
surface has been obtained via SLM and electrochemical
anodization techniques, while polished surfaces, SLMed
surfaces and polished surfaces post-anodization are also
fabricated as references.

@ Springer

Fig. 7 SEM images of MSCs on a PO-Ti64, b SLM-Ti64, ¢ PO-TNT
and d SLM-TNT where flopodia are indicated with arrows

0.5  ©Z4PO-Tic4
g Y SLM-Ti64
S = PO-TNT
S 04 HHHSLM-TNT
5
%‘ 03 F
5
o
F02r .
0.1 ?
RNSE
24h 72h 120 h

Fig. 8 MSCs proliferation on different substrates after 24-, 72- and
120-h culture ("p < 0.05 vs. PO-Ti64 (72 h); Ap < 0.05 vs. SLM-
Ti64 (72 h); *p < 0.05 vs. PO-Ti64 (120 h); “p < 0.05 vs. SLM-Ti64
(120 h); #p < 0.05 vs. PO-TNT (120 h))
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Figure 9 shows a schematic diagram of the hierarchical
structure of SLM-TNT samples. Generally speaking, the
SLM-TNT samples exhibit macro-micron-nano-surface
features. At the macro-scale, the “ridge and valley”
structures of SLM-Ti64 and SLM-TNT samples show a
topographical relief at hundreds of micron-scale (Figs. 2, 3,
9). These results are partially in agreement with the widely
accepted statement that SLM is only suited for the pro-
duction of the structures at the millimeter- or sub-mil-
limeter-scale [12]. Since the average powder size is around
35 um as presented in Fig. 1, it is reasonable to observe
that the surface features below tens of micron-scale can
hardly be obtained only via SLM. However, Fig. 2b, d
shows the melt-pool boundaries with track distance of
2—4 pm on the two SLMed groups. Although these melt-
pool boundaries exhibit length of more than hundreds of
microns, they still can be viewed as micron-scale features,
because in this case, the melt-pool boundaries may act as
aligned textures with micron-scale spaces. Such structures
would inevitably increase the specific surface area and thus
affect the surface properties. At nanoscale, the formation of
nanotubular structures on the surface of SLM-TNT is also
influenced by these melt-pool boundaries. Compared with
PO-TNT, SLM-TNT samples show cracks on the surfaces
(Fig. 2d). As illustrated by Mor et al. [22], the formation of
TNT array starts from the small pits on the oxide layer of
Ti. The pits grow further into the substrate and are always
perpendicular to the Ti surface. In this work, TNT arrays
grown on the surface with high curvature may peel from
the surface, because of the lack of substrate underneath
these TNT arrays. Consequently, the cracks are usually
found around the melt-pool boundaries. Nevertheless, the
formation of these micro-cracks along melt-pool bound-
aries does not lead to apparent changes at macro-scale
topography and roughness, as shown in Fig. 3 and Table 1,
respectively.

Nano-scale

Micron-scale

Macro-scale

T

Ridge ‘ ‘

Ti-6Al-4V
1 substrate

Valley | ~430mm

Fig. 9 Schematic diagram of hierarchical structure of SLM-TNT
sample
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As stated above, SLM-TNT exhibits a triple-scale sur-
face, so the surfaces of PO-Ti64, SLM-Ti64 and PO-TNT
can be categorized as non-features, macro-micron-scale
features and nanoscale features, respectively. Mohammed
et al. [23] stated that a thin but dense oxide layer is always
formed on the surface in a very short time when exposing
Ti alloys to the air, so it is obvious that the surface
chemical compositions of all samples are the same, i.e.,
TiO,. Therefore, the difference in surface topographical
structures may have played a dominant role in determining
the surface hydrophilicity and cytocompatibility.

The interactions between biomaterials and surrounding
tissues start from the displacement of water from the
interface, followed by the adsorption of a protein layer
[24, 25], so the wettability and BSA adsorption have been
evaluated before performing the cell assessments in this
work. Figures 4 and 5 reveal that both contact angles and
the protein adsorption are highly dependent on the nanos-
cale features, but not sensitive to the macro-micron-scale
structures. However, these results are not in accordance
with the generally accepted knowledge. Firstly, according
to the classical theory reported by Wenzel [26], the surface
roughness of a homogeneous solid surface affects the
apparent contact angle (8,,,) as follows:

c080ypp = Ry, cos Oy (1)

where R,, is the surface area ratio, relating to the surface
roughness, and Oy is the Young contact angle which is the
equilibrium contact angle of ideal smooth surface. In this
study, PO-Ti64 shows a flat and smooth surface without
obvious features, so Oy is around 74°, as shown in Fig. 4a.
According to Eq. (1), when 6y < 90°, a decrease in the
experimental contact angles with roughness growing can
be predicted. However, SLM-Ti64 and SLM-TNT samples
exhibit comparable R, and R,, but the apparent contact
angles of the former are almost six times higher than those
of the latter. Such a result should be attributed to the
nanotubular structures on anodized samples. The Young’s
contact angle (fy) is only determined by the surface free
energy. The anodization leads to a geometric increase in
the surface area ratio, thus significantly influencing the
surface free energy. Consequently, 0,,, of SLM-TNT
cannot be correctly predicted when taking 0y of the un-
anodized samples. Secondly, it is widely considered that
hydrophobic surfaces are preferred for protein adsorption
[25]. Nevertheless, the two anodized samples, exhibiting
much lower contact angles, show significantly enhanced
BSA adsorption in comparison with PO-Ti64 and SLM-
Ti64 specimens. Such a result is also due to the nanoscale
features of PO-TNT and SLM-TNT samples. On the one
hand, the thin walls of TNT arrays might be preferential
adsorption sites for BSA. On the other hand, TNT arrays
can act as chemical carriers for drug delivery [27], so it is
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reasonable to assume that higher amount of BSA is
adsorbed into, instead of onto, nanotubes.

The cell responses to the various substrates are evalu-
ated via cell adhesion and proliferation assessments
(Figs. 6, 7, 8). In general, SLM-Ti64, PO-TNT and SLM-
TNT exhibit enhanced or at least comparable cytocom-
patibility compared to the commercially available PO-
Ti64, suggesting the satisfactory biocompatibility of all
samples. Initial cell adhesion is a critical step that deter-
mines the ultimate fate of the cell, such as the proliferation
and differentiation [28]. Considering the dominant role the
protein adsorption plays in modulating cell attachment, the
significantly improved cell adhesion on the anodized sur-
faces, showing higher amount of protein adsorption, is not
unexpected. As revealed in Fig. 7, the filopodia seem to be
preferential to spread perpendicular to the micron-scale
melt-pool boundaries on SLM-Ti64 and SLM-TNT sam-
ples, which is in accordance with the previous investigation
about the cell fate on the aligned micro-textures [29]. In
addition, the lateral membrane protrusions of MSCs on PO-
TNT and SLM-TNT samples demonstrate the improved
cytocompatibility, resulting from the nanoscale features. It
is not unexpected that the anodized groups are preferential
for cell proliferation after incubation for 72 and 120 h,
because TNT arrays with nanotube diameters lower than
70 nm can accelerate cell proliferation [30, 31]. It should
be noted that after cell culture for 120 h, the cell prolif-
eration on SLM-TNT is significantly higher than that on
PO-TNT samples, suggesting that a macro-micron-nanos-
cale surface may be preferred for long-time implantation.

5 Conclusion

This work aims at understanding of the surface properties
and cell response of the macro-micron-nanoscale SLM-
TNT samples, and comparing the influence of the different
scale structures on the surface roughness, hydrophilicity
and cytocompatibility. The results suggest that SLM can
produce a double-scale-featured surface with micron-scale
melt-pool boundaries lying on the macro-scale “ridge and
valley” structures. The subsequent electrochemical
anodization can further fabricate TNT arrays on the sur-
face, while cracks are formed on the places with high
curvature. After comparing SLM-TNT samples with the
three reference groups, it is concluded that although the
nanoscale features do not lead to significant change in the
surface topography and surface roughness, it should be
responsible for the better wettability, enhanced protein
adsorption and the improved cell adhesion and prolifera-
tion. In contrast, the macro-micron-scale structures only
slightly improve the cell attachment on the materials. The
better performance of the SLM-TNT compared with SLM-

@ Springer

Ti64 demonstrates the great potential to apply electro-
chemical anodization for improving the cytocompatibility
of dense AMed Ti implants.
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