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Ti6Ta4Sn Alloy and Subsequent Scaffolding
for Bone Tissue Engineering

Yuncang Li, Ph.D., Jianyu Xiong, M.Eng., Cynthia S. Wong, Ph.D.,
Peter D. Hodgson, Ph.D., and Cui’e Wen, Ph.D.

Porous titanium (Ti) and titanium alloys are promising scaffold biomaterials for bone tissue engineering, because
they have the potential to provide new bone tissue ingrowth abilities and low elastic modulus to match that of
natural bone. In the present study, a new highly porous Ti6éTa45n alloy scaffold with the addition of biocom-
patible alloying elements (tantalum (Ta) and tin (Sn)) was prepared using a space-holder sintering method. The
strength of the Ti6Ta45n scaffold with a porosity of 75% was found to be significantly higher than that of a pure
Ti scaffold with the same porosity. The elastic modulus of the porous alloy can be customized to match that of
human bone by adjusting its porosity. In addition, the porous Ti6Ta4Sn alloy exhibited an interconnected porous
structure, which enabled the ingrowth of new bone tissues. Cell culture results revealed that human SaOS,
osteoblast-like cells grew and spread well on the surfaces of the solid alloy, and throughout the porous scaffold.
The surface roughness of the alloy showed a significant effect on the cell behavior, and the optimum surface
roughness range for the adhesion of the SaOS, cell on the alloy was 0.15 to 0.35 um. The present study illustrated
the feasibility of using the porous Ti6Ta4Sn alloy scaffold as an orthopedic implant material with a special
emphasis on its excellent biomechanical properties and in vitro biocompatibility with a high preference by

osteoblast-like cells.

Introduction

METALLIC BIOMATERIALS are widely used as load-bearing
implants for biomedical applications."” Human bone
tissue accepts some titanium (Ti) alloys well because of their
lower elastic modulus,>® superior biocompa’cibili’cy,6 and
better corrosion resistance than other metals such as SUS316L
stainless steel and cobalt-chromium-molybdenum alloy.®"
Pure Ti and some of its alloys such as Ti6Al4V and TiNi have
been used extensively as load-bearing implants.>”**'*> How-
ever, most metallic implant materials including pure Ti and Ti
alloys used today are in their solid forms and are often much
stiffer than human bone. The elastic modulus of Ti implants
ranges from 80 to 130 GPa,” which is higher than that of nat-
ural bone, which ranges from 0.1 to 30 GPa.'®'” This mis-
match of elastic modulus causes stress shielding, leading to
implant loosening and eventual failure.

The elastic modulus of Ti and Ti alloys can be reduced
through the introduction of a porous structure.'®** Moreover,
a porous structure may also provide new bone tissue in-
growth abilities and vascularization.”>"*” Based on the Gibson
and Ashby model,'® the most important structural charac-
teristic of a porous material that influences its elastic modulus
is the relative density (p/ps), which is measured according to

the density of the porous material (p) divided by that of the
solid material (ps). The elastic modulus of a porous metal is
proportional to the product of the elastic modulus of the solid
material and the square of its relative density. However,
lowering the relative density to meet the requirement of
the elastic modulus degrades the plateau stress of the porous
material at the same time. The plateau stress of a porous
material is proportional to the product of the yield stress of the
cell edge material and the relative density to the three-halves
power.'® Tt is reported that the strength of bone is 42 to
158 MPa in tension and 30 to 323 MPa in compression.'”2%%’
The compressive strength of porous pure Ti with a porosity of
80% is 25MPa.” The strength of porous pure Ti deceases
dramatically with the introduction of porosity and is lower
than that of natural bone. Therefore, to meet the requirements
of low elastic modulus and appropriate strength for implant
materials simultaneously, it is necessary to develop new
biocompatible Ti alloys that are stronger than those currently
available while providing low elastic modulus and adequate
strength when it is scaffolding into a porous structure.

In the present study, a new o/ titanium alloy (Ti6Ta4Sn)
was designed with the addition of a P stabilizer of tantalum
(Ta) and an o stabilizer of tin (Sn). It has been reported that the
alloying elements Ta and Sn are biocompatible metals.**">2
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The new Ti alloy is expected to provide high yield strength
because of the addition of Ta and Sn, which ensure the duplex
microstructure of the o/ phases.'’*'?? A porous Ti6Ta4Sn
alloy scaffold was prepared using a space-holder sintering
method using powder metallurgy. The mechanical properties
of the solid and porous alloys were evaluated using com-
pression tests. The in vitro biocompatibility of the solid and
porous Ti6Ta4Sn alloys was assessed using human SaOS,
osteoblast-like cells and rat fibroblast cells. The feasibility of
using the Ti6Ta45n scaffold as an orthopedic implant material
for bone tissue engineering was examined.

Experimental Materials and Methods
Preparation of solid and porous Ti6Ta4Sn alloy sample

Commercially available elemental metal powders of Ti,
Ta, and Sn (all with a purity of 99.8% and particle size of 325
mesh, Atlantic Equipment Engineers, Bergenfield, NJ) were
used as starting materials. Elemental metal powders with a
nominal composition of Ti6Ta4Sn (in atom percent) were
blended for 2h in a planetary ball milling machine at a
weight ratio (balls to powder) of 10:1 and a rotation speed of
100 rpm. The solid alloy samples were prepared by consoli-
dating the mixed metal powder into a green compact at
200 MPa and sintering at 1200°C for 5h.

To fabricate a porous Ti6Ta45Sn scaffold, the blended Ti6-
Ta4Sn powder was mixed with ammonium hydrogen car-
bonate (NH4HCO3) particles that were used as the space
holder. The mixture of the blended Ti6Ta45n powder and the
NH4HCO; particles was then cold compacted at a pressure of
200 MPa into green compacts. The compacts were sintered in a
vacuum furnace in two steps. The compacts were initially
sintered at 175°C for 2h to burn off the space holder. The
temperature was then raised to 1200°C and held for 5h to
sinter the porous structure of the Ti6Ta45n alloy. Control of
the porosity and pore size were attained by adjusting the
initial weight ratio of NH,;HCO; to the blended Ti6Ta4Sn
powder and the particle size of NH,HCO:;.

Solid and porous Ti6Ta4Sn alloy disc samples with a di-
ameter of 9mm and thickness of 2mm were cut from the
sintered products for microstructure and porous structure
characterization, phase analysis, and in vitro biocompatibility
assessments. Cylindrical samples with a diameter of 3mm
and height of 6mm for the solid alloy and a diameter of
9mm and height of 15 mm for the porous alloy were used for
the compression test to assess mechanical properties.

Microstructure characterization
and mechanical property testing

Characterization of the microstructure and phases of the
solid Ti6Ta4Sn alloy was performed on a disc sample. The
microstructure was observed using optical microscopy, and
the porous structure was examined using scanning electron
microscopy (SEM). The phases of the Ti6Ta4Sn alloy were
analyzed using x-ray diffraction. Disc samples with 6° of
surface roughness were prepared using silicon carbide papers
with different grits of 80, 240, 600, 800, 1200, and 4000 for
investigation of the effect of the surface roughness on the
cell behavior. The surface roughness of the disc samples
was measured using a surface profilometer (Form Talysurf
Intra 112/3477-01, Taylor Hobson Limited, Leicester, United
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Kingdom). Average surface roughness is defined as the
arithmetic mean of the deviation of the protrusions and de-
pressions of the roughness profile from the average line. The
surface roughness of the Ti6Ta45n alloy discs after grinding
with silicon carbide papers of 4000, 1200, 800, 600, 240, and 80
grits were 0.07,0.11, 0.16, 0.29, 0.43, and 1.69 pm, respectively.
To evaluate the mechanical properties of the solid and porous
Ti6Ta4Sn alloys, compression tests were performed at room
temperature and an initial strain rate of 10~%/s using an In-
stron universal test machine equipped with a video exten-
someter (Instron 5567, Norwood, MA).

Cell culture

Sa0S, osteoblast-like cells (a human osteosarcoma cell line
with osteoblastic properties) and rat fibroblast cells (Barwon
Biomedical Research, Geelong Hospital, Victoria, Australia)
were used in the present study. SaOS, cells were cultured in
minimum essential medium (MEM; Gibco, Invitrogen, Aus-
tralia) supplemented with 10% fetal bovine serum (Bovogen
Biologicals, Melbourne, Victoria, Australia), 1% nonessential
amino acid (Sigma-Aldrich, Castle Hill, New South Wales,
Australia), 10,000 units/ml penicillin-10,000 pg/ml strepto-
mycin (Gibco, Invitrogen, Melbourne, Australia) and 0.4%
amphostat B (Invitro, Auckland, New Zealand). The fibro-
blast cells were cultured in RPMI medium (Gibco, Invitrogen)
supplemented with 10% fetal bovine serum (Bovogen Biolo-
gicals, Victoria, Australia), 1% of 10,000 U of penicillin, and
10,000 pg/mL of streptomycin (Gibco, Invitrogen). Both cell
types were cultured at 37°C in a humidified atmosphere with
5% carbon dioxide CO,. The culture media were changed
every 3 days.

Cytotoxicity tests

The in vitro cytotoxicity of the Ti6Ta4Sn alloy samples was
assessed from their media extracts obtained based on the in-
ternational standard 15010993-5.3% Before extraction, speci-
mens were sterilized in 70% ethanol for 2 h in an orbital shaker
at 150 rpm and air-dried in a biohazard hood at room tem-
perature for 2 h. The specimens were then placed individually
in 48-well tissue culture plates (Greiner, Interpath, Victoria,
Australia), immersed in MEM at a ratio of 3.6 cmz/mL (the
surface area of disc to volume of medium), and incubated in a
humidified atmosphere with 5% CO, at 37°C for 3 days. The
discs were removed from the medium to obtain the extracts of
Ti6Ta4Sn alloy.

Sa0s; cells and rat fibroblast cells were separately seeded
in the different extracts, each at a density of 10,000 cells per
well. Cells were also seeded in the wells containing only the
medium and incubated for 3 days as a negative control. After
5 days of culture, cells were harvested using 0.1% trypsin-
5mM ethylenediaminetetraacetic acid (Sigma-Aldrich) and
collected. Cell counts were obtained using the trypan blue
exclusion method,* whereby dead cells were stained blue
and live cells remained clear. The cell viability was deter-
mined according to the ratio of live cells to the total number of
cells per sample.

Cell proliferation assay

Sa0S, cell proliferation and the density of cell attach-
ment on the solid Ti6Ta4Sn samples were evaluated using
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FIG.1. Nominal stress-strain
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3-(4, 5-dimethylthialzol-2-yl)-2, 5-diphenyltetrazolium bro-
mide (MTT) assay.” The assay is dependent on the cellular
reduction of MTT (Sigma-Aldrich), by the mitochondrial
dehydrogenase of viable cells, to a blue formazan product
that can be measured using a spectrophotometer. Briefly, 7
days after cell culture, Ti6Ta4Sn discs were transferred into
new 48-well plates. MTT solution (5mg/mL) was added to
each well in plates without and with discs and incubated for
4 h at 37°C. The formazan was then solubilized with acidified
isopropanol (0.04N of hydrochloric acid in isopropanol).
Optical density was measured using a spectrophotometer
(GENios Pro, Tecan, Mannedorf, Switzerland) at 570 nm.
Wells and Ti6éTa4Sn discs incubated with medium alone
were used as negative controls. A standard curve of known
viable cell numbers was used to calculate viable cell numbers
for each condition.

Cell morphology observation

The cell morphology of the SaOS, osteoblast-like cells on
surfaces of the solid Ti6Ta4Sn discs was observed using a
confocal microscope (Leica SP5, Leica Microsystems, Wet-
zlar, Germany) and SEM (Leica 440, Leica Microsystems).
For confocal microscopy observation, after cell culture, the
cell-seeded discs were fixed in 2% paraformaldehyde and
permeabilized with 0.2% (v/v) triton-X100 in phosphate
buffered saline (PBS; Sigma-Aldrich) each for 10 min at room
temperature. The discs were then incubated with 1% phal-
loidin and 4’-6-diamidino-2-phenylindole (DAPI) overnight
at 4°C. The discs were washed three times with PBS between
each of the steps mentioned above. The stained samples were
stored in PBS until required, and confocal microscopy ob-
servations of these samples were conducted within 1 week of
staining. For SEM observation, after cell culture, the cell-
seeded discs were fixed in 3.9% glutaraldehyde for 12 hrat
room temperature. Then the cells were dehydrated through
sequential washings in 60%, 70%, 80%, 90%, 95%, and 100%
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ethanol solutions for 10min at each step. After that, the
samples were chemically dried using hexamethyldisilazane®
and coated in gold for SEM observations.

In the present study, all cell culture experiments were
conducted in triplicate and results were expressed as means +
standard deviations. One-way analysis of variance (SPSS 14.0
for Windows software, SPSS, Inc., Chicago, IL) was applied
to determine the statistical significance of the differences ob-
served between groups. P < 0.05 was considered to be statis-
tically significant.

Results and Discussion

Mechanical properties and microstructure
of Ti6Ta4Sn alloy

The mechanical properties of the solid Ti6Ta4Sn alloy were
evaluated using a compression test. For comparison, the
compressive properties of pure Ti were also tested. The nom-
inal stress—strain curves of the Ti6Ta4Sn alloy and pure Ti
are shown in Figure 1a. The solid Ti6Ta4Sn alloy exhibited
a yield strength of 1250.2MPa and an elastic modulus of
115.2 GPa. It can be seen that the yield strength of the Ti6-
Ta4Sn alloy is significantly higher than that of pure Ti
(720 MPa), and the elastic modulus of the solid Ti6Ta45n alloy
is slightly higher than that of pure Ti (105GPa) and signifi-
cantly higher than that of natural bone (0.1 ~30 GPa).'”?° This
set of mechanical properties of the solid Ti6Ta4Sn alloy ne-
cessitates the scaffolding processing of the alloy.

The nominal stress-strain curves of the porous Ti6Ta4Sn
alloy and pure Ti are shown in Figure 1b. The plateau
stress and elastic modulus of the porous Ti6Ta4Sn alloy with a
porosity of 75% were approximately 62.0 MPa and 4.6 Gpa,
respectively; the pure Ti sample with a porosity of approxi-
mately 75% exhibited a plateau stress and elastic modulus of
25.0MPa and 2.9 GPa, respectively. It can be seen that the
plateau stress of the porous Ti6Ta4Sn alloy is significantly
higher than that of pure Ti with the same porosity level. The
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FIG. 2. Scanning electron microscopy (SEM) micrograph of
a porous Ti6Ta4Sn alloy with a porosity of 75%.

strength and the elastic modulus of the Ti6Ta4Sn with a po-
rosity of 75% are close to those of natural bone.”? Moreover,
the mechanical properties of a porous metal can be tailored
to mimic those of natural bone by altering the level of
porosity.'®#373% Therefore, the mechanical properties of
porous Ti6Ta4Sn can be customized to meet the specific re-
quirements of the implant material where it is needed.

The SEM micrograph of Ti6Ta45n alloy with a porosity of
75% is shown in Figure 2. The porous Ti6Ta4Sn alloy ex-
hibited an interconnected porous structure with open pores.
This feature is important because an interconnected open-cell
porous structure allows new bone tissue ingrowth and body
fluid transportation. The pore size of the porous Ti6Ta4Sn
alloy ranged from 200 to 500 pm. This pore size range is tai-
lored to impart the porous Ti6Ta45n scaffold with new bone
tissue ingrowth ability.**>’

The microstructure of the solid Ti6Ta4Sn alloy was
observed using optical microscope, and the phases were an-
alyzed using x-ray diffraction. The microstructure of the

FIG. 3. Microstructure of the Ti6Ta4Sn alloy showing a
duplex microstructure of a/f phases.
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FIG. 4. X-ray diffraction patterns of the Ti6Ta45n alloys.

Ti6Ta4Sn alloy is shown in Figure 3. The Ti6Ta4Sn alloy ex-
hibited a typical duplex microstructure consisting of o and
phases. o/ Ti alloys possess good comprehensive properties,
including high yield strength, excellent corrosion resistance,
and good fracture toughness."” The x-ray diffraction pattern
of the alloy is shown in Figure 4. Diffraction peaks attributable
to o and B phases from the pattern confirmed a duplex mi-
crostructure. This result is consistent with the microstructural
observation.

Cytotoxicity of TiSn4Sn

Another factor that plays an important role in ensuring a
successful implant material is the biocompatibility. To assess
the biocompatibility of the Ti6Ta4Sn alloy, in vitro assess-
ments were performed on the extract of the Ti6Ta4Sn alloy
using human SaOS, osteoblast-like cells and rat fibroblast
cells.

Proliferations for SaOS, osteoblast-like cells and fibroblast
cells were observed on the Ti6Ta4Sn alloy discs. Figure 5
shows the cell viabilities of the SaOS, osteoblast-like cells and
fibroblast cells after culture for 5 days in the medium pre-
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FIG. 5. Cell viabilities of SaOS, cells and fibroblast cells
after culture for 5 days in medium preconditioned with the
Ti6Ta4Sn alloy (*p < 0.05).
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conditioned with the Ti6Ta4Sn alloy. For the fibroblast cells,
the proliferation of the control group was 3.3 times the initial
amount, and that of the Ti6Ta4Sn alloy group was also 3.3
times the initial amount. The viabilities of the control group
and the alloy group were 87.3% and 87.6%, respectively. On
the other hand, the proliferation of SaO, cells in the control
group was 3.5 times the initial amount, and that of the
Ti6Ta45Sn alloy group was 4.4 times the initial amount. The
viabilities of the control group and the alloy group were 91.6%
and 92.0%, respectively. The cell viability of the Ti6Ta4Sn
alloy group was similar to that of the control group for both
types of cells, which means it had excellent biocompatibility.
It can be concluded that the Ti6Ta4Sn alloy is nontoxic and of
excellent biocompatibility.

The cell proliferations were similar in the control groups
for osteoblast-like cells and fibroblast cells (3.5 times) (Fig. 5).
However, the cell proliferation was better for the osteoblast-
like cells (4.8 times) than the fibroblast cells (3.5 times) in the
alloy group. The SaOS, osteoblast-like cells showed higher
proliferation than the fibroblast cells on the Ti6Ta4Sn alloy.
The proliferation rate of the fibroblast cells demonstrated
that the Ti6Ta45n alloy is biocompatible and may minimize
the formation of fibrous encapsulation between host tissue
and implant. Lower fibroblast adhesion and greater osteo-
blast adhesion on implants are critical criteria for a successful
enthesis tissue engineering material.>** This feature is of
great significance because the new alloy is designed for or-
thopedic implant materials.

Effect of surface roughness on the cell adhesion
and proliferation

In the present study, MTT assay to assess cell proliferation
was performed on the solid Ti6Ta4Sn alloy with different
surface roughnesses to determine the effect of surface
roughness on the cell behavior of SaOS, osteoblast-like cells.
Cells that have attached and grown on the surface of the
control well, cell-seeded alloy discs, and the wells that were
used to contain the discs were counted. “Disc + Well” refers to
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FIG. 6. Cell proliferation of the SaOS, cells on the solid
Ti6Ta4Sn alloy surfaces with different roughness (Well
+ Disc refers to the sum of the cell numbers seeded on the
alloy discs and their respective wells).
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FIG. 7. Adhesion density of SaOS, cells on the surface of
the Ti6Ta4Sn alloy with the different roughness after culture
for 7 days.

the sum of the cell numbers of seeded discs and their re-
spective wells. The cell proliferation on the Ti6Ta4Sn alloy
surfaces with different roughnesses are shown in Figure 6.
There was little variation in cell numbers on the surface of
wells that contain the alloy discs with different roughnesses,
although the surface roughness of the Ti6Ta4Sn alloy signif-
icantly affected the number of cells that attached and grew on
the alloy discs (p < 0.05), as shown in Figure 7. The alloy discs
with a surface roughness between 0.15 and 0.35 pm showed
an excellent cell proliferation rate (>180 cell/ mm?). The opti-
mal surface roughness ranged from 0.15 to 0.35 pm for oste-
oblast cell adhesion and proliferation, peaking at 0.2 pm, as
shown in Figure 7.

The ability of cells to attach and spread on Ti-based alloy
surfaces is a crucial parameter in implant technology. Surface
properties, such as composition, roughness, and texture of the
implant, greatly affect cellular behavior, proliferation, and
differentiation.** Deligianni et al.>! investigated the effect of
surface roughness of hydroxyapatite on human bone marrow
cell adhesion, proliferation, differentiation, and detachment
strength. They found that proliferation rates were signifi-
cantly lower on hydroxyapatite than on culture plate for all
surface roughness values tested, and cell adhesion, prolifer-
ation, and detachment strength were sensitive to surface
roughness and were greater with greater surface roughness
(0.73-4.68 pm).

Cell morphology observations

The SEM micrographs of SaOS, osteoblast-like cells on the
solid and porous Ti6Ta45Sn alloy after 7 days of culture are
shown in Figure 8. SaOS; cells attached, spread, and grew
well on the surfaces of the solid Ti6Ta4Sn alloy with a surface
roughness of 0.16 pm, as shown in Figure 8a. Figure 8b shows
the cell morphologies at higher magnification to provide a
closer observation of cell adhesion and spreading. Cells on
the porous Ti6Ta4Sn alloy were observed to spread well, both
on the edges of porous scaffold and inside the pores, as
shown in Figure 8c and d. The SaOS, cells grew over the
pores, bridging the pore edges (Fig. 8d). Extracellular matrix
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FIG. 8. SEM images show-
ing SaOS, cells attachment on
the solid (a) with low magni-
fication and (b) with high
magnification and porous
Ti6Ta4Sn discs (c) with low
magnification and (d) with
high magnification after cell
culture for 7 days.
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formation can also be found on the surface of the solid and
porous Ti6Ta4Sn alloy. These results indicate that the Ti6-
Ta4Sn alloy exhibited good biocompatibility. The results of
the cell morphology and attachment observation are consis-
tent with the results of the cytotoxicity assay.

Meanwhile, the SaOS, cells displayed different adhesion
and proliferation behaviors on the Ti6Ta4Sn alloy surfaces
with varying roughness. Figure 9 shows cell morphologies
and densities on the alloy surface with roughnesses of (Fig. 9a)
0.07, (Fig. 9b) 0.11, (Fig. 9¢) 0.16, (Fig. 9d) 0.29, (Fig. 9e) 0.43,
and (Fig. 9f) 1.69 pm. Cell culture on the alloy surface with
roughness of 1.69 um grew and spread along the protruding
strips with a claviform shape along the grinding grooves (Fig.
9f). For the cells seeded onto the alloy surface with lower
roughness (0.11-0.43 um), cells grew and spread in all direc-
tions, and cell adhesion was improved as more cells attached
on the surface (Fig. 9b—e). Although the alloy surface with the
smallest roughness (0.07 pm) showed less cell attachment,
cells grew and spread on the alloy surface in all directions
(Fig. 9a. The surface with lower roughness showed lower cell
adhesion. Surface roughness significantly affected cell at-
tachment and proliferation.

Boyan and Schwartz”? indicated that osteoblasts displayed
a flattened fibroblastic morphology when they were cultured
on a smooth surface (<0.2um, with the distance between
peaks >the length of the cell). If the surface roughness
was smaller than 2 pm and the distance between peaks was
less than the length of the cell, the cells were unable to flat-
ten and spread. The cells anchored on the surface via focal
attachments by cytoplasmic extensions to multiple peaks.
This forced the cell to assume a more osteoblastic morphol-
ogy. Chen et al.”® indicated that micro-grooved surfaces
with depths of approximately 10 pm, widths of 11 um, and
spacings of 20pm provided the best combination of cell
orientation and adhesion of human osteosarcoma cells to a
laser-textured Ti6Al4V surface. In the present study, cell cul-
ture results indicated an optimum surface roughness range
for the adhesion of SaOS; cell on the Ti6Ta4Sn alloy. It can be
concluded that surface roughness of an implant material has
a significant influence on cell adhesion and proliferation
for the newly designed Ti6Ta45n alloy. The cell morphology
and attachment observations confirms the MTT assay results
described above. Postiglione et al.>* and Saldana et al.”® have
also reported similar results.

Conclusion

A new Ti6Ta45n alloy for orthopedic implant materials
has been developed and investigated. The new alloy exhi-
bited an o/ duplex-phase microstructure and possessed the
high yield strength of 1250.2MPa and an elastic modulus
of 115.2GPa. The new alloy was further scaffolded into a
porous structure through a special powder metallurgical
process, which included the burn-off of a space-holder ma-
terial. The porous Ti6Ta45n alloy scaffold with a porosity of
75% displayed an interconnected porous structure, as well as
mechanical properties close to those of natural bone. The pore
size of the porous alloy ranged from 200 to 500 pm. SaOS,
osteoblast-like cells and rat fibroblast cells were used to assess
the in vitro biocompatibility of the new solid and porous
Ti6Ta45n alloys. Results indicated that the new alloy and its
porous scaffold possessed excellent biocompatibility, with a
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high preference for osteoblast-like cells. Surface roughness
was also found to affect cell adhesion and proliferation sig-
nificantly. There was an optimum surface roughness range
(0.15-0.35 pm) that the SaOS, osteoblast-like cells preferred to
attach, grow, and spread on the alloy. The new Ti6Ta4Sn alloy
scaffold had excellent mechanical properties, new bone tissue
ingrowth abilities, and excellent biocompatibility.
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