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Formation of highly adherent nano-porous
alumina on Ti-based substrates: a novel bone
implant coating
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Thin, nano-porous, highly adherent layers of anodised aluminium formed on the surface of
titanium alloys are being developed as coatings for metallic surgical implants. The layers are
formed by anodisation of a 1-5 um thick layer of aluminium which has been deposited on
substrate material by electron beam evaporation. The surface ceramic layer so produced is
alumina with 6-8 wt % phosphate ions and contains ~ 5 x 108cm ~2? pores with a ~ 160nm
average diameter, running perpendicular to the surface. Mechanical testing showed the
coatings’ shear and tensile strength to be at least 20 and 10 MPa, respectively. Initial cell/
material studies show promising cellular response to the nano-porous alumina. A normal
osteoblastic growth pattern with cell number increasing from day 1 to 21 was shown, with
slightly higher proliferative activity on the nano-porous alumina compared to the
Thermanox control. Scanning electron microscopy (SEM) examination of the cells on the
porous alumina membrane showed normal osteoblast morphology. Flattened cells with
filopodia attaching to the pores and good coverage were also observed. In addition, the pore

structure produced in these ceramic coatings is expected to be suitable for loading with
bioactive material to enhance further their biological properties.
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1. Introduction

Approximately 200 000 hips are replaced each year in the
United States alone and as life expectancy and the
activity levels of an ageing population increase [1] this
number will continue to grow [2]. At present, most
replacements are performed using cemented designs.
However, despite their success and popularity there are
still significant problems associated with their use. After
15 years of post-operative use, 15-25% of devices have
failed requiring costly and traumatic revision surgery [2].
Implant loosening is evident in 20% of cases by five
years post-operatively and 30% by 10 years [3] and is
commonly associated with failure occurring because of
inadequate bonding between implant and bone.

To overcome this problem attempts have been made to
produce cementless implant designs in which the
implants are coated with bioactive ceramic materials
such as hydroxyapatite and bioglass thereby allowing
direct bonding between the coating and the bone [4].
Higher interfacial stiffness and strength is achieved with
a direct bond between bone and bioactive material than is
achieved through the fibrous interface that forms
between bone and non-bioactive materials [5,6].
However, to date such implants have had only limited
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success because either the hydroxyapatite itself is weak
[7] or it is inadequately bonded to the metallic implant
[7-10]. In each case, the problem of the generation of
wear particles stimulating aseptic loosening and/or
resorption as a result of immune response [11] and the
consequent failure of the implant still arises. Cementless
designs have also been developed where bone attachment
is achieved mechanically by bony in-growth into pores of
100400 ym diameter formed in metallic coatings.
However, in this case there are problems associated
with the strength of the porous material [8]. Porous
implants and implant coatings have a high surface area
which may facilitate the leaching of ions from the
implant into the body [12]. Currently, cementless
implants have no better long-term survivability than
cemented [13].

There is thus a need to produce non-metallic coatings
on metallic implant materials with improved mechanical
properties and bioactivity sufficient to promote bone
adhesion so that micro-movements are suppressed.
Titanium and its alloys as the most biocompatible
metallic biomaterials [14-17], and having elastic
modulus most similar to bone of all metals [16, 17] are
ideal substrate materials for the coating.
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Anodisation is a widely used commercial process and
is a low cost method of producing corrosion resistant
aluminium parts [18, 19], such as window frames. It has
the effect of covering the metallic aluminium with a
strongly adherent surface layer principally composed of
ceramic alumina (Al,O3). Anodisation is carried out at,
or near, ambient temperatures, in contrast to many of the
present methods of producing ceramic coatings on
implant materials which often deposit the coating at
high temperature (e.g. plasma spraying) or require a high
temperature densification stage (e.g. electrophoretic
deposition). Low temperature processing is desirable
since it avoids problems associated with differences in
thermal expansion of the substrate and coating which can
lead to the cracking of the coating with a consequent loss
of mechanical properties [7]. High temperatures can also
degrade the mechanical properties of the implant
material by phase transformation and grain growth [7].
Alumina has proved successful as a dental and
orthopaedic implant material [20,21] and has excellent
biocompatibility and corrosion resistance [22,20].
Alumina has also been used coated with HA and bioglass
[23-28] for example, for hip replacement.

In the present work, we have used a simple deposition
and anodisation process to produce a highly adherent,
nano-porous alumina coating on titanium alloy implants.
In addition, primary human osteoblast-like (HOB) cells
were cultured on alumina membranes with similar
chemical composition and surface morphology to the
coating in order to determine how bone cells are likely to
respond to the implant coatings.

Nano-porous alumina coatings formed by anodisation,
similar to those studied here, are also under investigation
as a new generation of implants for radiotherapy and
drug delivery. In particular, this technology is being
developed for implants such as stents to deliver local
radiotherapy to surrounding soft tissue using radioactive
molecules bound into the pores of the alumina coating
[29].

2. Materials and methods

2.1. Anodised aluminium

The anodised aluminium layers used in the present work
are typical of those produced when aluminium is
anodised in certain acid electrolytes. Under these
conditions a porous surface layer of oxide is formed.
The pores in the oxide layer are roughly cylindrical and
are often arranged in an approximately hexagonal close
packed array such that each pore extends from the
surface of the oxide layer towards the underlying
aluminium [30]. The pores are roughly parallel to each
other and run perpendicular to the layer surface. At the
base of each pore is a thin barrier layer of oxide
separating the pore from the metallic aluminium under-
neath, see Fig. 1. As the anodisation process continues,
oxidation of the aluminium occurs at the boundary
between the oxide and the aluminium and is accom-
panied by electric field enhanced dissolution of the oxide
layer at the base of each pore. In this way, the pores get
longer and the porous film thicker as the remaining
metallic aluminium is gradually thinned. The porous
oxide layer so produced is not pure alumina (Al,O5) but
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Figure 1 A schematic cross-sectional diagram of the structure of
porous anodised aluminium.

contains some of the ions present in the electrolyte used
for the anodisation [31,32]. It is found that the porous
films produced are highly hydrophilic, show low protein
binding and are stable in most liquids with pH in the
range 3-9.5 (see for example, 33).

For some metals, including Ti and some titanium
alloys, anodisation usually results in the growth of a
dense, non-porous, oxide layer. As the anodisation
process progresses on these metals the oxide layer
thickens and ion transport through it slows until the layer
is so thick that further oxidation effectively stops.
Anodisation of Ti—-6A1-4V has been shown to increase
its corrosion resistance in a physiological solution
simulating the environment in the human body [34] by
creating a thick oxide film on the surface. In the present
work, phosphoric acid was used as the electrolyte
allowing anodisation to be carried out at high voltages
without excessive current flow and heat evolution [35].
This anodisation produces larger diameter pores than is
possible using other electrolytes. Under these conditions,
the alumina contains 68 wt % phosphate ions [31] and
the phosphate ion distribution is such that the pore walls
are relatively rich in phosphate while the alumina regions
away from the pore walls are relatively pure [36].

Two different types of anodised aluminium layers
were used for experimental characterisation in this work.
The first were prepared directly on titanium alloy
substrates and were used to test the mechanical proper-
ties of the layers and their attachment to the substrates.
The second were freestanding alumina membranes
obtained from Whatman, Maidstone, Kent, England
which were used to determine cell response. For both
types of anodised aluminium layers, the anodisation
procedure was carried out at 160 V in phosphoric acid
(0.4M) to produce pores ~ 160-200nm diameter. In
each case the production of the porous layer proceeds by
anodisation occurring at the interface between a pure Al
layer and the electrolyte. Since the anodisation condi-
tions and electrolyte were the same during the production
of the membranes and during the anodisation of the
coatings it is expected each will have similar chemical
composition and that similar cell behaviour will be found
on the nano-porous Al,O; surface coatings compared to
the free standing membranes. However, it should be
noted that the anodisation process used to produce the
membranes, which are 60 pm thick, takes longer than
that for the coatings of thickness 1-5pum. This extra
processing time results in the pores in the membrane



Figure 2 SEM micrograph of a commercial anodised aluminium oxide
membrane used for the cell culture experiments.

having diameters of approximately 200 nm whereas in
the coatings they are ~ 160 nm. Fig. 2 shows the surface
topography of an alumina membrane.

2.2. Specimen preparation

Anodised aluminium layers were produced on substrates
of the titanium alloy Ti—-6Al-4V and also on pure Ti.
These substrates were chosen since they are used in the
manufacture of surgical implants. The samples were
prepared according to the following procedure.

2.2.1. Production of aluminium layers

Discs with a diameter of 20mm were cut from 2 mm
thick Ti—6A1—4V sheet. The discs were then polished to a
mirror finish on one side using 6 pm diamond paste and
then thoroughly cleaned, dried and rinsed in acetone. An
Edwards Coating System E306A electron beam eva-
porator was used to deposit aluminium layers 1-5pm
thick on the polished surfaces while the specimens were
held under vacuum at either room temperature or 300 °C.
The beam voltage was 5kV and deposition rates of
approximately 1 nms~! were used.

2.2.2. Anodisation

Samples coated with aluminium layers were prepared for
anodisation by making electrical contact to the backside
of the discs. The specimens were then mounted in a
reaction vessel such that a 1260mm? area of the
aluminium layer was exposed to the electrolyte and
subsequently anodised. Anodisation was carried out in
0.4 M phosphoric acid electrolyte held at 15°C and the
applied voltage was ramped up to 160V starting at 10 V
and increasing by 4V every 5s. The voltage was
gradually increased in this way to prevent electrical
breakdown of the oxide. Prevention of oxide breakdown
was also aided by maintaining vigorous stirring
throughout the course of the experiment. The inter-
electrode distance was 70 mm. When using phosphoric
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Figure 3 Anodisation current vs. time for 1260 mm? of Al deposited
onto a pure Ti substrate and exposed to 0.4 M phosphoric acid.

acid electrolyte it has been reported [37] that the pore
diameter increases by 1 nm for every volt applied and the
cell spacing increases by 2.5nm per volt. Thus for the
anodising voltage of 160V used in this work, the pore
diameters were ~ 160nm with a corresponding pore
density of ~ 5x 10® cm =2 as measured by SEM.

The applied potential and resulting current were
controlled and monitored by computer. The 160V
anodisation potential was maintained until the anodising
current had dropped to a sufficiently low value, usually
less than 1 mA cm ~ 2, which is typical of the anodisation
of uncoated Ti—6Al-4V substrates, Fig. 3. At this point, it
was assumed that all the aluminium had been anodised
and the anodisation process was stopped.

Additionally, pure Ti, Ti—6Al-4V, 316L stainless
steel, and cobalt chrome alloy substrates not covered
with a layer of aluminium were also exposed to this same
anodisation procedure for comparison.

2.3. Mechanical properties

In order for the shear and tensile strength of the coatings
to be measured, well defined areas of coating were glued
onto steel test pieces and tested to failure at a constant
strain rate of 6 mm/min, using a Mayes DM30 tensile test
machine fitted with a Rubicon digital control system. The
adhesive used was EPX 37/50 available from 3M.
Standards have been developed for testing the mechan-
ical properties of coatings in both shear and tension
(ASTM F1044-95 and ASTM F1147-99). These were
followed here with the exception that in the present work
the coating area tested in tension was 2.41 cm? instead of
5.07cm?. The coating areas tested in shear were
~1.7cm?,

2.3.1. Mechanical testing

Mechanical testing was performed on alumina layers
fabricated on Ti—6Al-4V substrates. For tests of the
coating shear strength, the specimens were cleaned using
acetone and glued to a steel backing plate.
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Figure 4 Definition of the sample area to be tested in shear strength mode.

The area of coating to be tested was defined by
applying weakly adhering tape to the surface of the
coating as shown in Fig. 4. It was assumed that the
adherence of the tape to the coating and of the adhesive
to the tape was sufficiently poor as to have a negligible
effect on the measured failure stress of the sample.

A test plate of similar dimensions to the backing plate
was then glued to the exposed coating to form the test
structure. Shear testing was performed using the set up
shown in Fig. 5.

A test rig as shown in Fig. 6 was used for tensile
testing. The alumina surface was cleaned in acetone
before gluing to the test plate. The area over which the
coating was tested in tension was controlled by the test
plate diameter.

2.4. Cells and culture conditions
Human osteoblast-like cells originally isolated from
femoral head trabecular bone fragments were cultured in
Dulbecco’s modified Eagles medium (DMEM) supple-
mented with 10% foetal calf serum (FCS), 1% non-
essential amino acids, L-ascorbic acid (150gml~"),
0.02M L-glutamine, 0,01 M HEPES, 100 units ml !
penicillin and 100 pg streptomycin at 37 °C, 5% CO, in
a humidified atmosphere [38].

When cell attachment experiments were to be
performed, cells were harvested by trypsin-EDTA
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Figure 5 The experimental set up for shear strength testing of coatings.
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treatment, collected by centrifugation and resuspended
in DMEM supplemented with the above. The cells were
counted using a hemacytometer and the cell concentra-
tion calculated. Approximately 100000 cells for the
biochemical study and 10000 for the morphological
study, were then seeded on to porous alumina membranes
and a control Thermanox (TMX, Life Technologies)
surface. The membranes, provided by Whatman were
60 pm thick and the pores ~ 200 nm in diameter on one
side and ~ 20nm in diameter on the other. Care was
taken to expose the cells to the side with the ~ 200 nm
pores. The membranes were placed in 24-well tissue
culture polystyrene plates (NUNC) and cultured for up to
three weeks. Triplets of each membrane per timepoint
were used.

2.4.1. Biochemical analysis
Cell attachment and proliferation was determined by
using Alamar Blue [39].

Alamar Blue is a non-toxic metabolic indicator of
viable cells, that is, when taken into cells, the dye is
reduced and both fluoresces and changes colour. Thus the
amount of colour/fluorescence developed correlates with
the amount of living cells in the sample.

The medium from all wells was removed after 1, 3, 7,
14 and 21 days and substituted with 10 x Alamar Blue
stock solution (Serotec) in phenol free medium. The

Tensile test holders

Sample with coating
Adhesive ——— g —onx1 facing up

Figure 6 The experimental set up for tensile strength testing of
coatings.



plates were then incubated at 37°C, 5% CO, in a
humidified atmosphere for 3 h. Aliquots of 100 pl from
each well were then transferred to a 96-well plate and the
fluorescence (A, = 560nm, A, = 590nm) was read.
All values were corrected for background fluorescence of
reagent with substrate without cells. To continue
culturing the cells, the remaining Alamar Blue was
removed from the 24-well plates, replaced with fresh
culture medium and returned to the incubator.

2.4.2. Microscopic analyses

Cells were fixed with 1.5% glutaraldehyde after 1, 3 and
7 days of incubation. The cells were then stained in 1%
osmium tetroxide and 1% tannic acid, then dehydrated
through a series of alcohol concentrations (20, 30, 40, 50,
60 and 70%), stained in 0.5% uranyl acetate (in 70%
alcohol), and then dehydrated further (90, 96 and 100%
alcohol). The final dehydration was done in hexamethyl-
disilazane, followed by air-drying. The samples were
then coated with gold and examined using a Jeol SEM.

3. Results

3.1. Anodisation behaviour

Six different types of specimens were subjected to the
anodisation treatment. For the 316L stainless steel and
the cobalt chrome alloy specimens, it was found that as
the anodising voltage was increased so the anodising
current also rapidly increased. No stabilisation or
subsequent reduction in the magnitude of the anodisation
current was observed. This behaviour indicates a
vigorous reaction taking place and that no stable anodic
film was generated on these metals in the electrolyte
used.
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Figure 7 Anodisation current vs. time for 1260mm? of Ti-6Al-4V
exposed to 0.4 M phosphoric acid.

For the uncovered pure Ti and Ti—6Al-4V substrates and
also for those with the surface aluminium layer, the
behaviour of the anodisation current vs. voltage with time
indicated that stable anodic oxide films were being
produced. Fig. 7 shows the curves for the Ti—-6Al-4V
alloy with similar results (not shown here) being
obtained for the pure Ti specimens. Fig. 7 shows the
anodising current decreasing with time as the dense,
non-porous, barrier oxide layer on the surface of the
Ti—6Al1-4V alloy gradually thickened. After 600s the
barrier layer was sufficiently thick that further anodisa-
tion had practically stopped and the current had fallen
below 0.4 mA cm ~ 2. Fig. 3 shows anodisation current vs.
time for a Ti layer covered with aluminium. The
anodisation current increased rapidly for the first
~ 190s as the voltage was increased from O to 160 V.
After this time some further increase in current was
detected as a stable pore structure developed in the
anodic film. From ~ 300 to ~ 1800s the anodisation
current remains stable as the aluminium layer was
gradually anodised to form the porous anodic oxide
layer. In this time, the thickness of the porous layer
increases as the aluminium layer is gradually oxidised.
After ~ 1800s the current decreased rapidly towards
zero in a manner characteristic of the anodisation of the
underlying Ti layer. Our interpretation of this behaviour
is that the steady state condition of stable and continuous
anodisation of the aluminium layer (between ~ 300 and
~ 1800s) continues until the advancing alumina/
aluminium interface reaches the titanium substrate. At
this point (time ~ 1800s) the dense non-porous oxide
layer starts to form on the surface of the Ti and the
current rapidly decreases. After approximately a further
300 s the anodisation behaviour is typical of that of a Ti
substrate indicating that all the surface aluminium has
been converted to alumina and the specimen is now
behaving, from an electrical point of view, as if it were
uncoated Ti. Similar data were obtained from aluminium
layers deposited on both Ti and Ti-6Al-4V alloy layers.

3.2. Coating morphology

When the aluminium was deposited on the polished
substrates at room temperature the result was a surface
layer with a mirror finish. After anodisation this
produced a porous layer with a smooth surface.
However, mechanical measurements (see later) on such
specimens showed poor adhesion between the alumina
layer and the underlying substrate.

Further experiments were performed depositing the
aluminium on substrates which were held at 300°C in
situ. Under these conditions the deposited layers had a
cloudy appearance indicating that they were no longer
smooth. Optical microscopy showed this to be due to the
growth of individual aluminium grains within the layer
leading to surface roughening. Fig. 8(a) shows the
surface topography of such a specimen after subsequent
anodisation.

The micron scale roughness evident in the alumina
film shown in Fig. 8(a) is due to the surface roughness of
the aluminium layer before anodisation. At a smaller
scale, see Fig. 8(b), pores of ~ 160 nm diameter can be
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500 nm

Figure 8 (a) SEM micrograph of an anodised aluminium layer
(alumina) formed from anodisation of aluminium deposited at 300 °C
onto a Ti—6Al-4V substrate. Surface roughness due to grains in the
layer is visible. (b). High resolution SEM micrograph of an anodised
aluminium layer, as for Fig. 8(a), showing the individual pores
( ~ 160nm) present in the material.

observed. The topography of this specimen is consider-
ably less regular and much rougher than that generally
associated with anodised aluminium, see, for example,
Fig. 2. The adhesion of the layers deposited at 300 °C
was, however, good and it was these layers, after

anodisation, that were used for subsequent mechanical
testing.

3.3. Mechanical properties

All mechanical measurements were carried out on anodic
alumina layers prepared on Ti—-6Al-4V alloy substrates
for which the aluminium had been deposited at 300 °C. A
total of 16 specimens were tested either in shear or
tension. Only one failure of the test piece was due to
failure of the alumina layer rather than the adhesive. For
the shear measurements the highest stress applied before
glue failure was 20.4MPa with the average being
13.5MPa. In tension, the highest load to failure was
10.0 MPa with the average being 3.5 MPa. In only one
case did the alumina layer fail in tension at a stress of
3.5MPa. SEM examination showed that this failure
occurred at the interface between the polished Ti—6Al-
4V substrate and the surface alumina layer. Thus, in all
but one of the samples the coating did not fail, instead the
failure of the test structure was due to the failure of the
adhesive.

3.4. Cell behaviour

3.4.1. Biochemical analysis

The Alamar Blue analysis showed a normal osteoblast
growth pattern with REDOX reactions (and hence cell
number) increasing from day 1 to 21, see Fig. 9. One can
also see a small but statistically significant increase in the
proliferative activity of the HOB cells on the nano-
porous alumina compared to the Thermanox material
used as a control.

3.4.2. Microscopic analyses

Scanning electron microscopy (SEM) examination of
HOB cells on the porous alumina membranes showed
normal osteoblast morphology. One could observe
flattened cells with processes showing some evidence
for attachment to the pores of the material as shown in
Fig. 10. Good cell coverage was also observed.

4. Discussion

4.1. Anodisation

The anodisation experiments showed that layers of
anodised aluminium could be produced directly bonded
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Figure 9 Graph demonstrating the proliferation of HOB cells in culture for 1, 3, 7, 14 and 21 days on porous alumina compared with a control as
determined by Alamar Blue assay. (Each value represents the mean of three samples.)
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Figure 10 Scanning electron micrographs of fixed HOB cells cultured on nano-porous alumina membranes. (a) micrograph after 24 h in culture, (b)
as micrograph (a) but at higher magnification, showing some evidence for filipodia attachment to pores.

to pure Ti or Ti—-6Al-4V substrates. However, when
attempts were made to anodise 316L stainless steel and
cobalt chrome alloy specimens in the phosphoric acid
electrolyte a rapid reaction took place. This indicated that
these metals are unsuitable for the present process
because it would not be possible to completely anodise
an aluminium layer deposited on top of them without
experiencing a vigorous reaction when the electrolyte
reached the underlying substrate towards the end of the
anodisation procedure.

Implants made of such alloys might still be covered
with a layer of porous alumina using anodisation but it
would be necessary either to deposit a barrier layer of a
material such as titanium between the substrate and
aluminium layer or not to anodise completely the surface
aluminium layer. In either case, the electrolyte would not
reach the underlying reactive substrate and an intact
adhered surface alumina layer could still be produced.

4.2. Mechanical properties

The layers deposited at room temperature were only
weakly bonded to the underlying substrate and would
therefore be unsuitable for use as an implant coating. It is
likely that the weak adherence of these layers was due to
a residual layer of organic residue between the substrate
and deposited aluminium layer or due to the thin native
oxide present on the Ti or Ti—-6Al-4V alloy substrates. In
any case, the interlayer would have prevented direct
contact and hence bonding between the metal substrate
and deposited aluminium layer so resulting in a weak
interface. The effect of heating the substrate can then be
understood in terms of removing any organic material
present and/or causing diffusion through, and break up
of, the native oxide. The result is a strong bond between
the surface aluminium and underlying metal substrate.
Indeed, we believe it likely that the one specimen for
which the coating failed during mechanical testing was
probably inadequately cleaned before the aluminium
layer was deposited and that an improved surface
preparation procedure will overcome this problem
thereby allowing strongly adhered coatings to be
prepared using aluminium deposited at room tempera-
ture.

The mechanical measurements of the coatings made
from aluminium deposited onto the Ti—6Al4V alloy
specimens at 300 °C were limited by the strength of the
adhesive used. For every specimen except one, failure
was due to the glue rather than the coating. Since a failure
either within the alumina layer itself or at the interface
between the alumina and substrate would have been
detected these results imply that the implant coatings are
likely to withstand stresses in excess of 20 MPa in shear
and 10MPa in tension. For comparison, the shear
strength of bovine cortical bone has been measured to
be 34 MPa [7] and previously published data for the shear
strength of HA deposited on polished Ti—-6Al-4V
surfaces was found to be ~ 12MPa [7]. Furthermore,
it is possible to roughen the surface of the implant
material prior to aluminium deposition so increasing its
surface area. This is expected to increase the effective
coating/substrate interface strength both in shear and
tension.

The results presented here indicate that the process of
producing a surface alumina layer on implant material by
anodisation promises to yield a surface ceramic coating
with shear strength similar to that of the bone in which it
might be implanted.

4.3. Cell behaviour

Promising cellular response was shown when HOB cells
were cultured on porous alumina membranes. The
material is able to support normal osteoblastic cell
growth with cells rapidly spreading on the surface. SEM
examination of HOB cells on the membranes showed
normal osteoblast morphology. Flattened cells were
observed with processes which looked in some cases to
be attached to the pores of the material. This may lead to
the cells anchoring efficiently to the porous surface and
therefore adhering better than on a dense material.

The fact that the phosphate ion distribution is such that
the pore walls contain higher concentration of phosphate
than the rest of the membrane structure [36] should lead
to a high concentration of phosphate ions in the local
cellular environment. This may be beneficial for the
mineralisation. However, it should be noted that this
characterisation of cell behaviour was performed on the
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free standing anodic aluminium oxide membranes
whereas the substrate coatings used for mechanical
testing were produced by anodisation of an aluminium
layer bonded to the substrate material. Thus the cell data
presented here will only give an indication of how HOB
cells will behave on the actual substrate coatings,
although as noted previously it is expected that their
behaviour will be similar in each case.

Most orthopaedic surgery leads to unavoidable bone
cell death at the implant site. Remodelling of bone should
eventually occur but any stimulus or factor that could
improve the initial healing would be advantageous. The
fact that the anodised aluminium material also has the
potential of being rendered bioactive by loading the
porous structure with appropriate bioactive agents might
improve the cell response and facilitate osseoinductive
activity.

5. Conclusions

This investigation has shown that nano-porous alumina
coatings can be made successfully on Ti and Ti-6Al-4V
alloys. For the coating to be applied to stainless steel or
cobalt chrome alloys an additional titanium layer would
have to be applied prior to the aluminium, to protect the
substrate alloy from the anodisation procedure.

The adhesion of the coatings made on Ti—-6Al-4V has
been tested in shear and tension. The results show that on
a polished, smooth surface the coating has a shear
strength likely to exceed 20 MPa and tensile strength
likely to be greater than 10 MPa.

Encouraging cellular response was shown when HOB
cells were cultured on porous alumina membranes
similar to the coatings produced for mechanical testing.
The membranes seem to be able to support normal
osteoblastic cell growth with cells rapidly spreading and
flattening on the surface of the material.
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