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Abstract Collagen/hydroxyapatite (HA) nanocomposite
thin films containing 10, 20, and 30 wt.% HA were pre-
pared on commercially pure titanium substrates by the spin
coating of their homogeneous sols. All of the nanocom-
posite coatings having a thickness of ~7.5 um exhibited a
uniform and dense surface, without any obvious aggrega-
tion of the HA particles. A minimum contact angle of 36.5°
was obtained at 20 wt.% HA, suggesting that these coat-
ings would exhibit the best hydrophilicity. The in vitro
cellular assays revealed that the coating treatment of the Ti
substrates favored the adhesion of osteoblast-like cells and
significantly enhanced the cell proliferation rate. The cells
on the nanocomposite coatings expressed much higher
alkaline phosphatase (ALP) levels than those on the
uncoated Ti substrates. Increasing the amount of HA
resulted in a gradual improvement in the ALP activity. The
nanocomposite coatings on Ti substrates also exhibited
much better cell proliferation behaviors and osteogenic
potentials than the conventional composite coatings with
equivalent compositions, demonstrating the greater poten-
tial of the former as implant materials for hard tissue
engineering.

1 Introduction

Titanium (Ti) and Ti alloys have been extensively explored
for various biomedical applications, especially as dental
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and orthopaedic implants, due to their good mechanical
properties, high corrosion resistance, and excellent bio-
compatibility [1, 2]. Nowadays, the surface modification of
these materials is often performed to improve the bone-
implant contact and acquire the desired biological proper-
ties, while retaining their advantageous bulk properties.
Among the different materials and methods used for the
surface modification of Ti substrates, coating them with
hydroxyapatite [HA, Ca;o(PO4)s(OH),], the main inorganic
component of human hard tissues, has attracted a great deal
of attention over the last few decades. HA coatings showed
high bioaffinity to cells and excellent osteoconductivity,
which were expected to improve the biocompatibility,
enhance the mechanical strength of bone bonding to Ti
implants, and increase the amount of bone growth around
the implants [3-5]. On the other hand, several potential
drawbacks also exist in terms of the preparation and
applications of HA coatings. Their inherently brittle
behavior may lead to the formation of cracks in the coating
layer during their preparation or heat-treatment [6].
Moreover, the relatively poor bonding strength of HA
coatings on Ti substrates is likely to cause the premature
failure of the bone—implant interface and the consequent
dislodgment of the implants in vivo [7, 8]. The combina-
tion of the HA coatings with some bioresorbable polymers
to form biocomposites has been considered as an efficient
approach to tackle these issues [9, 10].

Type I collagen, the major structural protein of hard
tissues, is a strong candidate for the surface modification of
various substrates. Recent studies concerning collagen
coatings on Ti hard-tissue implants have demonstrated
their effective roles in stimulating cellular responses [11],
increasing bone remodeling [12, 13], and improving bone
growth and bone-implant contact [14]. Therefore, hybrids
of collagen and HA have greater potential for clinical
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applications than their pure HA or collagen equivalents,
because they benefit from the advantageous properties of
both materials, while retaining a similar composition and
structure to that of human hard tissues. In the composite
coatings, the collagen component can act as a matrix to
embed the HA particles, thereby alleviating the brittleness
of the HA coating and promoting the adhesion of the HA
particles to the Ti substrate. At the same time, the HA
particles used as a filler of the collagen matrix are expected
to improve the mechanical strength and biological perfor-
mance of the collagen coatings.

Several studies have been carried out on collagen/HA
coatings, but only a limited number of methods of pre-
paring them have been proposed so far, with biomimetic
synthesis being the generally preferred technique [15-17].
The classical biomimetic process usually involves the
immersion of the substrates in a collagen-contained simu-
lated body fluid (SBF) or 1.5 times SBF (1.5SBF) for about
1 week to allow the co-precipitation of bone-like apatite
crystals and collagen. Although the use of supersaturated
SBF (5SBF) currently allows the collagen/HA coatings to
be prepared within 1 day [18, 19], the control of the
composition, chemical homogeneity, and thickness of the
coatings remains a synthetic challenge.

In the present work, an integrated technique consisting
of a modified mixing process and the spin coating method
was explored to prepare uniform collagen/HA composite
coatings on Ti substrates. The effects of the composition of
the coatings on their morphology and surface properties
were investigated by SEM and contact angle measure-
ments, respectively. In addition, their biological properties
were assessed by means of in vitro osteoblast-like cell
culture tests.

2 Materials and methods
2.1 Materials

Acid-soluble Type I collagen (atelocollagen from calf skin,
MW 300,000) was purchased from a commercial vendor
(Elastin Products Company, Inc., USA). All other reagents
used in the present study were of analytical grade and
supplied by a vendor (Sigma—Aldrich Co. Ltd., USA),
unless otherwise specified. Doubly distilled and deionized
water was used throughout.

2.2 Preparation of nano-HA particles
Single phase HA powder was synthesized by a biomimetic

method. Commercial Ca(OH), and H;PO, were chosen as
the calcium and phosphate sources, respectively, for HA.
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The Ca(OH), and H5;PO, solutions in stoichiometric pro-
portions ([Ca]/[P] = 1.67) were simultaneously and
separately added to a reaction vessel containing Tris—HCI
buffer solution at 37°C and pH 9. After the titration, the
resulting precipitate was aged at 37°C for 24 h under
stirring, followed by centrifuging for 10 min at 2,500 rpm
and washing with distilled water. Then, the precipitate was
re-dispersed in water to make a slurry with a certain con-
centration. The total amount of HA in the slurry was
considered to be approximately equal to the theoretical
value, which was calculated on the basis of the assumption
that Ca and P completely reacted to form HA. The slurry
containing a required amount of HA was separated and
further centrifuged at 14,000 rpm for 10 min to remove as
much as possible of the water.

2.3 Coating of collagen/HA on Ti by spin coating

For the precursor of the spin coating, type I collagen
sponge was dissolved at 7 w/v% in 1,1,1,3,3,3-hexafluoro-
2-propanol (HFP), and then mixed with the prepared HA
precipitates. After stirring at room temperature for 24 h, a
collagen/HA nanocomposite was obtained in the form of a
homogeneous, viscous sol. As substrates for the film
deposition, commercially pure Ti discs (grade 2) with
dimensions of 10 x 10 x 1.5 mm® were polished with
#600 diamond pastes and cleaned ultrasonically in acetone,
ethanol and distilled water successively for 20 min each.
The spin coating procedure of the collagen/HA sols was
performed in a WS-400-6NPP-LITE spinner (Laurell
Technologies, North Wales, PA) at 3,000 rpm for 20 s,
followed by drying the coated Ti substrates in a desiccator
under vacuum overnight. Subsequently, the coatings were
chemically cross-linked in 90% ethanol containing N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide (EDC)
hydrochloride and N-hydroxysuccinimide (NHS) solutions
for 24 h at 4°C. After the cross-linking treatment, the
coatings were washed with sufficient distilled water and
freeze-dried. The obtained specimens were kept in the
desiccator until use.

The chemical compositions of the coatings were con-
trolled by adjusting the mixture used for their preparation.
Composite coatings with 10, 20, and 30 wt.% HA were
prepared and the corresponding specimens were designated
as COL-10%HA, COL-20%HA, and COL-30%HA,
respectively. A pure collagen coating was used as a control
in this study. In addition, for the purpose of comparison, a
conventional composite sol containing 20 wt.% HA was
also prepared by mixing the collagen/HFP solution with
commercial HA powder (Alfa Aesar Co., Milwaukee, WI,
USA), and spin-coated on Ti substrates under the same
conditions.
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2.4 Characterization

A small portion of the precipitated HA powder was freeze-
dried, and its phase was investigated by X-ray diffraction
(XRD; M18XHF-SRA, Mac Science Co.) analysis at a scan
rate of 0.5° min™' with Cu Ku radiation (1 = 1.54056 nm).
The HA slurry obtained after the last washing was re-
suspended and one drop of it, placed on a copper grid
coated with amorphous carbon film, was used to examine
the morphology of the HA crystals by transmission electron
microscopy (TEM; JEM-2000EXII, JEOL) and obtain their
selected area diffraction (SAD) pattern. The surface and
cross-sectional morphologies of the coating layers were
observed with field emission scanning electron microscopy
(FESEM; JSM-6330F, JEOL). The contact angles of the
coatings were measured at room temperature by the sessile
drop method with distilled water using a Phoenix 300
contact angle analyzer (Surface Electro Optics Corpora-
tion, Korea). At least 5 independent measurements were
performed for each sample.

2.5 In vitro cellular assays

For the assessment of the cellular behaviors on the coating
system in terms of the cell attachment, proliferation, and
differentiation, the MC3T3-E1 cell line was used and pre-
incubated in a culture medium consisting of a-modified
minimum essential medium («-MEM) supplemented with
10% fetal bovine serum (FBS), 2 mM L-glutamine,
50 IU ml~" of penicillin, and 50 pg ml~" of streptomycin.
The culture was maintained at 37°C in a humidified incu-
bator with 5% CO,, and the medium was changed every
3 days. Before the cell culture test, the disc specimens were
placed on tissue-culture polystyrene (TCPS) plates and
sterilized under ultraviolet (UV) light for 30 min.

For the attachment study, 1 ml of the MC3T3-El cell
suspension having a density of 5 x 10* cells/ml was see-
ded on each scaffold and allowed to culture in the incubator
for 1 day. Then, the cell-growth morphology was observed
with SEM, after fixing, dehydrating, and gold-coating the
cells.

To evaluate the biocompatibility of the coatings, the cell
viability on the specimens was measured using a cell
proliferation assay kit (Cell Titer 96° Aqueous One
Solution, USA). Briefly, 1 ml of a cell suspension having a
cell density of 3 x 10* cells/ml was plated on the
UV-sterilized specimens. After harvesting the cells at
3 days, the culture medium was removed, 100 pl of MTS
[3-(4,5-dimethylthiazol-2-yl)-5-(3-caebozymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium] solution in 1 ml of
culture media added to each well, and the solutions left
to stand at 37°C for 3 h. Finally, the colorimetric

measurement of the specimens was performed using 200 pl
aliquots of each solution on a spectrophotometer at
490 nm.

Three milliliters of the MC3T3-El cell suspension
(1.5 x 10* cells/ml) was pipetted onto the coated Ti discs
(25 mm in diameter and 3 mm in height), and the cells
were cultured on the coatings for 14 days to examine the
production of alkaline phosphatase (ALP), which is an
important marker of osteogenic differentiation. The speci-
mens were rinsed with PBS after the removal of the culture
medium, and the cell layers were detached with trypsin-
ethylenediaminetetraacetic acid (EDTA) solution (Sigma,
USA). After centrifugation, the cell pellets were re-sus-
pended by treating them with 1% Triton X-100 (Sigma,
USA) and a sonication process. The ALP activity was
finally examined using p-nitrophenyl phosphate as the
substrate to react with aliquots of each solution, following
the manufacturer’s protocol (Sigma ALP kit 104). The
colorimetric measurement of the specimens was performed
on a spectrophotometer at 405 nm, and the absorbance was
converted to the ALP level based on a protein standard
curve.

The cell proliferation and differentiation tests were
performed on three replicate samples and the data were
expressed as the mean =+ standard deviation (SD). The
Student’s z-test was used to determine whether any statis-
tically significant difference existed between the
experimental groups. A difference between the groups was
considered to be significant at P < 0.05 and P < 0.01.

3 Results and discussion
3.1 Coating process

Spin coating is a simple and effective technique for con-
trolling the thickness of thin coatings [20, 21]. However,
only a few attempts have been made to fabricate inorganic—
organic composite films using this method, probably due to
the difficulty involved in the preparation of a homogeneous
precursor. To solve this problem, in this study, we pro-
posed a modified procedure for preparing a uniform
collagen/HA composite sol. The detailed experimental
scheme is described in Fig. 1.

Ultrafine HA particles were first prepared by the
simultaneous titration of Ca(OH), and Hs;PO, solutions.
After the repeated centrifugation/washing process, the HA
precipitates so obtained were further centrifuged at high
speed to remove as much of the water as possible. As
observed in our experiment, the presence of too much
water in the HA precipitates tends to reduce the viscosity of
the resultant collagen/HA composite sols and lead to the
precipitation of collagen fibers from the HFP solution.
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Fig. 1 Schematic illustration of
the processes used to produce
the collagen/HA composite
coating on the Ti substrates
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Subsequently, the gel-like HA precipitates, without any dry
treatment, were directly re-dispersed in the collagen/HFP
solution. A viscous, homogeneous composite sol was
obtained by stirring the mixture for 24 h at room temper-
ature, and it remained well blended for several days
without any segregation occurring. This sol state of the
nanocomposite was of particular importance in terms of the
ability of the spin coating process to produce a uniform
film on the Ti substrates. In contrast, the composite slurry
prepared by the conventional mixing method only
remained in its initial emulsion state for a few hours.

In order to obtain a suitable precursor for the spin
coating, the HA content in the composite slurry was
required to be less than 30 wt.% in this study. Increasing
the HA content to more than 50 wt.% caused severe
gelation of the composite precursor, thereby reducing its
viscosity and fluidity. After the spin coating, the thin film
that was obtained was cross-linked in EDC/NHS solution
to ensure its chemical and structural stability, as presented
in Fig. 1.

3.2 Phase and morphology of HA

The XRD pattern of the freeze-dried HA powder is
depicted in Fig. 2. All of the diffraction peaks were
indexed to hexagonal HA crystals (JCPDS file No. 9-432)
and no other impurity phase was detected. However, there
was obvious broadening and overlap of these diffraction
reflections in the XRD pattern. For example, the (211),
(121), and (300) peaks of apatite were all merged into one
broad peak centered at about 32°. These results implied
that the as-prepared HA particles were poorly crystallized
and that their grain size was on the nanometer scale.

The typical TEM image of the HA crystals is shown in
Fig. 3. It was observed that the crystals had a rod-like
morphology with a mean diameter and length of about 3
and 40-60 nm, respectively. Moreover, these nano-sized
HA crystals exhibited good dispersity, without any severe
aggregation. The phase was further identified as HA from
its SAD pattern (inset of Fig. 3), wherein the polycrystal-
line rings for the (002) and (211) planes of HA were clearly
detected. From these measurements, the precipitated par-
ticles were proven to be nano-sized HA. Also, the poor
crystallization behavior and morphology of the HA crystals
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Fig. 2 X-ray diffraction pattern of the as-prepared HA precipitates

Fig. 3 TEM analysis of the precipitated HA crystals. The inset shows
their selected area diffraction (SAD) pattern

prepared by the biomimetic process in this study were

deemed to be very similar to those of the mineral phase in
natural bone [22, 23].

3.3 Surface characterization of the coatings

The morphologies of the coatings with different composi-
tions were observed with SEM, as presented in Fig. 4. The
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surface of the pure collagen coating was quite smooth and
dense (Fig. 4a), while those of the collagen/HA composite
coatings became gradually rougher with increasing HA
content (Fig. 4b—d). The COL-10%HA and COL-20%HA
composite coatings presented good integrity and a homo-
geneous particle distribution, without any apparent defects.
It seemed that the collagen component served, in part, as a
bioadhesive that strengthened the bonding among the nano-
HA particles and their adhesion to the substrates. Although
the HA particles were also well dispersed in the COL-
30%HA coatings, several cracks were generated on the
latter, which may be due to the increase in their brittleness
with increasing HA content. The typical high-magnifica-
tion SEM image of the collagen/HA composite coatings in
Fig. 4e clearly revealed the existence of nano-sized HA
particles, which were uniformly embedded in the collagen

Fig. 4 SEM morphologies of
the coatings with different
compositions on Ti substrates:
(a) collagen; (b) COL-10%HA;
(c) COL-20%HA; (d) COL-
30%HA; (e) COL-30%HA at
high magnification and (f) its
cross-section

matrix without any obvious aggregation. Fig. 4f shows the
typical cross-sectional morphology of the collagen/HA
composite coatings on the Ti substrates. It was observed
that the coating layer was tightly bonded with the under-
lying Ti substrates and had a uniform thickness of
approximately 7.5 um. Moreover, there was no delamina-
tion or cracks at the interface of the coatings and the
substrates, indicating the good structural integrity of the
coated Ti substrates afforded by the spin coating method.

For the comparative study, a conventional composite sol
containing 20 wt.% HA was prepared by mixing the col-
lagen/HFP solution with commercial HA powder, and then
spin coated on Ti substrates under the same conditions. The
SEM images of the coatings that were obtained at low and
high magnifications are illustrated in Fig. 5. Compared
with the COL-20%HA nanocomposite coatings shown in
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Fig. 5 The (a) low- and (b)
high-magnification SEM images
of the conventional composite
coatings prepared by directly
mixing the commercial HA
powder with collagen/HFP
solution

Fig. 4c, these conventional composite coatings on Ti sub-
strates had a coarser surface, and the HA particles were
severely aggregated in some regions. This result provides a
good demonstration of the high efficiency of the modified
mixing method in preparing uniform thin films. It is well
known that nano-sized crystals are liable to agglomerate
during the drying step, which no doubt significantly affects
their properties and limits the use of the materials [24].
Therefore, the commercial HA powder as well as the bi-
omimetically prepared and dried HA were not suitable to
prepare a really homogeneous slurry with the collagen/HFP
solution. On the other hand, the wet HA precipitates
without any dry process were very easy to re-disperse and
maintain in the sol state for a long period. Although a small
amount of water unavoidably remained in the HA precip-
itates, even after high-speed centrifugation, it did not result
in any obvious destruction of the sol state of the resulting
composite mixture, as long as the HA content was kept at
less than 50 wt.%, as mentioned above.

In the case of a biomaterial, the wettability (hydrophi-
licity/hydrophobicity) of its surface is considered to be one
of the critical factors determining its biological perfor-
mance. In this study, the wettabilities of the collagen and
collagen/HA composite coatings on Ti substrates were
measured based on their water contact angles. The
uncoated Ti discs had a contact angle of 62.6 £ 2.1°.
However, their contact angle value decreased significantly
after the coating treatment. Figure 6 shows the values of
the contact angles for the coatings with different compo-
sitions. Collagen itself is known to have good hydrophilic
properties, showing a contact angle of 42.2°. A slight but
gradual decrease in the contact angle of the composite
coatings was observed with increasing HA content, viz.
41.7° for COL-10%HA and 36.5° for COL-20%HA. This
suggested that the partial exposure of some of the hydro-
philic groups, such as the —OH groups of HA, helps to
increase the wettability of the collagen surface. However, it
was reported that pure HA disks have a contact angle of
about 67° [25], reflecting their more hydrophobic nature as
compared to that of collagen. Therefore, when the HA
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content in the composite coatings was further increased up
to 30 wt.%, their contact angle showed a tendency to
increase again toward the value of pure HA. As shown in
Fig. 6, the COL-30%HA composite coatings exhibited an
average contact angle value of 40.3°, which is much higher
than that of the COL-20%HA samples. It should be noted
that, compared with the pure collagen coatings, the COL-
30%HA composite coatings still exhibited a relatively
hydrophilic surface. The variation in the contact angles of
these coatings with their composition is likely to result in
their having different biological performances.

3.4 In vitro evaluation of cell responses

The osteoblast responses to the collagen and collagen/HA
composite coatings were assessed using MC3T3-El1 cells in
terms of the cell attachment, growth and morphology. Pure
Ti plates with polished surfaces were used as a control. The
electron microscopy morphologies of the cells cultured on
the uncoated- and coated-Ti substrates for 1 day are pre-
sented in Fig. 7. It was observed that the cells on the pure
Ti substrates grew with an elongated morphology (Fig. 7a),
while those cultured on the collagen coatings appeared to
be more flattened (Fig. 7b) and spread in intimate contact
with the underlying surface. As shown in Fig. 7c, the cells
also grew favorably on the COL-30%HA composite

Collagen 42.2+0.7° COL-10%HA 417+ 1.4

A £

COL-20%HA  36.5=0.8° COL-30%HA 403 +2.1°

Fig. 6 Values of contact angles toward distilled water for the
collagen and collagen/HA coatings on the Ti substrates. The data
were represented as mean + SD forn =5
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Fig. 7 The morphology of the

MC3T3-E1 cells cultured on (a)
titanium substrate, (b) collagen
and (¢) COL-30%HA composite
coatings

coatings, achieving strong adhesion to the coarse surface
by forming active cytoskeletal extensions. A similar cell
growth morphology was observed on the other collagen/
HA composite coatings with different compositions (fig-
ures not shown).

The cell proliferation on these coatings after 3 days of
incubation is presented in Fig. 8. The MC3T3-E1 cells on
the collagen-coated Ti substrates proliferated slightly better
than those on the pure Ti substrates, but no significant
differences existed between the two samples (P > 0.05).
On the other hand, a significant increase in the cell pro-
liferation level was observed in the case of the COL-
10%HA and COL-20%HA composite coatings, and their
significance levels with respect to the pure Ti substrates
were P < 0.05 and P < 0.01, respectively. In addition, it
was inferred from Fig. 8 that these two composite coatings
were more favorable for cell proliferation than their pure
collagen equivalents. This was probably due to improve-
ment in the surface wettability afforded by the
incorporation of HA particles, as demonstrated in Fig. 6.
The enhanced osteoblastic responses of the gelatin/HA
nanocomposite scaffolds as compared to those of their pure
gelatin equivalents were reported by Kim et al. [26].
Accordingly, the Ti substrates coated with collagen/HA
nanocomposite coatings were considered to be more
promising than the collagen-coated Ti equivalents in the
bone regeneration field. When comparing the nanocom-
posite coatings, the cells on the COL-30%HA coatings
exhibited a lower proliferation level than those on the

COL-20%HA coatings, and this was partially due to the
relatively rougher and more hydrophobic surface of the
former [27, 28].

To investigate the effect of the coating composition on
the cell differentiation behavior, the ALP activity was
measured by culturing MC3T3-El1 cells on both the
uncoated and coated Ti substrates for up to 14 days. Even
though ALP is not specific to osteoblasts, it is still widely
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Fig. 8 Growth activity of the MC3T3-E1 cells on different coatings
after 3 days. Pure Ti plates were used as a control, and differences at
*P < 0.05 and **P < 0.01 with respect to pure Ti were considered
statistically significant
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used in vitro as a marker of the osteoblast phenotype. As
could be seen from Fig. 9, both the collagen and collagen/
HA composite coatings on the Ti substrates exhibited a
significantly higher ALP level than the uncoated Ti plates
(P < 0.05 for collagen and COL-10%HA; P < 0.01 for
COL-20%HA and COL-30%HA). Compared with the
collagen coatings, the COL-10%HA composite coatings
showed a similar ALP activity (P > 0.05) while the COL-
20%HA (P < 0.05) and COL-30%HA (P < 0.01) com-
posite coatings exhibited a marked improvement in their
ALP activity, illustrating the efficacy of HA in enhancing
the osteoblastic phenotype expression level. The highest
ALP activity was observed in the case of the COL-30%HA
composite coatings, implying that these surfaces created
the most favorable conditions for the expression of the
osteoblast phenotype.

In addition, a comparative assessment of the cell pro-
liferation and differentiation levels was also carried out
between the COL-20%HA nanocomposite coating and the
conventional composite coating with the equivalent com-
position. It was observed from Figs. 8 and 9 that the
coatings produced by the method proposed in this study
exhibited significantly higher proliferation and differenti-
ation levels than the conventional samples. Therefore, the
rough surface of the conventional composite coatings on
the Ti substrates (Fig. 5), caused by the aggregation of the
HA particles, was believed to retard the cell proliferation
and differentiation rates, as has been reported in the case of
other polymer/ceramic systems [29]. In contrast, the pure
collagen and nanocomposite coatings had a relatively
smooth and uniform surface, and therefore exhibited more
favorable cell proliferation and differentiation behaviors.
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Fig. 9 Alkaline phosphatase (ALP) activity of the MC3T3-El cells
on the uncoated and coated Ti substrates after culturing for up to
14 days (*P < 0.05 and **P < 0.01, for n = 3)
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Based on these cellular results, we confirmed that the
surface modification of Ti substrates with collagen/HA
nanocomposites significantly improved the adhesion and
growth of the osteoblastic MC3T3-El cells and induced
them to differentiate at an enhanced level. Moreover, the
collagen/HA nanocomposite coatings were observed to
exhibit much better cell proliferation behaviors and
osteogenic potentials than the conventional composite
coatings with equivalent compositions, suggesting that
the collagen/HA nanocomposite coatings obtained bi-
omimetically on the Ti substrates have greater potential
for use as an implant material for hard tissue engineer-
ing. Further evaluations on the biodegradability of these
coatings and in vivo tissue responses are currently
underway.

4 Conclusions

In this study, a homogeneous collagen/HA nanocomposite
sol was obtained by the biomimetic preparation and cen-
trifugation of nano-sized HA precipitates followed by
mixing with collagen without any dry treatment. Subse-
quently, collagen/HA composite thin coatings with an
approximate thickness of 7.5 um were uniformly formed
on Ti substrates through a spin coating process. The SEM
results showed that the nano-sized HA particles were well
distributed within the collagen matrix, without any obvious
aggregation. When the content of HA reached 20 wt.%, the
nanocomposite coatings exhibited the lowest contact angle
of 36.5° and the highest proliferation rate of the osteoblast-
like MC3T3-El cells. As compared to both the bare Ti
substrates and the conventional composite coatings with
equivalent compositions, the collagen/HA nanocomposite
coatings on the Ti substrates obtained with the present
method showed much better cell proliferation behaviors
and osteogenic potentials, thus confirming the improved
activity of the cell functions that they afford. In conclusion,
collagen/HA nanocomposites have great potential for use
as a coating material for future medical applications in hard
and soft tissue replacements.
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