Figure 3. 2D u-CT slices of Scaffold C (1 h) and D (22 h) after coating with 0.5 M phosphate and calcium
solutions.

Figure 3 demonstrates the results of the coating treatments with the 0.5 M concen-
trations (Scaffold C and D). Both scaffolds showed a more heterogeneous distribution of
CP in comparison to Figure 2. Scaffold C had a very homogeneous CP structure in the
central area, while in the outer area some concentrated CP amounts can be seen. Scaffold
D shows greater levels of localised CP clusters throughout the sample.



Figure 4. 2D u-CT slices of Scaffold E (1 h) and F (22 h) after coating with 1.0 M phosphate and calcium
solutions.

Figure 4 demonstrates the results of the coating treatments with the 1.0 M concentra-
tions (Scaffold E and F). Scaffold E shows a very heterogeneous CP distribution through-
out. In particular high levels of CP clusters were observed in the circumference. Scaf-
fold F however, showed a homogeneous CP distribution in the central area, and small
concentrated CP amounts in the outer area.



The overall scaffold porosity as well as the porosity in the outer surface and in the
central area of the scaffolds are shown in Table 2.
Scaffold types that had been treated with the 0.1 M solution (Scaffolds A and B) had the
highest overall porosity. Scaffold D, coated for 22 h in the 0.5 M solutions showed the
lowest overall porosity.

Table 2. Preliminary results of the overall, central and surface porosity of the collagen scaffolds after exposure
to 0.1 M, 0.5 M and 1.0 M solutions for 1 and 22 h (n=2).

Porosity
Duration 0.1 M Concentration 0.5 M Concentration 1.0 M Concentration
A C E
overall 59+1% 49+0% 18+4 %
1h centre 80£2% 80+4 % 316 %
surface 52+7% 224+9% 10+£5%
B D F
overall 63+5% 13+4% 36 6%
22h centre 81 +£6% 43+ 11 % 51+16 %
surface 51+£10% 5+£3% 15+7%

4. Discussion

Bone tissue engineering has had limited clinical success to date. In order for a scaffold
to be successful in bone tissue engineering, a trade-off between mechanical properties
and porosity is required. For implantation in load-bearing areas, mechanical stability is
essential, as well as a high porosity and permeability to facilitate nutrient flow through
the scaffold [1, 12]. The objective of this study was to investigate the possibility of devel-
oping a collagen/calcium-phosphate composite scaffold by coating a collagen scaffold
with CP. The results indicate a significant increase in the mechanical properties of the
scaffolds, although a reduction in porosity was observed relative to the control scaffold.
CP could be detected using p-CT in all scaffolds after coating.

The treatments using the lowest concentration (0.1 M) showed the lowest increase in me-
chanical properties. However, compared with pure collagen scaffolds, this increase was
significant. The overall, central and surface porosity was the highest in this embodiment
compared to all other composite scaffolds. Furthermore, the distribution of the CP was
homogeneous (Figure 2).

Scaffolds that were treated with 0.5 M solutions showed the highest compressive moduli,
although the overall porosity was decreased. The scaffolds after the 1 h exposure main-
tained a relatively high porosity, in particular in the central area. After 22 h of exposure
to the 0.5 M solutions, a large reduction in porosity was observed. In particular the scaf-
folds possessed a dense outer surface of CP. This treatment therefore seems inadvisable
for bone tissue engineering by reducing the ability of the scaffold to satisfactorily pro-
mote cellular penetration.

This investigation indicated that using 1.0 M concentrations leads to higher compressive
moduli compared to the pure collagen scaffold, but the reduction in porosity results in



a scaffold unsuitable for tissue engineering. This reduction in porosity is insufficient for
seeding the scaffolds with cells, as well as limiting nutrient flow throughout the scaffold.
The results from this preliminary investigation indicate that the recommended treatment
for CP coatings is 1 h exposure to the 0.5 M phosphate and the 0.5 M calcium chloride
solution. Although a reduced porosity was observed, the magnitude of the decrease in
porosity was lower than in the other groups making this coating technique superior to
the other treatments. However, further work is necessary to obtain a more homogeneous
CP distribution throughout the scaffolds as well as an increased porosity. This may be
realised by increasing the pore size of the collagen scaffolds prior to coating using tech-
niques that are well established in our laboratory [4, 5]. Furthermore, the influence of CP
coating on cellular activity needs to be investigated by analysing the biological compati-
bility, specifically cell adhesion and proliferation.

With a similar CP process and commercially available Gelfix scaffolds, Yaylaoglu et al.,
Kose et al. and Du et al. showed similar results of increased mechanical properties [9,
13 & 14]. However no data on the mechanical properties of these scaffolds is available.
Using scaffolds with a initial porosity of 60 %, a final porosity of 50 % was achieved
after their CP treatment. The best scaffold from our preliminary investigation (Scaffold
C) showed an overall porosity of 50 % and in the central area more than 80 % indicating
the potential of these first generation collagen/calcium-phosphate composite scaffolds
for bone tissue engineering applications.

5. Conclusion

This preliminary investigation has successfully developed a composite scaffold by coat-
ing pure collagen scaffolds with calcium-phosphate. While a reduction of 50 % in the
porosity of the scaffolds was obtained, an increase of almost 7000 % in the mechanical
properties of the scaffolds was found indicating the potential of the scaffold for future
studies.
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