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Sintered carbonate apatites as bone substitutes
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Figure 6. Photomicrographs of skull defects of Wistar rats, filled with sintered carbonate apatite particles, (a and b)
2 and (c and d) 4 weeks after implantation at lower (a and c) and higher (b and d) magnification. Implanted materials
were dissolved after decalcification (m). New bone (b) is evident at the edge of the defect at 2 weeks (Fig. 6a). In
the area (Fig. 6b) outlined in Figure 6a, some osteoblast-like cells appeared around the periphery of new bone, as
indicated by arrows. In Figure 6d, arrows indicate osteoclast-like cells in contact with implanted materials. When
implant materials were not used to fill the defects, no bone had formed by 4 weeks.

than that of the sintered HAp (< 3.1) and its micro-
pores (< 3 um) were about three times as large (Figs.
2e and 2f). Grain growth and grain size increase rapidly
with sintering temperature [13], which could account in
part for the smaller grains of the sintered carbonate
apatite as shown in Figure 2f.

One of the most promising features of sintered
carbonate apatite as a biomaterial is that it can be
favorably compared with bone, especially with respect
to its reactivity to acid media [32, 33]. In the acid
media used in this study (10 mM acetic acid, pH 5.0),
both the bone apatite and the sintered carbonate apatite
rapidly dissolved to an appreciable extent (Fig. 3).
Their solution compositions changed in an almost
identical manner until toward the end of dissolution
reaction. On the other hand, it took 3.8 days for the
solution composition for sintered HAp to became com-
parable with that for sintered carbonate apatite at 30 sec-
onds with respect to the degree of saturation, indicating
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the extreme difficulty in dissolving the former. Also of
importance was the observation that sintered carbonate
apatite could be favorably compared with §-TCP in
solubility.

Osteoclastic cell response

Osteoclasts that have been identified under the
microscope as TRAP positive giant cells and resorbed
bone were capable of resorbing sintered carbonate apa-
tite (Fig. 4). Particulates that were observed in resorp-
tion pits (Fig. 5) appeared to be similar in shape to those
seen on the substrate surface which was acid-etched with
1 N lactic acid (data not shown) rather than those seen
on the fractured surface shown in Figure 2f. The osteo-
clasts on the sintered carbonate apatite surface appeared
essentially the same as those observed on the bone apa-
tite and sintered HAp after 2-day incubation, suggesting
that osteoclast-substrate interaction may be the same for
all the substrates used, in agreement with the finding




