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COVER PHOTOGRAPH: Dissolution of dicalcium phosphate dihydrate
(DCPD) in synthetic body fluid (SBF) at 37°C, revealing ledge structure,
Figure 3, part B of the article by A. Cuneyt Tas and Sarit B. Bhaduri,
“Chemical  Processing of CaHPO42H20: Its Conversion to
Hydroxyapatite,” pp. 2195-2200 of this issue.

Potential bone substitute materials must be actively resorbed in vivo by
the osteoclasts (cells that are able to resorb the fully mineralized bone),
as they are equipped with a variety of enzymes, which lower the local pH
to a range of 3.9 to 4.2. This occurs via a process called cell-mediated
acidification in which the host bone can deposit new bone on those
resorption sites by the osteoblasts (cells that build the extracellular
matrix and regulate its mineralization).

Bulk ceramics in the form of porous prismatic blocks, self-hardening
cements, granules, coatings obtained by the hightemperature thermal
spray techniques, injectable pastes, etc., are used as implant materials.
For their successful application, they should be able to fully take part in
the bone remodeling processes and must be eventually resorbed and
fully replaced by the new bone within a year following the implantation.

Either synthetic or bovine calcium hydroxyapatite [Caio(PO4)s(OH)2]
bioceramics heated at or above 1100°C during their processing do not
resorb well and do not take part in the in vivo bone remodeling processes
within the aforementioned time frame. In general, resorbability of highly
crystalline, sintered bovine-origin apatitic calcium phosphates is poor,
due to the volatilization of initially present HPO42- and CO32- ions.

Dr. A. C. Tas of Clemson University, School of Materials Science and
Engineering has developed a robust chemical synthesis procedure for the
manufacture of Na- and K-doped DCPD powders [1], and then studied
their transformation into carbonated apatitic calcium phosphates by
immersing them in an acellular and metastable (with respect to
hydroxyapatite nucleation) SBF solution [2-4] over the duration of 36 h
to 5 weeks.

From X-ray or neutron crystallographic studies, the crystal structure of
DCPD is known to contain compact sheets or bilayers parallel to its (010)
plane. One bilayer was found to present sheets of calcium and phosphate
ions, while the other bilayer comprised water molecules. Flade et al. [5]
hypothesized that the hydrated bilayer was the terminating layer at the
surface of the (010) face in aqueous solutions, and dissolution of DCPD
must start from the ledges.



The SEM photomicrograph selected as the cover photograph for the
December 2004 issue of the Journal of The American Ceramic Society
showed the dissolution of DCPD (i.e., Brushite), revealing for the first
time the aforementioned bilayer structure, which until now could only be
ascertained by using crystallographic techniques.

Brushite is a nucleation precursor in aqueous solutions for the bone
mineral (i.e., carbonated, apatitic calcium phosphate). In vitro ageing of
Brushite at 37°C and pH 7.4 (physiological temperature and pH) in a
synthetic body fluid (SBF), therefore, should be an appropriate way of
producing nanocrystals of the bone mineral.

This study suggested a simple procedure for producing carbonated
apatitic calcium phosphate powders of high resorbability, after
straightforward immersion of DCPD powders in SBF solutions (pH 7.4) at
37°C. The highest temperature of processing hereby used in the
manufacture of bulk, poorly crystallized apatitic calcium phosphate
powders was 37°C.
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