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A B S T R A C T

Mg-substituted hydroxyapatite (HAp) bioceramic microspheres were prepared by spray drying and subsequent
processing at 1173, 1273 and 1373 K. Influence of various Mg substitution levels (up to 0.84 ± 0.10 wt%) on
physicochemical properties of the HAp bioceramic microspheres was evaluated. Obtained results were used for
the elucidation of the compositional and structural characteristics of the microspheres in conjunction with ad-
sorption of protein, namely, bovine serum albumin (BSA). The primary difference among the microspheres
processed at various temperature was the presence or absence of the micropores (< 2 nm in diameter) and
mesopores (between 2 and 50 nm). Presence of the micro- and mesopores resulted in higher specific surface area
(SSA), enhanced solubility, i.e., ion release, and, accordingly, increase in the amount of BSA adsorbed on the
microspheres. Furthermore, the BSA adsorption capacity of the microspheres decreased with increasing Mg
content despite of higher SSA.

1. Introduction

The continuously increasing demand to improve life quality con-
cerns an innovative use of specifically designed biomaterials for the
repair and reconstruction of diseased or damaged bones. Nowadays the
focus has shifted towards bone replacement and repair materials that
can mimic living tissues (biomimetic) and assist in the healing process
(i.e., be replaced by natural bone): thus, they are bioactive [1]. The
most commonly used biomaterials for such applications include calcium
phosphates (CaP) [2]. The use of CaP, particularly hydroxyapatite
(HAp, Ca10(PO4)6(OH)2), for the repair or regeneration of diseased or
damaged bone tissues is based generally on the chemical and structural
similarity to a mineral component of bone, namely, biological HAp
[1,2].

Biological HAp contains various ionic substitutions resulting in a
multi-element substituted material [3]. Consequentially, due to their
essential functions in many important biological processes, including
bone formation, remodelling and metabolism, various biologically ac-
tive mineral elements have become important bone graft additives for
enhanced bone regeneration and repair [4]. Therefore, the most recent
studies in the field of bone grafting materials, particularly HAp, have

been focused on control of chemical composition in order to optimise
bioresorbability and bioactivity, as well as to impart specific properties
[5]. As such, a wide range of elements, including, Mg [6,7], Sr [7,8], Zn
[8], Ag [9] etc. have been strategically incorporated intostructure of
synthetic HAp. It has been reported that through several types of sub-
stitutions in HAp lattice various properties such as crystal structure
(crystallite size and crystallinity), phase and thermal stability and so-
lubility, and adsorption (surface reactivity) can be customized for
specific application [3,10].

Among other cationic substitutions for Ca in HAp lattice, in the
present study Mg was chosen as it is essential trace element in human
bone [11]. Above all, having the optimum amount of Mg in relation to
Ca is critical for preventing and reversing osteoporosis [12]. Mg is
known to promote cellular adhesion onto the substrate, and is also
known to enhance osteoblast-like cell proliferation and differentiation,
calcification and angiogenic functions [13]. Thus, incorporation of Mg
into the synthetic HAp is important for a number of reasons, including,
enhance of bioactivity [14]. In this study relatively low levels, namely
close to bone-like amounts (up to 1 wt%) of Mg substitution were
chosen due to the potential cytotoxicity of high local concentrations of
Mg at site of implantation [15].
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