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The proper bone mass is achieved by presence of living
cells (osteoblasts, osteoclasts, and osteocytes), organic
matrix (mainly I-type collagen) and inorganic minerals
(apatites). The inorganic composition of bone (bone

mineral) is primarily formed from salts
of calcium and phosphate, the major salt
being hydroxyapatite (Caio(PO4)s(OH),). The exact

composition of the matrix may change over time and with
nutrition, with the ratio of calcium to phosphate varying
between 1.3-2 (per weight), and trace minerals such
as Magnesium (Mg), Zinc (Zn), Strontium (Sr) and
Fluorine (F) also being found [1]. Trace minerals generally
reduce the crystallinity of apatite, except for fluoride,
which mainly increases the crystallinity of apatite. As a
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consequence of the reduction of crystallinity, bone
mineral becomes more soluble [2,3].

Magnesium is an essential element and the tenth most
abundant element in the human body, with
approximately 65% of the total magnesium contained in
the bones and teeth [4]. In vivo studies have noted that
calcium phosphate cement (CPC) doped with magnesium
phosphate in the maxillary sinus floor elevation showed
greater biodegradability and excellent osteoconductivity
when compared to control CPC [5]. Zinc is required for
the growth, development and maintenance of healthy
bones, it stimulates osteoblasts, inhibits osteoclasts
function and enhances bone protein synthesis, what
increases bone mass and growth [6,7]. In studies with
rats, the increase in bone zinc content resulted from
lactation of maternal rats fed diet containing zinc [8,9].
Osteoporosis patients have been shown to have lower
levels of skeletal zinc than the normal individuals [10].
Zinc supplementation could have beneficial effects on the
bone density [8]. Zinc has been known to play an
important role in various physiological processes. Zinc is
utilized in structural, catalytic or regulatory actions of
metalloenzymes, one of such enzymes is alkaline
phosphatase (ALP). ALP is vital for the maturation of new
bone formation. Furthermore, zinc deficiency s
associated with a number of skeletal anomalies in fetal
and postnatal development [11]. A number of studies
have been performed in vitro to study the effect of the
incorporation of zinc into calcium phosphate ceramics on
the biological processed related to bone formation and
turnover. One study investigated the osteogenic ability of
rat and human BMSCs cultured in HA/TCP ceramics
containing zinc in amounts varying between 0 and 1.3
wt%. Both rat and human BMSCs cultured in an
osteogenic medium showed an increase in ALP
expression with increasing zinc content in the HA/TCP
ceramic [12]. In another study, a positive effect on the
proliferation of the MC3T3 osteoblastic cell line was
observed in HA/TCP ceramics containing up to 1.3 wt%
zinc, whereas higher concentrations caused cytotoxicity
[13]. Strontium can enhance bone regeneration when
incorporated into synthetic bone grafts. Because it is
similar to calcium in size, it is thought to displace calcium
ions in osteoblast mediated processes. It is found that
strontium most likely stimulates bone formation by a dual
mode of action. First by activating the calcium sensing
receptor (CaSR) in osteoblasts, which simultaneously
increases osteoprotegerin  (OPG) production and
decreases the receptor activator of nuclear factor kappa
beta ligand (RANKL) expression [14]. Fluorine enhances
the stability of apatite lattice in bones and teeth [15].
Other elements present in bone tissue, such as Copper



(Cu) and Silicon (Si) also play an important role in bone
formation. The presence of these elements in
hydroxylapatite is important, because they cocreate bone
cells: osteoblasts and osteoclasts, which take part in bone
turnover and remodeling. Copper is important in collagen
maturation [15, 16-18]. Copper is known for its
stimulatory effect on angiogenesis in endothelial cells.
Copper deficiency is potentially life threatening.
Enhanced activity and proliferation of osteoblastic cells
was observed when copper ions were loaded on CPC
scaffolds. Mesoporous bioactive glass (MBG) scaffolds
showed multifunctional characteristics, such as
angiogenesis potential, osteostimulation, and
antibacterial properties [19]. Other trace elements and
minerals that are present in the human body and might
also play a role in bone formation are Sulfur (S) and
Chlorine (Cl).

Among beneficially elements, there are also Cadmium
(Cd), Lead (Pb), and Aluminium (Al), which may be toxic
and cause bone demineralization and damage [20-22].
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