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INTRODUCTION: Magnesium and its alloys
present broad application prospects in orthopedic
implants1. Nevertheless, the broad clinical
application is significantly hampered by the
overhigh corrosion rate2. Herein, we report the
preparation of micro/nanoscale hierarchically
structured calcium phosphate coatings of tuneable
thickness on a Mg-Nd-Zn-Zr alloy through a facile
two-step method. A brushite base coating was first
generated by chemical solution deposition and
subsequently subjected to transformation and
growth through hydrothermal conversion process.
The hierarchically structured coating formation
mechanism and reaction kinetics was
systematically investigated, along with the
generation of a series of CaP coatings varying in
composition and microstructure/morphology. The
effect of the micro/nanoscale hierarchically
structured coatings on the Mg corrosion protection,
biocompatibility and osteoinductivity was studied.

METHODS: JDBM (Mg-Nd-Zn-Zr) disks were
fabricated and pretreated following our previous
protocol3. The CaP coating was prepared in
chemical solution at room temperature, followed
by a hydrothermal treatment at 90 ℃ in an
autoclave. During the second step, different
reaction time point was set from 15min to 12h,
along with pH value from 6.5 to 9. Samples were
characterised via scanning electron microscopy
(SEM) and X-Ray diffraction (XRD). In vitro
corrosion was studied by electrochemical study
and immersion tests. In vitro cytotoxicity and cell
adhesion were evaluated with osteoblasts.

RESULTS: The structure and chemical
composition showed transition in the hydrothermal
solution at the pH value of 9 at 90℃ from brushite
coating which exhibited granite-shaped grains with
a thickness of 10-30μm, to needle-like
hydroxyapatite coating with a thickness of 30-
65μm during 12h reaction. When the pH value of
hydrothermal solution changed to 6.5, most of
brushite on magnesium alloys surfaces converted
to plate-like octacalcium phosphate (OCP) along

with hydroxyapatite. Immersion test demonstrated
the corrsion resistance was ~69.6% higher than
JDBM and ~29.3% than DCPD. During cell
culture period, the osteoblasts attached on the
hydrothermal conversion coatings appeared greatly
enhanced viability, adhesion, proliferation and
ALP expression, which showed the impact of the
micro/nanoscale morphology.

Fig. 1: The surface morphologies of (a) the DCPD
coating; (b) the HA-6.5 coating; (c) the HA-7.5
coating; (d) the HA-9 coating; (e) the immersion
test of HA-6.5, HA-9, DCPD coatings and JDBM
with various treatment time in α-MEM.

DISCUSSION & CONCLUSIONS: Immersion
test showed that the hydroxyapatite coating
sufficed for protecting the JDBM substrate.
Reaction kinetics of the coating demonstrated the
changing process of the conversion of brushite was
in-situ growth. The main effective factor of
different chemical component of the coatings after
hydrothermal treatment was pH value. The
comprehensive study of the influence on the in
vitro corrosion behaviour and cellular response
suggested that the micro/nano-structured
hierarchical calcium phosphate coating present a
favorable biointerface to improve the corrosion
resistance, biocompatibility and bioactivity of
magnesium-based orthopedic implants.
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