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Abstract: Hydroxyapatite (HA) is the main inorganic constituent of human hard tissue. It can effectively accelerate the repair process
of hard tissue defects due to its high bioactivity and biocompatibility. Ion doping is an effective approach to enhance the bioactivity of
HA materials. On this basis, dual-ion substitution can make HA materials have a higher simulation to nature bone in composition and
some functional features (i.€., antitumor ability, antibacterial activity, pro-angiogenetic capacity, immunoregulatory and medical
imaging capability). Dual-ion substitution greatly extends the applications of HA materials in bone tissue engineering. This review
summarized the synthesis methods and their principles of dual-ion substituted HA (DIHA) materials, represented the applications of
DIHA materials in hard tissue engineering, and finally proposed the future development direction of DIHA materials.
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2 MgSr-HA IRJZ SR T 4 i) a3 1)

Fig. 2 MgSr-HA coating enhances osteogenic activity of osteoblasts!*”!
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Fig. 3 Se-HA exerts an anti-tumor effect by activating the caspase-dependent apoptotic pathway
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(a) Zone of inhibition test, using disc diffusion assay against Gram-negative (E. coli) and Gram-positive (S. carnosus) bacteria

(b) Bacterial density assay
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Fig. 4 SeSr—HA inhibits bacterial growth™
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Fig. 5 MgSr—HA promotes angiogenesis and enhances osteogenic activity of osteoblasts
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(a) X-ray scanning results (b) 3D reconstruction results of the bone defect area

(¢) Quantitative analysis of bone regeneration
BV is bone volume; TV is tissue volume.

7 BaMg-HA i K Bkt dr 5170

Fig. 7 BaMg—HA accelerated rat tibia defect healing!’”
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