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Research and application progress of metal doped hydroxyapatite

[Abstract] The increasing number of bone defects caused by various causes such as tumors, trauma or other diseases is

becoming a global problem. Although existing bone tissue engineered graft materials can meet the needs of bone trans-

plantation to a certain extent, the ability of osteoinduction of most materials is not satisfactory. Hydroxyapatite (HA)

has always been a classic base material for bone tissue engineering due to its good ability to induce bone defect repair.

However, the ability of traditional HAmaterials to induce bone regeneration is still limited. Therefore, how to effectively

modify HA has become a major issue. This paper reviews the research progress of metal doped HA and its effect on bone

regeneration. It also provides a new way of thinking to solve the increasing demand of bone defect implantation.
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1 单一元素掺杂改性羟基磷灰石在骨缺损修复中的应用
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2 多种元素掺杂改性羟基磷灰石在骨缺损植入中的应用

[24] HA

[25]

2.1

HA Basu [26] -

Ullah
[27-28] HA

HA

Yang [29]

3D HA/ PCL

HA

M2

HA

2.2 X

HA



生 物 骨 科 材 料 与 临 床 研究
ORTHOPAEDIC BIOMECHANICS MATERIALS AND CLINICAL STUDY

2021 08
18 4 .31.

Alioui
[30]

Kazimierczak [31]

/ / HA

HA HA

HA

Wu [32] HA

/ /HA HA

3 小结与展望

HA

HA

HA

HA

HA

HA/

3D

参考文献

[1] Tampieri A, D'Alessandro T, Sandri M, et al. Intrinsic magnetism and

hyperthermia in bioactive Fe-doped hydroxyapatite[J]. Acta Biomater,

2015, 8(2): 843-851.

[2] Gabriel LP, dos Santos MEM, Jardini AL, et al. Bio-based polyurethane

for tissue engineering applications: How hydroxyapatite nanoparticles

influence the structure, thermal and biological behavior of polyurethane

composites[J]. Nanomedicine, 2017, 13(1): 201-208.

[3] Shepherd JH, Shepherd DV, Best SM. Substituted hydroxyapatites for

bone repair[J]. J Mater Sci Mater Med, 2012, 23(10): 2335-2347.

[4] O'Neill E, Awale G, Daneshmandi L, et al. The roles of ions on bone

regeneration[J]. Drug Discov Today, 2018, 23(4): 879-890.

[5] Baba Ismail YM, Wimpenny I, Bretcanu O, et al. Development of multi-

substituted hydroxyapatite nanopowders as biomedicalmaterials forbone

tissue engineering applications[J]. J Biomed Mater Res A, 2017, 105(6):

1775-1785.

[6] Ratnayake JTB, Mucalo M, Dias GJ. Substituted hydroxyapatites for

bone regeneration: A review of current trends[J]. J Biomed Mater Res B

Appl Biomater, 2017, 105(5): 1285-1299.

[7] Hu B, Meng ZD, Zhang YQ, et al. Sr-HA scaffolds fabricated by SPS

technology promote the repair of segmental bone defects[J]. Tissue

Cell, 2020, 66: 101386.

[8] Li JF, Liu XF, Park S, et al. Strontium-substituted hydroxyapatite stimulates

osteogenesis on poly(propylene fumarate) nanocomposite scaffolds[J].

J BiomedMater Res A, 2019, 107(3): 631-642.

[9] Wei YQ, Gao HC, Hao LJ, et al. Constructing a Sr2+-substituted surface

hydroxyapatitehexagon-likemicroarrayon3D-plottedhydroxyapatite scaffold

to regulate osteogenic differentiation[J]. Nanomaterials, 2020, 10(9): 1672.

[10] ShiHS,YangSY, Zeng SH, et al. Enhanced angiogenesis of biode-gradable

iron-doped octacalcium phosphate/poly(lactic-co-glycolic acid) scaffold

for potential cancerous bone regeneration[J]. Appl Mater Today, 2019,

15: 100-114.

[11] Fernandes Patr cio TMF,Mumcuoglu D,MontesiM, et al. Bio-inspired

polymeric iron-doped hydroxyapatite microspheres as a tunable carrier of

rhBMP-2[J].Mater Sci EngCMaterBiolAppl, 2021, 119: 111410.

[12] D az E, Valle MB, Ribeiro S, et al. Development of magnetically active

scaffolds for bone regeneration[J]. Nanomaterials, 2018, 8(9): 678.

[13] WalmsleyGG,RansomRC,ZielinsER,et al.Stemcells inboneregeneration

[J]. Stem Cell Rev Rep, 2016, 12(5): 524-529.

[14] Kong N, Lin KL, Li HY, et al. Synergy effects of copper and siliconions

on stimulation of vascularization by copper-doped calcium silicate[J]. J

Mater Chem B, 2014, 2(8): 1100-1110.

[15] SimonAT, Dutta D, Chattopadhyay A, et al. Copper nanocluster-doped

luminescent hydroxyapatite nanoparticles for antibacterial and antibiofilm

applications[J]. ACS Omega, 2019, 4(3): 4697-4706.

[16] Chi WC, Zou JW, Ai FR, et al. Research of Cu-doped hydroxyapatite

microbeads fabricated by pneumatic extrusion printing[J]. Materials,

2019, 12(11): 1769.

[17] Mou P, Peng HT, Zhou L, et al. A novel composite scaffold of Cu-doped

nano calcium-deficient hydroxyapatite/multi-(amino acid) copolymer



生 物 骨 科 材 料 与 临 床 研究
ORTHOPAEDIC BIOMECHANICS MATERIALS AND CLINICAL STUDY

2021 08
18 4.32.

for bone tissue regeneration[J]. Int J Nanomedicine, 2019, 14: 3331-3343.

[18] Luo Y, Li DH, Zhao JH, et al. In vivo evaluation of porous lithium-doped

hydroxyapatite scaffolds for the treatment of bone defect[J]. Biomed

Mater Eng, 2018, 29(6): 699-721.

[19] Li DH, Liu HF, Jinhai ZH, et al. Porous lithium-doped hydroxyapatite

scaffold seeded with hypoxia-preconditioned bone-marrowmesenchymal

stem cells for bonetissue regeneration[J]. Biomed Mater, 2018, 13(5):

055002.

[20] RiazM,ZiaR, IjazA,etal.SynthesisofmonophasicAgdopedhydroxyapatite

and evaluation of antibacterial activity [J]. Mater Sci Eng C Mater Biol

Appl, 2018, 90: 308-313.

[21] Vila M, Garc a A, Girotti A, et al. 3D silicon doped hydroxyapatite

scaffolds decorated with Elastin-like Recombinamers for bone regene-

rative medicine[J]. Acta Biomater, 2016, 45: 349-356.

[22] Pazar eviren AE, Tezcaner A, Keskin D, et al. Boron-doped biphasic

hydroxyapatite/ -tricalcium phosphate for bone tissue engineering [J].

Biol Trace Elem Res, 2021, 199(3): 968-980.

[23] ZakhirehS,AdibkiaK,Beygi-KhosrowshahiY,etal.Osteogenesispromotion

of selenium-doped hydroxyapatite for application as bone scaffold[J].

Biol Trace Elem Res, 2021, 199(5): 1802-1811.

[24] Alshemary AZ, PazarcevirenA, Tezcaner A, et al. Fe3+/SeO4
2-dual doped

nano hydroxyapatite: A novel material for biomedical applications[J].

J Biomed Mater Res B Appl Biomater, 2018, 106(1): 340-352.

[25] Gao JY, Wang M, Shi C, et al. A facile green synthesis of trace Si, Sr

and F multi-doped hydroxyapatite with enhanced biocompatibility and

osteoconduction[J]. Mater Lett, 2017, 196: 406-409.

[26] Basu S, Ghosh A, Barui A, et al. (Fe/Sr) Codoped biphasic calcium-

phosphate with tailored osteoblast cell functionality[J]. ACS Biomater

Sci Eng, 2018, 4(3): 857-871.

[27] Ullah I, Li WC, Lei S, et al. Simultaneous co-substitution of Sr2+/Fe3+

in hydroxyapatite nanoparticles for potential biomedical applications

[J]. Ceram Int, 2018, 44(17): 21338-21348.

[28] Ullah I, Zhang WC, Yang L, et al. Impact of structural features of Sr/Fe

co-dopedHAp on the osteoblast proliferation and osteogenic different-

iation for its application as a bone substitute[J]. Mater Sci Eng C Mater

Biol Appl, 2020, 110: 110633.

[29] Yang L, Ullah I, Yu KD, et al. Bioactive Sr2+/Fe3+co-substituted hydro-

xyapatite in cryogenically 3D printed porous scaffolds for bone tissue

engineering[J]. Biofabrication, 2020, 13(3).

[30] Alioui H, Bouras O, Bollinger JC. Toward an efficient antibacterial agent:

Zn- and Mg-doped hydroxyapatite nanopowders[J]. J Environ Sci Health

A Tox/Hazard Subst Environ Eng, 2019, 54(4): 315-327.

[31] Kazimierczak P, Kolmas J, Przekora A. Biological response to macrop-

orous chitosan-agarose bone scaffolds comprising Mg- and Zn-doped

nano-hydroxyapatite[J]. Int J Mol Sci, 2019, 20(15): 3835.

[32] Wu SQ,Ma SZ, ZhangC, et al. Cryogel biocomposite containing chitosan-

gelatin/cerium-zinc doped hydroxyapatite for bone tissue engineering

[J]. Saudi J Biol Sci, 2020, 27(10): 2638-2644.

[作者简介] 1994-

*[通信作者] 1970-

2021-03-22


