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Resear ch progress on modified hydroxyapatite nanoparticles
for bone tissue engineering

DU Jingyu, ZHAN Xiao, XU Yuhuan, YANG Renyuan, ZHANG Jiakui, ZHANG Daohai”
( School of Chemical Engineering, Guizhou Minzu University, Guiyang 550025, Guizhou, China )

Abstract: With the acceleration of China's aging society and other influence factors like diseases, traffic
accidents, the bone injury cases are increasing year after year, resulting in expanded market demand for
bone replacement materials. Hydroxyapatite (HA), the main component of human and animal bones with
excellent biological activity and biocompatibility, can be degraded in the organism, participate in
metabolism, releases ions that are harmless to the body, and has been widely used in bone tissue
engineering for bone repair, regeneration, or replacement. However, its applications are restricted due to the
disadvantages of poor dispersion, low strength, poor polymer compatibility, and others. Researches are
focused on HA modification or compounding for improvement in its dispersibility, hydrophilicity,
antibacterial capabilities, and mechanical strength to satisfy the requirements of therapeutic applications.
Herein, the mainstream HA nanoparticle modification methods, including ion doping, surface modification
and materials compositing were summarized. Finally, the current research hotspots of HA composites were
discussed in detail, in order to provide useful reference and enlightenment for basic research on HA
composites.
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Fig. 3 Schematic illustration of fabrication process of PLLA/GO-Si-HA scaffold™?
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Fig. 4 Fluorescence microscopy images of fibroblasts on a
nanofiber scaffold”
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Fig. 5 Synthesis route of Cu-HA/PDA nanocomposites and schematic diagram of near-infrared spectrometer (NIR) radiation

GHORBANI 2% 1 DA $hiadhiy [ kL
£, #1457 PDA 4KER (400 nm ), DIIAE J2EHri%
PERINL, ZERSIAYE ( SBF ) r b il i #0% i
5 HA JZ, 24550R0, Sl 4R 5 HA 75 PDA 44
KRERF MR H IS E 8, #4850 HA sk bk

[44]

WHTAE YA NG HA, XRD 1 FTIR WSS T i

W R T A= 0 A B I ROR

33 REBMKA/RIAR-BREZBRESHR
RAMR-FZ I ORI Y (PLGA ) H PLA FlZ,

B 2 PP ARG, J&—FhJCHE H AT A i 2



553

FEAER], A5 Pk HA GUORRL 776 B HEUT R b i e ke - 485

e, BA R EYAHEEMYLEERE, H
HI PLGA C) iZ W H T2k . B2 A E 4140

A SRS . WET 21O H R 20 Btk HA ek, il
% T HA/R A M-#3 2 (HA/PLGA ) =4 £ L%
o MR R, B A AR B PR SR A
40 MPa, &4 PLGA 440 6 fi5. ILAh, ¥ HA i
BRSINE] PLGA i, W oE 18 S 48wt
FEBET AN A AN B R . B T T A A
B RN R AL BE J1 o PARK S5 17 i g5 mil il A2 460 12
AU PLGA #:E:%] HA £, 15743 HA/PLGA
BEME, IR KM, PLGA BB, HA/
PLGA & A& H RS LA B A B 1E I #5% , HA/PLGA
5A R R LA SR BE AL BEA H HA &A1k
BT VAR b DA SRR B A S TR IR R
WG, T A S SR L S URE R B R Y
XA, HU FSR AR R S5 A P02k
AR, DL HA 9Kk . KR W 252 B b
(CMCS) 1 PLGA MJkl, #il4& T HA-CMCS/
PLGA E4&3H, MR EM, %R AH 5 KRE
I F S H, HH A& R AT R AL A8 A iR S E
Y bE, arms sz A s, R R
YA NE, YU SWIB 2 s Mg? 1 HA
PLGA MIEA KL, #4729, mAwHaEEnE
AREEM B4 3258 (St/Mg@HA/PLGA-CAS )., W58 %
B, 24 PLGA WM F Az s FE K, %8
REEFIRENS Ry B A ) A AR LR S i 25 8], [R] i
HE A SRR S R ST Mg, (R A
TN AE AR L B A B S B A
B, 0 A R R, 3 R A R
il AR 8 2 AU — s o A5

ochanncis

34 REBKAMKEEB (HA/Col ) E6&##

Col VERANMEAME T 142, 40 /M o
E B S, MRS ERE .
S MTRetEE R, BA RONAEYESE . &
PIAHZS PR AT R A ik, RS 24 | 20 T A A A5
BT 2R, HA/Col 455 T AR 2 BE A
i, I, e84 TR B s 5N FH A5
XING ZEPOILIFRE AN b (ECH) fEN3ZHEHF], il
% THFEE-HA/Col BE U, Bt T HE L4k
(R 285 AR R TE R S PR Y BB RS, 3 X%
AP | FLBRR | WK R s M AT T 5T
K HA RNLRERSHE 3 A A BT RSRE, 1ff HL
Pem TER S, R TS RIER, 2
EAIES: HA {23 T Col WIRMBT B, Nk T
HBE . BOEWAR IR EE 2w WA R, (H )2
ORI AR i, MBS g a0k
M. YAN 25552 F HA Fil PLGA-PEG-PLGA ek
AW A, A 3 Ve BB B R Sl T2,
JHHE S (EMF ) X2 4 HBE S 1 ) BMSCs
TNLLES, PRAMZE RN, i EMF A 3G A
S B, PR #E BMSCs 8458 FARE 01k s sh¥ s
B4 B — RS, SR ] EMF JI380 A4 S 28 i) 45 4
BB R A, D5 A HE Al
Al —E RN AT §, HWANGBO P25 it 3D
FTEN . BHURNRE T2, #7249 HA/Col ik
T R WA T ORI ALE (K6 ),
DARSADL R B RN A B A ) Z2 AL 2548, Col Ay fili
FHI 3 5R T &2 A SO A AR 2 R AR s 1k
SYSEEG oR , HA/Col {54 S 487 /N B Py T i 3%
AR SRR PR B T ORI IALAS 1 PN A K

Microchanneled
collagen scaffold

el 6 T IS SR PN A B Al 510 28 1 P S A i i )

Fig. 6 Uniaxial arrangement of surface patterns and microchannels within collagen scaffold pillar
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Fig. 7 Preparation process of 3D porous HA/CS composite scaffold
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