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[ Abstract] Hydroxyapatite (HAp) is the main inorganic component of the bones and teeth, and it
possesses bioactivity and biocompatibility. However, due to its poor mechanical performance, slow degradation speed,
and lack of diversity in its function, it is difficult to apply HAp alone as a scaffold material for bone tissue engineering. By
combining HAp with other types of materials, composite materials with specific properties can be prepared, and the
scopes of HAp applications can be expanded. Firstly, we elaborated on the importance, and strengths and weaknesses of
HAp for bone tissue engineering biomaterials and then reviewed the research status of HAp composite materials used in
bone regeneration. Secondly, about hot research topics in the field of applying HAp composite materials in bone repair,
we summarized the representative findings in the field, and discussions and analysis were made accordingly. Finally, we
also examined the future development prospects of HAp composite bone repair materials.
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MM B R 2, BAT Z R AR R AR ) PERE .
HAp S5 HIM B A, 7T LA 2 48 FHHAp Y BLIR 1 B
gL er: . B A T RSB T S HApE A1
TCHLA L A 45 A5 40 Bl s 40 B- Wi 2 — %5 (B-tricalcium
phosphate, B-TCP) . BiEM B (a0 845 . ML 481k
it BRAIOKAE) . &8 (WNTi. Zn, Ag) . & )& &ALy
Fe,0,. TiO,. MgO) ., k&)@ (4nC. F. S5,

HAp 5 B-TCP&E A 1 B i XA B 2 £5 (biphasic
calcium phosphate, BCP) 15 A JH] 72 7 140 M i 15431k

HVEHIE THAPY . Ak, HAp 5 B-TCP & 1 L il
XIBCPI A2 Ve A S22 . 911, FARINA
UG HAp S B-TCPi £ 43 85  15(BCP 1) Fi
15 : 85(BCP 2) {14 W4 [ A T AB B B4 AL 43 B EEAR K
B RRE BB, O T4, 127026 8 I 0 5B T LA T RS0
S50 7R, BCP 241 A58 B R UM B R H A T £, i
RWIBCP 2 HA T = Y15 W e . KAMALALDIN
AL W AR B L (70 < 307120 ¢ 80) BYHAp/B-TCPHI
A UBURL, T HEAT T U AR S, A5 R, A
TEWFP AL A TR A, {70 © 30A9HAp/B-TCPE &
WA RHREAE FOUVT R 20 M A S IR N, ELAT T A A%
FERE. I, RS HAPSB-TCP & 1 L il v RERL A
HE— L UEEBCPA RHERER VI AT . BT, BCPE WUk
H AT A BB SARIE, B2 VRS BRI 5
T AR A AL

HApS A LA 847 (graphene oxide, GO)aliift JF 4,
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Table 1 Classification of HAp composite materials used for bone tissue repair

Classification Example

Preparation

Functions Ref

Composite with
inorganic materials

HAp/p-TCP Sintering

HAp/rGO Sintering

HAp/Ti

HAp/Zn™" Ton substitution

HAp/Ag' Ion substitution

2+

HAp/Co Ion substitution

Composite with
organic materials

HAp/Col Freeze drying

HAp/SF

HAp/CS

HAp/PLA

HAp/PLGA

HAp/PCL
Multi-composite with ~ HAp/CS/SiO,

organic/inorganic
materials

CS/Col/Fe;,O,/HAp  Chemical cross-linking, freeze-drying

Biomimetic mineralization

Layer solvent casting,freeze drying

Emulsion chemical cross-linking

Evaporative permeation,3D printing
Ultrasonic disruption, injection method
Electrospinning, fused deposition

modeling,additive manufacturing
Sol-gel method, 3D printing

Increased osteogenic differentiation of stem [7-9]
cells.

Excellent mechanical properties; appreciate [10]
degradation rate consistent with the
regeneration of bone defects; increased cell
adhesion and proliferation of stem cells.

Good biocompatibility and enhance [11]
dosteoinduction.

Enhanced proliferation and differentiation of [12]
osteoblasts.

Antibacterial, anti-infection andosteogenesis. (13]

Corrosion resistance, angiogenesis [14]
andosteogenesis.

Facilitated cell attachment, reduced fibrous
tissue production and promoted bone
regeneration.

[15-16]

Good mechanical properties; promoted [17-19]
osteogenic differentiation and reduced local
inflammation of mesenchymal stem cells.

Promoted proliferation and osteogenic [20]
differentiation of bone marrow
mesenchymal stem cells and reduced
chronic inflammation.

Precise repair of rat mandibular defects; high- [21-22]
efficiency repair of critical bone defects.

Good biocompatibility, enhanced formation [23]
and mineralization of new bone.

Antibacterial and promoted osteogenic [24-26]
differentiation.

Controllable interconnected porous structure; [27]
hybridization of the organic phase and
inorganic phase at manometer level; low
water absorption and high mechanical
strength; enhanced adhesion, proliferation
and differentiation of stem cells.

Good tissue compatibility and promoted bone [28]
regeneration.

HAp: Hydroxyapatite; B-TCP: B-tricalcium phosphate; rGO: Reduced graphene oxide; Col: Collagen; SF: Silk fibroin; CS: Chitosan; PLA: Polylactic acid;

PLGA: Polylactic-co-glycolic; PCL: Polycaprolactone.
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{1 8847 (reduced graphene oxide, rGO) il 4 HIE & H1 %
RERS A T A A B . BT RN 3461, TF AR ARG
AR T FIR B 20 Y, TR A AR ST AR A
AN TR . ZHOUSE! il 45 7 —Fh BA ZfL45 4 Fgh
KFEIEASMHAp/rGOX AL . HApHIIM AR T rGOMY
AT R, rGORY AR A I 1 BRI 72 5 T4 i Y
BB, BETE AR k. AL T ELERYHAP SZ 4R, HAp/rGO
SCHRATUME BT A, Mg R 5 7 1 T I 4 58 2 DL,
P AT BE R A R I i 2H 2T AR S SR R e e

HApfERIR)Z 54 @Ak G, Beagi i #2 ity
Wy 5 A% AV a5, AR R O A O RR R R B A,
Y ANGHRF! 8 i AH B 1 A A S 00 05 A AR W0 R e R
KK THApIR)Z, 5 4k FRHAH L, HApfE i gk
F B T = (LR A AR S, AT TR
JEM R AE Y =g T . A, HAph B & @ T &R
B, #4848 oo R B9 AN ], AT 430 T HA p i i 1
B PRI AR L B AR A 2 R OR [ 1 P fE
N, Zn® BB HAp AT 38 52 0 R E 20 M Y 5 58 A o3k
RANHE IR R, Ag BURHITHAp AT HI T3 B iR al F
FBHE A B, 1 Co™ U HA pREAS S 2F 148 (14 17
AR T E A MORHUE bR
12 HApSHENESFHHES

AHEE T TCHUATRL, A HLis 2Rk & B A w5
PERE . HAp S ANLE S FMBHE G, AT LM A 4141
BB TCHLE A T, 7B HAp A i e R I 4
TIPS ) B ]I, 36 BE 58 03 A HAp e gk i oAk Y
TEA . MIERFEAR, SHApE & HHILE S FHEK
E B WP N/ SR N0 i e 2 N S o W S K= g o
1.2.1 HApS RAAMG S THHAES KEKAIED
TR T 1 RV ELA AR WA 25 v A P vT Rk, i T
HATENA, BFHR TR TR Z TR EI
3T B ZAFE IR (collagen, Col) |\ 222 & 1 (silk
fibroin, SF)5¢ZM# (chitosan, CS)%.

H T Col SHAp# & KR 1Y 2T, i —H L
GBI R SIEA B RA G, AU, Colid & ARG 2
- H 3R - KA IRIT ), Rei e (A0 ML RN A7 1, A 7
TAH MR B, S A M — 230 | AR ST AR
UEZONOZ" i T HAp/Col & A 14 JZ ke 18 13 K
Fil B H R AR SEBIE B T HAp/ Col &R & AR TR B
AR KB | HApIR 2Bk FTHAp/Col & A 1R )24k
e R AR BB B BN, T4 G T 8O 4
Ao ZERR, BRFE HApIR)ZEEE JE U B T K
LA MTHAp/ Col &2 4 I R Bk Jl Bl LT 58 2 9l

A L, O EARAART A I ZH 2R A0 4545 5 B o 1

SF TR MM T, BAMR J2etene. 725
HApE G5, SEEZLIB-Ir S RAFTE, #ASF AR
Tk, XTHApBURLELA BRI, — & He il AR
HIRAS), B 2] 0 SF/HApRE A A BHEA it B 1 L
JIor O REE, HAE R E SR HAp IR EPE . IfH,
SFSHAp I A FOREE 3245 8] 58 BT 40 i 19 il & 53
AU, PR AAE RN, SR B A T AR R,
SRR VR VR T IREOR W] LU S s il % 2 fLHAp 5
SFIE G MR TAHLUT AR XIAPRHEA T RAE & B, [T
BN 5% SFEHAp I E 45 S A I iU FLEE 35 2)
FHLIN; RSS20 v, 528 SRl b R 40 L, R
[) 70 5 &M 7 S5 1 S0 B8 5% I SE/HAp &R A5 7 48 1t
6 T 1 U R, X A L ) TC R s AR P SR T
Ji i 7 8O 5% HISE/HAp & SCAUE AR BT B T A
VEAL A AR RLAH G 19 S0 052 S I, 45 3R 8o, Jo i
(1) BRI (4)8]), S50 20 Ik L 40 M it 5 0T B AR
X Jo ]

CSHA RAFMAEYIARZSE . A=Wl Bt v R T
P, HAL 2450 5 5 0 240 LA EE BT o AR, #8)vZ  H
THHS T A, LI LA SR il 4 1 —Fb
PHEHT AR A HE B E 1) 2 DI REHAp/ FHZE P i/ CS I Al
Bk, 1T B B SRS T B S i S TER
o, Tk rh 7 B B P R SR SRR I PR R, B S
Fre . BB RSN L, A SRR RO T
B TR T AN AR | SEFEA RSk, b T R
20 B T A — AR AU A B 3k, HA DR 4 AN
Ul ERAB M S E B VR FEAR N SE 38 T, A A HAp/ 32
Pt/ CSIE A5 (ORI 432 0 7m0 )4 o 2l
122 HApHAZGmAMZ S THHEES MILTK
KA DL AR N A U AL 535 A S R A
MU AT A2 B I R G A B AR RE A S 4
Mk BT RGN R Z N T A A HLE 5T
B £ R 2R (polylactic acid, PLA) . IR -5 5E
LIRFEER W) (polylactic-co-glycolic acid, PLGA) FIZR L
fi (polycaprolactone, PCL)%%,

PLASE 2 A% 7= W)l — S8 AL FIK , X AR TE AT A
R . HApSPLARSE SRR T 4E4n i . °F 4
JEET-E AR R 20 R T A A i A5 34 LA RGP AR A
AT > W PLAYR B Ar HA p I B F2 18, il 48 1 W
AR A T8 A R HAp I B AT 99 K &5, Beig e it

LY i et N O = o o A A 118 = s A S (TR
PLA)— DG . B KA FI 40 M ZREREAE K, REAZI ]
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ARG R . XRS5 T E 2R . 2 misE .
Ak, WA TS0 HAp S PLAE 1 ¥ ) 1R & 10 77 il &
HEMEHTHEBEY.

PLGARA RUFHYLEWIARZEE R 2= PR RE, (EAA—f
HELZ 515 S0, X HEUE B RO A . AR R
B, ML FPLGASC AT EL, 7EPLGA SR il AT it 434K
K130% I HA pFIURE it 1% 1 (0 i B2 o A HLA S 48R G B
JE#EEEP . CIESLIKZE %} PLGA . PLGA/HAp., PLGA/#
274k (carbon fiber, CF)3F0 & &M BHIIRSMERE | AP
REMEAT T AT A ITAR : ARSI SCBG 45 R4 I, 3R S 28 At
1Y) 200 i B P AE AR TE SR VP VS Z N, (EAH L TPLGA
PLGA/CFC 42, PLGA/HApC AR | J2 W 240 Jfd e hvy B
i, 3 0T Al -5 A W76 PR 9 K HLA p L1 X6 200 A 4 3 S+
X TEARNSZEG T, ¥ PLGA/HAp . PLGA/CEE & 3231y
ST AT S S AL, T35 51T 805 B2 K Ar, 45
LW, PLGA/HApS & SCAR HA RAFI A AR 2, BE
4R 0 BB AR A TS, A T T 1k

PCLAL & —Fl il A= W B A i 40 TR A, B
) i rkfE . FAE19804F, PCLEEAE N F AR AL AE I
IRFA AR, FURTOSSE 8 1 i 45 22 H R il 46 T
S FPCL. HAp B EEPU ARG &2 A 41k FF A B4 2
TR D AN T P AR AU . 45 R BN, PCL/
HAp/ B 5P AR A S ARARAELAT B 14 2 i AH 25 P A
PR BB ARV, 3 T D22 R By S VG AR LA 3K BT 1
R . BREFHL D5 228 AR Z A0, AT 2% 3 38 L I F TR
TIPS HERA 145 R A HAp RIPCLIM & G 4k
1.3 HApSZHHMHEBENMMETES

HApZ U &M RHEUE LS & WA R Z T RE M 5
AU SRR i, T8 43 R AN R AR TR,
o E S TR R THRHE T B R B% . DONGAE'45
GV T - JBE 1 R 3D AT B AR i A TR AU A 3
HAp/CS/SiO, 5 A 3B B4 SR BA v 1 H.% 24145
Y, HL S HR A 53 v A SRR TEHUAR SE 8 T 40K R 2
BIHAE . AT CS/Si0, 3 42, HAp/CS/Si0, 3 2R ML 7K 3K
I LA B2 5, O B SRR /0N BB ] 72 0T T 40 9 2

ISP A1V 0 AR i o e 2/ ST R RS e Y I [P e

(BMFRES . g ) e G & R AR A R, JE[R] £
PR o ZHAOSER B JFUST 45 T AV R TR R 1 45 1
T EFe,0 40K T FIHApB A CS/Cola LR, il 45
T CS/Col/Fe,O./HApE & 342, TEMRSM I, ZE G
SRR T LS A AR 2 MR L RS 5E DL RS A
Y F 5 78 DA i 458 o B 8 4 44 P S 36 o, CS/Col/
Fe,O/HApE A 378 5 %) FRZHAH LU B T4 2 8UR 25
PR 1 e B P A RE 1. CS/Col/Fe,O/HApR 3%

ZR) P A A500E T UH PR) T Ml 2 A A e, O A8 AR 11
FHELAEF, E 3G T 1 3808 9 B A KL ) AT e 1k — 20 A5
ZIUE SRR MR Z IR, JUHE AW R A
FRILEE I, &5 2T IR ARIDIIE .

2 AR EREIA

2.1 BEFIEHEMEMEHEBEE

A RRIR B 1 5T RN K ZE5AE IR AW I Ry A= Wbt
BHE R T B ZE A AR Y 2R AN, HApFICOlfE AR
) LSy, AR — 3 W BRI A, IF R E IR A S
AL A A R LN S 7 AT N TR 1B 0 e 747 A e
YA ALY Ty Ik RS S B H A p St AR FE S ST 4 Py 3 AL (7]
H AT, DML SR B B A 2 ek, pal B 2 8L T
R AL X 4l A W B 7 (43 a3t 4 i 8 A K DR ) B9 0
PR SRR AR o BRI S 0 AR L E e
W2 2 B U 0 B AR R B iR R R 9Ok 2 5
VMBI A RGEE . AL, IR EZ R ARE S fEHAp
B B IR OR B R DA RRIE Y
FI B U A R P4y =k e A= AR A kL
TSI T SO TR P IE T e 4 (i
FETFRRAR AR, DA SE At J2 i REE AL 70K
22 BEEEFIVEILEREHEEE

SRHA R FL B4 I OC 28 3 i 4 RN 3R S5 4k,
YL FLBARR A R T A m N AR . T
Il S B A 52, IS AT UTE Ry %, LEESF" MR AL
#9250 umE{500 umAYHAp/Col/CaSiO,/ R L M 4
SCHRAE AR BRI S St X, JF7E8 ) Je id i fe 1 Al
WA R AT B IE . 45 R WoR, KRR H
500 um MY S EHBTE L E IR . B, X —RAfLRE
B T REANIE T ek, B, e R R T
HAUT A SR Z A, I B AR5 H AL B e R/
HANZ i T 0 2 U e/ R0 24 1R Uk J2 D e Ak Y
HAp&E & 3 BN T B HL M FHE: a3 A2 H
HIRIZALEEH, FLBR 3R 2 66.5%, MR HM A 1% 552 F i
W OB S S AR T X Fh LA R A AR
DL A PERE
2.3 B iEERIEREHEES

B R R KA B B A T RE T SRR R B R
AR AR S BRI A B 5 7 A R R AR DL BC Y
HAE A AR, SUSIG R T HAp/Col 8 & 4, 3144 1 2k
AN R TR A M8 H -2 (bone morphogenetic protein-
2, BMP-2) lYHAp/Col & & 3453 IAH A e I B 43
fb o RN, BMP-2 AU HE 1B BB AL, i i 1
HAp/ColBE & X BEHI R . A WF5E R, 7 BIR a8
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20 B BT 3 Y H A p A DR i R 18 0 1), X AT B 23 1l oK
A R BERE A A R B ST SR,

TiEh, —SE R G Y (IR FLRR ) W = ) R e, A
FIFJRET W E TR . ZHANGSE 7l 1 1 %
PLA/HApE & MR =35 19 LU AG) 08 b B8R e 7 1)
pHIE, ABIEA 25 T M0 s il iR Bs . 45538 M, bl
HHAp & RGN, pHAEZ Wi T+ 5, *PLA 5 HAp it
Fe o2 = 8t pHAE T 317,39, FEMAIR Y 1E 5 pH i 53
(7.35~7.45) Z W, o] LI G e o B Al 8Un B 5 .

2.4 E3DITENH Rl EHRUEHBES

1 0 A A T A 5 A BT B T A AE
— R Y RRIR Y, (L 50 LS TR S 45 O vk R R T
e ER YT 2255 ) ME LA A AR B SR R 1B
TR L) S B AR, 3DFTERRE AT LA 4541
PRAE AL 5 BB ARFA VT BC 1 A= By P RL, T DA T ER i
TR AR NG 5 N FEALBR S50 . MASE R4l fe B
SRR AL 1) S B BB 8 B0, 8 3DATEREE AR - 1A~
AL HADP/Col/Ti AL VSZ L . HLAR M RE MK B 7w,
HAp/Col/Ti, ALV LA BA AL H #0947 A B, 7T T
AR R R BB & 5 814 1F Al 7R, HAp/Col/
Ti, ALVE & B e HE 1 i A A a5
25 BUMEMHAFESERHIBES

TERRPIRAST, A WA RL S 5] R 20 20 3P P A2 AR
VCIC 1 BRI RE JIFR Ry F1 AR B AR R A
B I1EAHASE, 5 A 7T e B R R A E A 2 56
TIPS, AR RVAL, SAAE I HA p A7 TE W R4 ) 1
AN LRI P i R 55 [ S, A K b B o] T AR L B U IR v
BN . P, —Se2 3l A HAp R S AR, DA
HApI J1 2= M 2 AT 2 i3 B B 0% . N, LIAO
SECIE T A A BT A A5 T HAp/BERR BN/ CS I A A KL,
I G g B AU M RE R AT T PPAL . S5 AR 1
/N, HAp/BEIREN/CSIE G A BH BT 3 B 4134.3 MPa, 5
FERSRAN T B 2 20 v L5 28] 1) 5 B AR DTG, 495 1 B2 1
BR . RIS T SE/HApE SRR, Hibu s Al
k63 MPa, £ & B 2H LU TR S AEN IR BE 2K . A, 5
4 I8 A WU B TE], HAp K H A AR RE B 4k 454 B
H— BRI . TERARNG, Bk a H 2] M HAp
WHEBRYSLER A, SO B | WS S s i, A
I, X T HAp J AL G MPRE ALEES G AR N T
BIVEAHBAE, X TG 0 802 1 2 25 i 5 4% 1)
HEEE,

3 BALRTREARESRKAESHMMTm
Collagraft™J&—Fhilfi K fE Y A &5 F AP YR

fir, T 19944 AR5 3¢ [ 2 i 2 it I B A Rt v . B
L S B 65% M HAp . BTt 73 5k 35% 1) B-TCP Al
JEAiALY Col- | N ATRA Y, I AT % T 1B 4
fit. CORNELLA"#f¢il T —i Collagraft” H T¥AY7T 2k
KB FI AR RIS H 1986 £ 19914F 307 26715 & E
PN AT Y7 SE N o S B e IR ik e /N IR E A &
RFHE s Collagraft* 4t ., 61~ H F124~ A WIBETEEE %
1, Collagraft™7E Fl TiRY7 2K B TR 5 A AREE A
e .

Ossceram” nanoJ&: F i1 435N 60% A HA p A1 i
G EURA0% I B-TCPLH LY 24 . AT WIS i) B 2R AR Rk o
2143 ) B-TCP o i s T HApHIRN 5 B >0, 25 B-
TCPANR T 8 e 5, HApAJy T 445 S 4R i IR
1A, Ossceram™ nanof il ALE YA | T A=Y BHT B T
A, RALGSHA FI T RN, AR E5H AT e
.

Geistlich Bio-Oss" &AM BHE R IR 4B P
B 2l B HApFEAE W AT RN, )12 o F T 4 ) B ik
PAAGHTE SM B B R IE R . FEAR# 53 1, Bio-Oss™A]
5 TCHLEEFFHVC AL . LA, Bio-Oss™ B su it L 5
NEZALE W25 WO Z AL A5 AR, A B TAEALL
FERIER S ALK

4B B AR R 2 T 3 B 45 % R HApFIR
IR 55%Col- T 4L, 2B R RH HIAE 2L
R TR AR A M AR B 2H ke R, A A
P57 KR B ST RS B RAAE, X i HAp iR ¥
AR IR AAEm IRl . oAb, #8400 1 PERe S
H AR, B 5 5 A B L 2L ) A R B AR DE L, LA
RAFI AP R

HEm M HApE G B2k o, HikE
fER2 I . B —LRIn RO OE T AP e HApAE &
FABHHIAE B RS i A7 28, ELIX BE B AR 2 WL
PERIFSY, BRI, A5 ARG = B X A = i 8 1 o 2 I
PRUEHE,

4 BHESREZ

HAT, HApM EHE R HZU TR B E s AR ] AR
AOMLAL . (ER, TR e | (RoREE  Thae s —55
Hikcoms, B R HLSEIE T HAp AR BB S RO .l iR
HAp S ER B E &, ATLIMR IR T B RE . AL
WA RBE T T B HA M HApE S AR BT T B
R, 10 RAETARTIHAp S & BB 18 S HOR A58 34
Mo FEARRBIPIFE R, I EACEHApE S EHEA
PRG3R B S e BOBE, DT A AR 3 1 85 A 2L
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Table 2 The name, composition, and applications of some HAp composite products

Products

Composition

Applications

Adbone”, Novoss”
MimetikOss Granules”
Nanobone”

Biosteon” HAp particles in PLA matrix

61% (m/m) HAp, 39% (m/m) SiO,

75% (m/m) HAp, 25% (m/m) p-TCP

80% (m/m) decalcification HAp, 20% (m/m) p-TCP

Bone substitute

Bone substitute

Oral hard tissue osteoinduction

Reattach soft tissue to bone

HAp: Hydroxyapatite; p-TCP: B-tricalcium phosphate.

AR M B SRR R RN . R T B AR A LR b
ARG G B o B 0o Mz, I BETFHAp R
EAPRHLE 4 v 2 A Ak, DT B R] 42 2E-1 2 2L A
AR AR R AR R AT 0] o MEAb, H AT 3220 K B
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