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Abstract
Bone defects represent a significant challenge and urgent issue in clinical practice. Bone tissue
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engineering plays a critical role in addressing this problem, with nano bone biomaterials showing
great potential due to their unique physicochemical properties and their biological performance in
promoting bone regeneration and repair. This paper reviews the current research status of various
nano bone biomaterials, including nano-hydroxyapatite, carbon nanotubes, graphene, and nano-
fibers, in bone tissue engineering. Through comparative analysis of these materials’ physicochemi-
cal properties, structural and mechanical characteristics, and bioactivity, as well as their applica-
tions in bone tissue engineering, this review aims to provide new perspectives for the selection of
nano bone materials and the development and design of composite bone materials.
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Figure 1. Classification of nano-bone biomaterials
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Table 1. Physicochemical properties, functions, biocompatibility and safety, and application examples of hot-topic nano-bone

biomaterials
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2.1. GIREEBIRA(MHA)

nHA 5 KRB H PR R ARG, TN T ERALATEMBE. /EAE TR FEL
MLy, nHA BA RIS RS 1.

2.1.1. ¥IEBLE MR
nHA R REH 20~80 nm, BA m R, REWIG R 5 RIS A BAE T, (23 s 40 M ik
B HEFEAI B[],

2.1.2. nHA MER 51hE

nHA FIAEYIERAEYI(W PLA. PCL 59)E &, LR EREESMER 15 R . ENEEMEIAY
RE nHA FVAEVARSIEREYETE, Mg 7 s BN EE . B R, nHA/PLA B&HRIRER 2 & 12
SR ER . nHA B LR - AN G, ERREERISME HA NS ST SRR
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RE R E G R E A [13].
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2.13. $UHEAMSERS N
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2.1.4. BIFSEHI
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2.2.4. MRS
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RO TT B S 2R REANAE YR E . EEfn, CNTs 495/ PLA F1 PCL &M BHA R I4F A TR 2L
Vobe sk, RPN B BOR BB B AR JI[20]. BLAL, CNTs i Al N 7E & B AW HGE
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1 8 A MR R IR R AU R . A, KR SA R E W E LR, FohT 5HAM R4 45,
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2.3.2. ARBERER STh8E
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Figure 2. Mechanism roadmap of nanostructures in osteogenic differentiation

B 2. SRR 73 1 P RIHLHI BE £
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catenin. BMP/Smad 1 MAPK 15 Sl ¥, XUU@ AL E R RAMEE PR K. Flin, nHA 75 peE 40
SR ZARES, WOE TS S, ek s g s Aa 46317,

2) TESRS: GORAPRHTESRORT S TR KR ) 25 B3 S AT A . AR, N —L
YRR IO B B8 2 2 s v A PR B RIS G, TR R RN A B 2 T R 40 B 1) 1 DR [32]

3.2. ZARESMILEI

3.2.1. EEMHEFMERE

YRR mr ok R E s, BT DARE 35 W5 5 A MR AR 2 M R

1) J1%PERESRTE: B, BRYPKE (CNTs) R 306G W s s i A R b s g, & B1R A WEk
VIR, R KR EE m MR BB L W FEAN BV . 32 B2 R KA R S AR bRL 2 R 5 7 T
ShE IR ) B R5[33]

2) SRR AWM UG R, EE MRS R S, W IME 5, IR
MEBMER 2 3 2 H B IPUIESTRe /1. BN, &84 Sm R 0 26 M BHE 71 R
D AR T e 5 B RIS

3) BiJJEEREFI L DO BHRETE AR A O B8 ), T SRR 1 4E v, BT ARE ZE K4
5 [32].

3.2.2. EF - HRAESES

B - MR 45 A R S K AR e R . gRA R BB I £ Ao S s IX AN AL
ghty, Wi RN A T 24 MR [34]

1) RMAEFEN: PORMEHRTT AT DT, SINRIEE, RS H], XSRS
B S B T R RAR B 5 A, (R AEIR . TN E - MRS & 77, X RMB AR
AN (40 [ e P A AR e MR [35]

2) EVIEERIE : AURMREE BRI SAE YIS TERZE, AR N R TH ) A A 25 1 R 45 e
71. N, nHA BRZETHRE R - Bl TiEB S B SRR A &R T, WEREE SHENWI T G50
[27]-

3.2.3. EFHFEMFEMEFIRX

R R T R AN ZG B8 T RE R T ShBEA AN, AT (Rt B L L

1) BRG] SR8 A BRADRE RUA S B G m T, ArCAnT T sl S e k. B
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2) AEWIEER T3 9KADRH b TR £ FLAS B B A I A AR i P R T 1 B dA, S
A K T 2 I R, T RS B A OR[35]. B, AL A SRR T S AR A R A (BMP),
TEB SR AT AT KRR, B A [22].
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BN o, EGURM BRI A K F Tk, T DERFH AT R E 7 5 ey F i g
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) AKRETFES: AMRER, GRMEEEKE T BMP-2. TGF-B)IE & 42 mT LAl a]
PERETI, T S 35 B e B SR X S P B i M 37
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4.1.2. SRR

BRI R E A TR E BT 7 H) o IR EEAR S0 ARG . pHL FLIZH S i
L= A THREME AR Ak, BT AREAE S 2% A A B Hh AT Z B PEF

1) IR R TR SRR REAR S PR 5T I (K AR k4% ) 25 R A R &S ARk . IX R e R
EHHEAETERKES, FACATAT s SR ARI39].

2) HSME: SHEASMSHRMEANRAKE . ARH 4SS5, TR T REEEE, I
5 Bh AR 40 M B S A1k

4.1.3. 3D TEN 5 MEKETT

3D FTERREAR AL EACGUK B AR B & 815 AT B BERE B2 1 S AL ) B AN AROML 25440
T R AN R R R R T R

1) MA@ 3D FTED, WFFTN G REARE B G5 1 TR AN /IR ARG B DT 1 S 28 . X
il 77 5 e 3 4R SR T AR [40] .

2) SAEEMINISEIL: 3D 4T EEREHIIE S A M 2 LG5, DRI B bR R AR KBRS, AT ik 24H 24 i
HHEEL3].

4.2. KIKERE

MARBEVMEHER AL TP OA RERRE, HEAWL R H RSO ISt Rk g 2
FEIXEET5 ] 15577

4.2.1. SRS ERELEIT

A JE K T B T 2 IR ARV REAL I AUR T BV R BN ER M EBE TR0, 1B
FIREAE AL PO TR L« pH BRI SR SRS S [40]. B, AT BAWE A ez B 25 el A= M Al
HUEREARL, DLBR A AL ARG . IR HL, (500 S8 BB 9K 5 3 s R e i s AR P
PR AR KRESE N S AW ARG SIE &R .
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