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Abstract

Human bone tissue contains various cells, proteins and extracellular matrix, wherein the extra-
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cellular matrix is a polymeric network structure formed by cross-linking of various biological
macromolecules. Hydrogel refers to a three-dimensional network structure formed by the close
cross-linking of polymers or colloidal molecules. It is a polymeric material with high water ab-
sorption and hydrophilic properties. The structure of hydrogel is highly similar to the extracellu-
lar matrix and is widely used in the field of biomedicine. In recent years, significant progress has
been made in the induction of angiogenesis, cartilage tissue reconstruction, and implantation of
synthetic bone materials. Chitosan, as a polymer molecule produced by deacetylation of chitin, is
the only weakly basic polysaccharide with polycation in nature. Chitosan hydrogel materials have
received extensive attention in the application of bone tissue engineering because of their good
antibacterial properties, biocompatibility, and biodegradability. It can be used as a carrier of
small molecule drugs and has a slow release effect on the target area. In recent studies, tempera-
ture-responsive, light-responsive and pH-responsive chitosan hydrogels were constructed by in-
troducing other molecules or modifying natural chitosan. This article reviews different types of
chitosan hydrogel materials for bone tissue engineering applications.
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1. 5|

FENAA A R i RIRARML . 8 AR AN B R R e AL, B S8 issidf AR AR
(7 N B BE TR B ) B AN L pH (B S hRE[L] [2]o Ferb i RURAHMI T 2L 5 i A0 . - 4me . Al i
CLRCH TR, AR AR LA B BRSSP R R DI RE AV AMF[3] [4]. A EZURIEEA
HIE AL, 204 80%~90%, BLAMNEAHHFR. BEREA . BMEAMNEHZHE5]. B4 Ly
KA B DR« FABUE 2 45 BB B 20%, 5% 00F HH B8 BERUIROT H R Br #rE, npmig
JU R R A5 [6] o FE 25 BT BR 1 40 3%~50 1 AH I (A T8 LLAL, J LT S0 i, IF B R [7].

FEREZE HTEUDT RGN 12 e A i 3 B30 A B SRS I PR L IR 8 A A, WIS BB SR TR /0 9 Bl sk
WEA B, HEHSBEEEREER[8]. N4, BTG EIEH & A& AL B S8
PgRE — AT IR R . H ATE B IR 7 T s B A A0 R R S A R AR A i A AT
ARy FAEAAAENUAGBEHE T B RV A7 BRATAE LASRAS LA i 75 B2 00 Sl TR M R S ke, X S
BEBR BR8] 1 e AR B ShaiG YT RIS I [9]. VRO —Riop iy T Jrid, B4 TRE R A F 4a
R R A PR A AE VAR 0 P A Bl = b A5 R A2 5B B AR AR R A5 1 ZHZH[10]

TR A — R BT 8 22 [ G5 A IS IRR 59, AR 2> T 2 vh B s FE SRk PR 2R 1], P DARES
W PR R 7K 3 [11] e KRR R T K 22 S B b 22 LA M O H 5 N AR A2 ot 5 Ay v FE AR AL, FEAL T
FEFR, 0 HM RACEE I B IX — R PEB /N 7 2458, AENLA TR BIZERIERT, B LR S 250Kk B v
HOER, JFHIERIRF R ROR[12] . BRBELASL, KBRS A 5 T IR BB, A2 MRk,
A FE A PIEAT IR BT AS B BA ) LA 58 1 5T PR K B [13] o e i 2 XA A T i 7 A A R — W AL e
AR (R 7K B REAPR IR BN B A » 368 R T BOIR 25 B S S WD S ik ALAS, LA AR T R AR B AL S B2 [14] o
X T A o S8 P T A 2 W S A A Y BRI RR 2 DR D i S 7K A » 8 AL FR) B X 4R A1 e AT DL iG55 PR i
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PR Z T pH A8 AT A LB AL SN PR A pH i 8 7K BRI o 3K 68 R ) S AR B B A |72 O L
RIS, SR W YA E S TR 1, I LT UGS AEAR T AS U AR B B SR 45 [15] - [A]
Uk, GBI E TR E AR R, SRR — M BT R E T2 hE, iR R L CGEL R A
WPERE, JFHEA RIEFRAEDAREE, H8 58 R ABEI 1 SS B i R il i A R AL S Pt A7 2 1 5k
B ACER, TS B AE VIR A AN S R RO, T 52 S AR B R )2 B
PR TREIURF[16].

2. REBFEKERR R
2.1, REERFECERR

FIH AR TR R G 206097 FIE R AR — M BUR 7 05 Jl o ol vE S K R A E A
B, v DAE FEAEAT SRR B 1 SRAT S A7 B AR s i #5 P AR e 2 T I AR TR B L ZRE SR
ROR, KRR LA D Il RANRE TR T[17] . 58584 (Chitosan, CS)J&—FiURIRZ BE, JEIL 7NN - H M BERR
P T il — PRI GIORT VR S KB o IR PR B /K BE I BBV 20 A, TR B BN R R A A 751 DL 2
TEMIR T RERE PRI BEZ 1L .

Dhivya [18]% K T —HEE(Zine, Zn)15 2 1) 55 99K #2245 7K 41 (Nanohydroxyapatite, nHAp)/g-H
T2 (Beta-glycerophosphate, 5-GP)/K#Et , T f-GP HIAFE S BUKEAE 37°C I 2IETR - BIR AT,
IRINE nHAp B BELE AR SME3E B M 34k, AR B T . AR 47 2 26 2 BH 7K St Fe ot 240 A G P
B, IFH A R AT KB (Zn-CSINHADIB-GP) ZE 4 PN AN 43 7 7K P A4 i /K St s 1 B )
W

Wang [1918 %8 T — Firoc S WE/ i I 85 1115 H il B8 R 52 45 7K Wk e 3 2 )i N B i T 41 i (Human  bone
marrow-derived stem cells, h(BMSC), &7rH RUFHIAEDIAZAEYE, 76 SR IR 85 1 #02 R AR SRR I e 40
TRRE, ATVE N A A L R &R, BUOAENT RGBT RE 1. 725 - IR B A /KB
MR B 2123 TR v B T A R B FH IS

Taymouri [20]&54 4% T 52 JEHE(CS)/42 & (Silk fibroin, SF)7K¥EEIR 45 & X% ik % (Dipyridamole, DIP)
B3 1) 58 N s 44K 5k (Polycaprolactone nanoparticles, DIP-PCLNPs), F-F DIP [ Jmahiz it . 144
PRI IG R %A R AT RESE R DIP, 4HARSEES o H B CSISF 7K M Ak B 4 it Pty 8 56 A0 i 7 Ak 2
T B AR NGO R T A B 4H M, G /KEER AR = M BE R B ik R T H T AR AR .

Pankongadisak [21]15 ] % 1 72 S 0E/ 22 i E - H I B IR 2 & P BUK Bt I LA e IRFFHE L) . 7Kk
JBAE 37°C T RERELE 10 43 N IRIH R AR VA MR-BE IR A, NN 22 Ji B AT B IR AL I TR i B o /K BRI R THT 2
AN B EiAs Z ALK, H EXTAME 8, SCRAIMITE KB R T I  « RIKER A HR T
MBI R 77

2.2. pH MRl R TSR BE 7K BE R

KGRI P 25 R 25 A P AL GRS ARABL, AT e A1 D 240 PR S B R 234 R BRAB AR 858 [22] o FFR —Fhid
GrE LR AR N B JEAL I BT S 7K B 200 2 JUANFRitE: 1) RERSTEAR A AR B4R AF R AR IR - B
AR, I BB 2R 2) B RIS, TEEER A AR b DR AR Y B I FR A 28
A FER: 3) KB RA WS IGIEE GER], XF pH SRIEBUR, EORIR AR A E A
[23]. pH M 5 5 SREBE AT VE S /K BEIE,  AE B e R o B A 2 KT T .

Rogina [24]55 4@ 1 — Bl EABRER VA VE R BE 1 pH Wi 250 SE0E - F2 R0 A /KB  BRIR AN 1T
L AT DMESE R RE - BB TE 4 /B POd B AL, I oA, R AR I B N R

DOI: 10.12677/bp.2022.122014 126 At e


https://doi.org/10.12677/bp.2022.122014

JH Bt

FE o AWK ER RIS AR R, B R R P B KER " R X R pH e R 5T SR
IKEEI B 2 2R TR AUt o B A7 %

Zhao [251%: N ¥ it T — Fh ¥ F 35 7% B (Carboxymethyl chitosan, CMCh)/E & ¥ i 2 45 (Calcium
phosphate, ACP)/K &1 &, i & HElR o- A BE2 —FPERALA], F T3R5 pH m B ] v /KB . B 7L
R, KB EA BT, EARINETE T AR E W P A E RIS YIRS, SCRRGH I 39 e A 24 i
Kbt pH BUK K CMCh-ACP 54 /K& vT R 233t — 20 K OB B i 2H 43 T RE SO

2.3. el R FEER BRI B

BT RNE R YA T s HUmE P FL Ry B 223 TR R A rh il sz Wi g iz A kL, (BH:
A B AEAE (VR 22 BOVE R DL SR I g 2 1 RE PR 1 FEAE B 2H R AR A0k o 1 B FH [26] « 52 SEBE A i —
FIEMITPE R AR, HAE PSS NIA MR, A R EmmE &t P, HEMErnRE
FRPE, IXAHIR MR R SIS BRAR E[27]. Blls, 1% 52 MR MR IE R 2ZE I R A, 2 225 3R H Tl
RARFEIENEIAT O, T 1 58 SEME A 14 L SO e SR

125 [28] & 1 H5 P 5k R T8 I3 A 7 5 RO 7 PR VG PR S b, 0 5 RO S e s — o PR P s Tk
FEFEIERE, WP TS TME AT DL RS A S, R I 3 2R B S A AR B A S T BRI AR AT TR IR
FRES, 76 3D 4TENZ FLAKSC R B KB IR Z . 0 I S50 3 WA 1) R A B K bR 2 A R
U R AE A 2, X TR R R AN B %3 3

Li [29]%44 572 J 0 oot B N-FF 35 75 0 19 52 2 i (N--methacryloyl chitosan, N-MAC), ¥k #
(Hydroxyapatite, HA)VE &, JRALEE 4N B 45 1 IR S 7K B DR 3E B Bas 0B B4R . N-MAC /KBt &)
BRI AFIE 2 IAH] 80%, KU N-MAC HA RUFMAEMIAZENE, W LME N TR 4H 40 3 5 i) i
ML 4 N-MAC /KBRS HA TR SNBSS SRV A SO0 & B AR IR AR 45 SR 3R]
KR AT DA S B 4R A

Yoon [30]]4% T A& HAAKE T-pL A TEAKAER -2 (0] Wt R 2 8 52 R0H AT vE 5 MK
BRI o S0 3R BH 2K Ut i A 28 ml (i k4T () AR AN S B R 23, I LK I I3 17 K RO SR A5 3 7 1)
TERG R TZK AR B BRI BT E AT I R N 77
2.4. BINEMREYMS FHTEIENER

B I () 50 SR /KR I T BEAFAE J1 2 MR R S R VEREAS RSB0 M, AT N R AW T LAk
KRR PERE . Maharjan [31]Z5K 725 £F 4 2 (Regenerated cellulose, rCL)4NK £F- 4 5| N 58 S H (CS) /K Bt i
H B K BRI E o SEER R B rCLICS & 7K Bt I S AR SCRF 20 B 1Y) PR A6 AN B, DI i BRI AN 96 R 40
Getin g A HZOK IR AR A — @ e TR RE, LT DUE HiZ 2 A /K ER & — R iR N AT St a4
GUTFE =G E 28,

Bi [32]45@ i B FH 4 5% 2,475 (Poly vinyl alcohol, PVA) 5 58 SR & 4% 1 — Flowl b 28 K B o« WF 5%
ORI & KB B BRI AMEYIA M, I NBRIEBEK A, BRIRKER BG5S KR a5
T-4H ii(Rat bone marrow stem cells, rBMSCs) 7L [ RE ST o A& N BSR40 B A a0, XU 28 7K BEI e ik 2
I G B R AT AR )R R A

Peng [33]&5 Wit T — i L (1 58 IR /52 BB (PVAICS) £ FLAKBRIG , FE L5 T B0l B i 4
SeEG Ak R PVAICS AN EEtE, Aefeibdnuigis, 75K (A G th oy s 2L A se ot b e B i 1R 78
JR T4 K B M R A R B . FHE T LT PVAICS ZALE GKE IR & — R IF s & fee 4
LT FEM KL
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2.5, FIAEMEYEN S TR RIS

FERWA s, SEIFK 1T BRI BRI TR AL S R %, E54EY
TEPE Sy T AE— E I A] N BE S BV I ELORFF — @ IR FE I8 B A K AR Wi 1P DR 1 3 S A 58 TRMH /K B AR
W, C& RN L TR R 7 e ) 5 R 715 R

Meng [34]1Z26 E7 S ARASAR ) i 5 i 3L )5 (Demineralized bone matrix, DBM) ik 5 7 Z ki (CS) /K
B G, Mg T —M4 8 DBM-ET/ICS MEACE. X BEEA RIFIIAEY 1R BRI 042
BVE. mJEREME . SCRRA BT AR B, DA R R R N R T e

Nandi [35] 5518 AR AL IR 7 vk & L. RALFE IS A E A B B B A . S50 3R B AR Y R 5
RFARKEER-1MERESRKEED-2 FIBEBURERIETHREEULEA. RUFZEETERCREE
EREADR AN G AR K I EAR, NiIm R E R R L T AT SEiL#E.

3. RESRE

AR, BT TC RBE IR KBERAE B R TRE P A BREEME . W KRR TR S
F A 5T SR T SRAT ) B2 KB A R BB AL S A E 5 SR RE, T 58 SR /K It I i 22 v 17 178
pH Wi B AE LR S N2, 7RI B AS B R DIE S 1 Jo Ao R0 B RN AU ) — P Al L 52 7 (e A et
RO T2 RIEE ML, (B2 R 1 W R A . PEREEDT SO AT AT, X et
FEIRNE S A KBEBCRE S ACE 2 B4R, I T REE— D IF R IR ML, US4 b 36 A B A ) K

H AR

SE

[ JilR. AR S SR oW B S M AR BUE A [ 2 REESEER B 7L [D]: [FE 200 30]. K& HMRE,
2016.
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