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Abstract

BACKGROUND: Biodegradable microspheres, which release the functional modification factors encapsulated in them through self-degradation, can improve
the drug solubility, half-life and other properties. They are widely used in the research of bone defect repair and regeneration.

OBJECTIVE: To review and summarize the application of biodegradable microspheres in bone regeneration, the advantages and disadvantages of various
materials used to prepare microspheres, as well as the new technology and modification methods of microspheres.

METHODS: CNKI, Wanfang, PubMed, Elsevier, and Web of Science database were retrieved using “biodegradable microsphere, nanoparticle, bone
regeneration, osteogenic” as English and Chinese keywords.
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Review

RESULTS AND CONCLUSION: In the research of bone regeneration, the materials used to prepare biodegradable microspheres include inorganic materials,
natural polymer materials and synthetic polymer materials. The preparation methods include ionic gel, solvent evaporation, spray drying, phase separation, and
sol-gel method. Although the microspheres have excellent biocompatibility and bone conductivity, the osteogenic properties of most of the materials are still
not ideal. Many ways are used to modify the microspheres, such as loading osteogenic factor, anti-infective factor and angiogenic factor, making it possible to
functionalize the microspheres. The optimization of microsphere processing technology, the construction of composite microspheres and composite scaffolds,
and the introduction of new efficient modification factors all provide new ideas for the application of microsphere in bone regeneration.

Key words: microspheres; drug controlled-release; scaffold materials; nanomaterials; guided bone regeneration; growth factor; anti-infective; angiogenesis

Funding: the National Natural Science Foundation of China, No. 81701019 (to MSQ); General Project of Tianjin Education Committee, No. 2019KJ173 (to LZH)
How to cite this article: MA SQ, WANG J, GAO B, LIU ZH. Biological advantages of biodegradable microspheres in bone regeneration. Zhongguo Zuzhi

Gongcheng Yanjiu. 2021;25(34):5517-5522.

0 5| Introduction

RBE. Bt MBFREIIRGFTHRETETLERK
FARGHRAENR, otk REAFATRTEKR
Pk, FEAMS IO ARE. FRFRAZETY, B
B BAR B WS RE RS TSR, AR % TR,
Yo RIBA . BRI B RN, 5K S HLEF .
FRE. AT RAFFTRANERRS, 2 TEAR
SR REHG S, A A R EHEF RS BB AT
B—F eyl R A .

A Y IERMIR B T AL R PO AMERMAL, RRAY
T BB AL 64 £ A AL AR S R AR B AR, {2 E
JUH S5 B R bR I T RGBS AR P %
IR AT ) GG AR R AL SR R AR AR, BoRARAR T e
AR ARAF OB T R TH, LAHKXAdE, TH
T AN BB, Ha kA% LA T @i
FEWIEIE, Anik B EE, VEABIRE T AR E BRI,
AT M B G, M RGHFRH Y, AT AR HF
A MF % ey B g, AR 2257 T HE S
FRA . B R et A R A AR B A 3 A
ERBAT T, 2 B LMK BIVEA A o £ A 5 ik
T E AR A P A AT R AT 4R A

N

&

1 #RF0755E Data and methods
1.1 BRBRIR &% —4EH £ 2020 5 1 A #ATA R, wh T
EMERBIR . R T . BRA, RRE” A F LK,
¥k CNKIL 77 77 4098 &
nanoparticle, bone regeneration, osteogenic” # 3 #5419,
#: % Elsevier. Web of Science. PubMed #4385 & , TR 22 32 4k 9],
¥k LAkG BT IR A 2011 41 A £ 2021 41 A,
1.2 NifbngE
PANFRE: OFFR A A £ TR B ) TR 248
0Lk, @RAIMAR, R AR, FMETE.
HERgFRfE: ORAE. WEFRBRE LK, @IFH
A AR, @I A T8 B 69 Lk,
13 REIHME & AR & 249 384 F Lakey iAot %
#ATMT THik, HRAESZIMRAERZHLE, 2T
IR TR A NS BRAO HOPEAnE ME, RAST AT R
89 52 B LARIEATJAth 4T, Hof oF LK 8 5, FEL LK

A “biodegradable microsphere,

5518 | DEHEATIEAR | 5825% | 55348 | 2021F12H

44 F; eI 4 B2 AR, AN 56 B X ak, JLE L,

¥ HJ7. CNKI, PubMed. Elsevier, Web of Science %} &

KR :
PO WAEVIBEREOR. GURKLT . B, R

Pi . biodegradable microsphere, nanoparticle, bone regeneration, osteogenic

!

R 13 2 SCHK 384 F ‘

!

IRIBNNSRAERHERRARAE P B H 1 207 1%

AU 52 R SCIRBEAT 45K, Herh i SO0k 8§, SE3CSCHK 44 7 51N 4 Rt

T, BREDIN 56 3R

El1l | XEFERETEE

2 Z58 Results

2.1 WIHRAA R T HRIEIR A ZARMAT 4 A
ARG THA. SRBEMMA =KL, WOk B & Tk
ORE TR BABL R HETRE e Bk 2Kk -
BREE, BHEEAKRLY. HE& T s, B2,
IR R SRR K H R, MR RAE TR w G gk
Ffotm LW AR R R0 AT E B AR, KRR AER
MR . WEE. FERRIMEAE. B FHaSFLA P £5,
A sk ey, 42, BRFHaRE A LER, AL
2| KR 6y T ROk

=1 | HEkEIE AR

W Al Kt
AR SLAH, WU VT 8T AR B SR )
Weo PUIMELT AR, ARAM, RUTBLE G DL AR 5]
[ ES PR, T SIS 4, T
AL 36155 T A K
BITRGE LA BRI S SBEALIARDR S 2R AL
B R BHR, 1T PO 3 2006790

RN AT
MR RA. ARG EEIRE AR A AR &

VAR, (SRS I TE AR
P, 25 IR G R ik,
ST T, HRZGERK. ™
RO A5 R M
VI - BEBE JRORE: RERRERAUIRMA.  AEWEME R BRI O AR &, R
AR e T 9 A A B ke e R R 1 L 7K AR 4 T R
ERESS B, AL TR MBS Bk




2.1.1 A AMEREEOIEER SN, £
RRER AT MR R S WA A RBR B . BB 245 R €A
BRI BADRIRAS . B RS T R RILE 0B 5 S
G, R AR A AR EE MR B s R IUIE
W E A, R IR T LR e E B AT A Y A E R,
AV ERE T EAMREMLS, 2P R ERMEER, b
B LB A B R AEFAEF AW IRA A RARI A0 5 AR
T, WIKBE., EARMAANERY, R, LTABER
BIRIRE T RS T AR T F R RS 0K E, HAHF
B mfRsE W A B T AR RBER B, AWk & o] B g
AR =458 %5, & pH AR s eI ad i, &G R
BB EE ) BT, B R AR EATR A RAF A LR AT R .

A WEWIORR AR EYERAL, A i
FEER 3 R AR, BA RGO AEMAN TN, RN TSRS T VA
BB T 5B T, RBARFSRARS T, FAds b
AR K BB R B 5B R A FaA P, Ak
B R E T L ORISR R R A B T B -
BIRE. MEBIR - BB I, MIUAAAE R AR A
d ok B A UM R SLEAST 2-50 nm X 18] 64— £ 4 F 5 A
H, ZBAEA UM T AR FF 69 LIRS A F AR R
WiE i BR, BT YRR - BGE HARME A, B
R R A AT RAE PR & AR SHR AL A M E
IR, IRREMOR LA BT 6 A A it mAERZK
JLE LT M A4 4] a3 7, 4548 SRR Stk T 45
BRER eIt ARk B, B RIFA A LE .

B TR ALY SR BABRE XA RS, BA
WEMRE, AHFEREEBF IS S RRFTHER LR
B EIE A, A A AR T R AR AL BCE A
B, VLR RATRIEAR h IR S M. 0T A 4 &6 AT,
BERAAH. FBA B TS T A EA + 5
R %, B2 2R TFlERFRF.

212 ARG THH RASZHFHAKREZ R Z, £
H RAFOG AW T iR A A AR S SRS, w A TR
BMIRO AT Q36 R M. IR, BEBAF.

TIRAEL A R B AR — T BB e RUL S A4S,
T B& Bk R ARG 0FHAK RIS, TEFHE
Ee, ERESLT. BERIELT . ARBALMERFH
WmAFE) T i A L XIA S T A A F s R B AR RNLE R T
RBMAL D ZATEENREATHALALEG AT
HiEFAIRER, HoRME/ TUFH AL AT O MRS
R GENE R RAET AER AR, skl BT ARELA
FA B AR B B 6 BB L &, T AR A S RS A R
Fb 4 38 RAC AT A WA BB AR KA e b i Y,

PRI R A KIRFR W — R B R, BARIREE
e B, FFERG T HAARA T, HERT @ Fam
EkE, ANNAMALAI 5 ™ B % T A 8B B AL A &G sk,
FERR KN IR F AR B R Z bk e ix &, £R5

KAE R ) 47 69 12 B 40T VA BT 2 I A K F 64 4
AR, RIS 6 KRN BA RATE B A AT % .

HEBRMNE—FRARSE, RANEEXFTRRBEAH

BEZEWH W, 2F R THEZEEMBRG I %,
CALASANS-MAIA 2 " 1% /) 2% 8% 2 R B R G oK ks R BT &
WA, JTRERRE QR RMIR, LERRE QTGN
REART sE G0 90% 655 e, ) T il B AN Il % 0 2
RFEREX T ARE @IERG B R, KRAZRREFE
SIRIRAEAN 42d BRI A R FT BT AR, R sk BN )
FHEEA MG ERE .
213 SRESMMA FRTHEMIRG S RIS
BRERILR. RIBAERERY. RTABSE, LKhEL
HRAFO N Fkbe, Bk ETH, FRZAETREAF
M. B EETRIE, RN EERShEFHARE
IR BRMA F, HRFRALKIER .

IR ILBRAR T LM THKRRE MR, 44 £k
RILBR. AR, SMHRBILBRE. HHERSHIOK
o Liksers, ZHAO M g M R bk B BBk
B ALY P Ao L BR A TR 4 0 5 SR MgO e gk ok s F K
MgO, il L IR AGIRIN fn. FEfR . RoKE, pHMAE
AT RIE 12 A A I, LI MgO #4123 m T MY
BRE, Mmaeik T ARG M, S URMAHG S8 AR
IR T AR IR R 5 ARNARF IR MR LR R IR
AW E R RAT, fe A TR AR a5 A, sobh, HIRsLEk -
BRER Z I TR R 5 R R G oT R RAE 45 SHAE Y 545 2L
EATEH RS A, B Bk g F .

RIBB LR ERM OB CERESM LR, LA
ik FTIR e, HMBER T RMFILRE CBERR
B re ) ML BRI GG Ko AR R 69 K F R E ey e PO,
ZHOU % P2 g AU Al AL k4 & T R 7 S EHF RALR
B UBRERM MR, BB S el & F AW /£ 3D 47
FPERTABRA R R E, RECHEAIRAT IR LF
BEIA R T e BE M Fa 8 AR ), T+ B E ke N
xtmfRIE AT R E I RIAE R, AP EAER TS 4 VA E,
BFT XL RIFE A WA B AP H ML

RA BT A RS WA A BT A A, 48
st F AR, BT EARS GEHAAEME A T 5
RiE, BE G LRI RS GIEA, LB RHY
J T A AR A B . A AR T AR AE ) 2 B
S8, FF R TG R AAT R, VURANEL R | A e A R,
22 FIRESELBEPHNA 8 AT A ek e Lg
BT84 A AR B A B A S, {2 KRS AEHG B i A
BRBIER, EFR, F TR EEHASAE T 28T
REFRART. WAERTFARDE FA R TS 7 ixdAT.
AR F g A B 7 X X LI W BB . ALFRM . AHEOR
&, mBFXAGHEFBERRFEGRTHRE, LAAR
ALk 2.

Chinese Journal of Tissue Engineering Research | Vol 25 | No.34 | December 2021 | 5519



& ik

F2 | WEKERARSE
TiH ML

B BB T 5 A % ORI R A R
s RGN L g A R R T
RER o A I T N SIS

VBRI R Sl S L I R S 2GR IR A
25 a5 RS &

PR AR R R, A2 S 1]
AT b, S5aER e mE T
HATAE RS TG B 4

32

WETRARERATRNERY,
H B REIALRR CRILEY
Tk
BRI 9K R oK i
HEBWILEE 240
GREEHERE R 2 B R
SR, ABARGKRL TRk
B KA

221 REMRFAART

PRRRMRL: BATAY, tdosk b P Bk E T
B R A A AAT AT L 09+ A AT R AT P, diGE
BST VASE R T o ofb, AR B EA RAFeG A AR SN, HE
FE LRI SN ERA R KSR, AR H M 0 5 R AT SRR,
ARt B A AR T e A6 A it . KHAJURIA 5 P71 5%
P RKH ) RS E T RIS RS S BIRBR B BT K
W, HHBELEBRGHATEAL, RIBLELGIAD
ERZTHLEGATHLEGS, RARBLEERE [ BABR
B ABIRRBA T B AT RS T @ EAETHA.

EKEF: ARKBAFAEES, T 25 A MAEKRRT.
o HATAA KRBT RAGE@pARRATF. L, #F
ERAEZOR/THAOEAKRAT B Xk, HARALL30 %A
EFAR, REMANYE— BRI FFREOR T, EFTH
AFFRA SR P HRELETZER P, SRERRRY
W EEEAMWELA TERE., ATEHEALAZTANK
570 % 2B RAH, R EA T BT RIFEG6 7 R
— R Z KRR, BiF 2 5REAE G RREE
H151 RAA R AL P, A€ R HOR BARAHEAGE 9 5T A 2R
FAAN R, A R A K B IPEEAS S BARE T F R4
T RIBRAECRERY | K2 IBEIE | B SR AEGOHOK,
B Rt K E G WK B AR A s, BRI
BB CRRERY | R SR AZAQWA, RERAA £5
HREHELEROBRGBEEAZIG ZANBTESATH, EHRA
I FAT AT RIR T AT mp e A HIE. ok B,

A E SRR BN : ALk R B LA Rt A4
B A AR A 6 B, NS AR b B T 44
R LAF N, EHAS TR AR AR R T e g @A AR K e
FLRA#H B, g FHMERFHAEREDHANIAY
PR RHTAR T, A Fom B 45 IR B ) AR RE B LU & B
AR SR E B AR5 25 5 MBS 585 $f 8 254 SrFe,,0, 1540
LAY IE | AR S UL RIFEELE & RAEMIR, L7
AR EGIR TR T H B FAI, BRET A B,
ELA AR e F E AR.

SET (Mg”): Mg™ BA AMEK, Gt Bas AL,
AR LS Mg™ RE F A%, YUAN 5 BYsd it R
LB CEE R BT MgO/MgCO, # 1 fil ket Mg™ #
ik %, KI L MgO/MgCO, A 1 © 18, kst aii L
JR T ea B8 7 M R AR A BB AR AR R R 5% LIN & B

5520 | DEHEATEAR | 5525% | 55348 | 2021F12H

B ETARILBRE CRERMA Mgk H s, HEEBRAM
A A I Rt AR, FAR BRI R AT S T4
AR, iR E 4 50x10°/d, ARIRAET AT 09 KAR K
43| R B s 3R 69 96%, E U H AT A AL SR A 64 RAFALR.,

REBEDY: THAFGR TRLAFHARAE LRSS
BRGNS LEE S, KL PR S HpRiEmR £,
FMERHIEH, HEFEPETHOTRRRALE., FEHhaXT
HIRF TR FRI LK, S F AR OB E K E A,
BT &) AR B F AR T B FTde R T B R 3 R
R eh a8, 1,

222 RERBLERET

ERBRMKKLT: AR TFHSFW 2L A TREM
Freganddat, SIMERAD R S el L AR Bk
AR 38 JR 70 7T vA B 2 R BR AR K i b 89 4 s Kk F . WEI
£ " AR W1/0/W2 kAR T FILEE - R T =8 - RILEmm
W, FEBIR S CliR BAR LR ik KR T RARE T Ao
AR BABR G, BRI SATER T YR T E RIFOA
ARSI L E AR R M, PORRELLI 5 “ ik dg 2k |
TN BIBER B Ao th KA A RAH B & T EBSNAHES
FoIEJE A T i 4 ook B AR, Ttk BRI 1
J) JE Bk AR F R R 6%, GRS R R AP E R, SFALAIR
TR WA AR, H—F &, BRI R E A e AT AT
o AR, AR T RES TR FRATE,

WA B ARE, EY RN FFEGEARETT
VLR B e ARAIKR A, B B a9 K B,
LIANG % " hiR o -t Kk F 2L B LA R 69 %k, 4 & B3
B A th kAT o9 I B AR AR, R I T 38 it ) A
KB Aot B o 4m 05k s R 20 0 B M BT84 S
IF, Hmag KRGS K PR SR AR SR AL 69 3B S AR

ZRK: LL37 RAH 37T ANRARR S K, 2B ALY
— R R TARGIEAIK, CEANLEAR SZHRATENR, 4o
RRAFAET RBERE, FEmREZLEMAET. S0 TFH
BAfG R AR ESHERLHZ Y, TRELHZEOH
Mefif . AR B2 SRR

FH Ik KSL-W(KKVVFWVKFK-ConH2) &t 75 #& i ¥ 1% 4%
RAMREEE, w7 2A TR TdaaBi us?
KR ok B e LBk - AR A0 F ik & T KSLW/ R AL
BRHZECBRERY [ R RABLASMIR, ST RR A F 69k 34T
T RAE, AEPSIRAE O IR R R G T AT AR BT
BRI G AT

HE 5 "8 34308 Ik Pac-525 BB AR EZ LB ERY
WMIRF AR BABER B L E B I A - mRAEFEA 45
SWyr FEABEY, 3t Saureus F= E.coli AL mE1%FFT 17
FE A LA AP E M, ER T A IRE KAEAR B A
L REIRT 3R

LY : WHRERBYR T EA A, L KER
FNAA R A AR RAF M —, LBV SHUR



NARR WL MA S P BOR B IR E ) R RAEMOR, B
BAEKRR | R RAETFAARG FRARBFAR L, EARAIKIS
KRBT RIFOIRA BAZR., RRRA R ERR 6RETE
B AT ERAASERRKI AR m, FAREILA SR E
Jo kT F s B BR B E 6 Bl B, WAL R AT IA £
YAT RAM R ERGHE, KRR ERAREFETBE
44 5 A ROR

MTE) Ak A2 E L BB K, BARE. A 4
BAMRHT AR, HEF P HET RIBAECBRERNA
4~ CaSiO, i # T 8] B kR, @itk CaSio, R R ILMKREZ T
B TR A Sk 51 BT 8) I AR IR g, K I A A 0h LR AHH
BRI R Sk RS, R BB, AUk
H A FLAE G P AR
223 RKEMOFEA KRBT BT HREIROARAL
ZRATEMNEAFAFFEART AN, RAET M
B IR BE O T TR B ST A AR L B B R, &
EFRATRPLRT 5480 ER. rid BT aiEn
ERRAKEF. o BEATAELEKEF. R LEDRAKE
Ths A RA T, AFhEARARKBATEARA Z.
R, A FHINAFARAE ) o A AR EF R R
B, B ARTHRGETRE, BRRLEFRE RSB
A KB T84 RS AL A 95 IRAF B AT 69 2R Y. DoU F B
BEAFHELEETO OBARTAEREMEL, FEE
BER B~ R AR AMKREBAR, B A KA REF ALERW
BEIRE, RAWELT BT A FHER, g EAK
AFfdlFHELETarMNES T RS 21 XitiA3)
B, KRETHEANLROELRFEHRERE TNEF
KRBT R AL E R AT A G 2 AR

SbAl, 4B, AR T E GOSN LA BY TR 4L LR 4G AL,
WEI % ™ 6% T RIBRE T FEEZHK, BAXHHNN
BB T R AR m IR e A AR R RA, MR T
EHB| TR, AR IARTARRABLEBGMIKREE,
T RIEN T HF A TS T HAGAH M.
BOLDBAATARAB 4 % i@ it LA, ik 4] & 49 #5456 A BR 25 KT 3
BB EBRAR D T Aedt BT, WAEU TR _E R A R
RAEEEE, BFOHEARET AL @RI, £, 2R
o % 04 A R,

3 pI=5#kEX Prospects and challenges

EHER, EMEREERG TEAF LS H. S5 KR
EERERA A D LA A G HEF AL B AR E
B R TG E, BT CAAE A B A AR ORI A6 )
HEAT AV B BAIRE B, T A 350 B S A BT
BREBARLEER T FHAKBAERT, sHTFard, FHok
EHNE SR KK, KA R0 R AT R AR, TR
e B UL LM, KN EAFUARGEL, T4, 44
R T 3| FLA R B A B a9 A5 4 ad T 38 13 F g A L K 2

Wy, BT T B E M 44 T B M AR AU B

SR M. BA X ROME. A SRR
F 951, BIfAe T T EHACTF 75 @) A R IRAE T 371 %5%.
SRR AtEM AT S A B A M S At Aa.
H G ey A 7 KIRANT B4l — i 69 2,

IR —FF oA LR AT = 69 S BAR, A EIR L
RBATRMBFAGT QR T, FAREE R AL EY
FRAAL, ARG BOREAR . A RR AT 18] SRR AL AR A
EEEE T, A TATERMET &, RMMHRAEFTHLR
BA YO RS G AL, At — I RACRAEE R
PR, RETHAMKGKIELE F LT 0H b2,

EHTER: DM, ERREIRTH, ) F R4
LR EFRARL, &P HILFAR.

ZHBRYIE: ZAFEZT “BRAHKAHAFES (81701019) B RE T
HEERA—AR A (2019KI173)” 64K Bh. PIAVEE F 00, 2% L%
A ¥ oty LI A3 B 5 Bk R Gt oA A LR

FIEHZE: LFEH F Y, ERMEAR AL FREILP R
BAEA B R,

S{E{5m:
).

NEEE LFHMRACEEE LRGN AAIITIAEE.

NEIE: XTZDRFIFERREIIT, BT F0AD X EH
SHFIEATEE.

TE: LFHRATLE OSSR FBRRALE T AL AW
L,

FIRGREVERR: X2 — B AHGRIRLE, AR (Grilk 4T
“FL R MR - AR F REF 40 R, ESEIIAGERLT,
AFAHAA T LM B 9 R TFRIA S, Ay &, B AHE
TR P AR, FTH. EN. A, 7. k. BAREEZ K, T4
Z s &3, ARG RARERLCETEERE,

TR ET (RAAGERZFSMIREHLY (PRISMA

4 SETHk References

[1]  WANG W, YEUNG K. Bone grafts and biomaterials substitutes for bone
defect repair: A review. Bioact Mater. 2017;2(4):224-247.

[2] BALDWIN P, LI D, AUSTON D, et al. Autograft, Allograft, and Bone Graft
Substitutes: Clinical Evidence and Indications for Use in the Setting of
Orthopaedic Trauma Surgery. J Orthop Trauma. 2019;33(4):203-213.

381  ZEK, EHE, HH,E WSO RPRE SR A B R R
F ). R EHR TR ,2021,25(12):2612-2617.

[4] HOSSAIN KMZ, PATEL U, AHMED I. Development of microspheres for
biomedical applications: a review. Prog Biomater. 2015;4(1):1-19.

(5] /S, MER, £H . SRR IS & i R AR
HERE (). PR D R 250 & ,2018,32(3):176-180.

[6] LIN K, XIA L, GAN J, et al. Tailoring the nanostructured surfaces of
hydroxyapatite bioceramics to promote protein adsorption, osteoblast
growth, and osteogenic differentiation. ACS Appl Mater Interfaces.
2013;5(16):8008-8017.

[7] LEITE AJ, CARIDADE SG, MANO JF. Synthesis and characterization
of bioactive biodegradable chitosan composite spheres with shape
memory capability. ) Non Cryst Solids. 2016;432:158-166.

(8] kP, (TR . JCE AR A TABR 1N ) 4% S AE BB AU R A ()]
I AL T ,2019,46(9):147-148.

[9] HENCH LL, SPLINTER RJ, ALLEN WC, et al. Bonding mechanisms at the
interface of ceramic prosthetic materials. J Biomed Mater Res. 1971;
5(6):117-141.

[10] BAINO F, FIORILLI S, VITALE-BROVARONE C. Composite Biomaterials
Based on Sol-Gel Mesoporous Silicate Glasses: A Review. Bioengineering
(Basel). 2017;4(1):15.

(11]  BREEF . BALBOARA FLA P E PE B (1 1l 46 S AR R 2 Ak
HIBIFFE (D). J M - HE g BT K ,2019.

[12] NASKARS, SHARMA S, KUOTSU K. Chitosan-based nanoparticles: An

overview of biomedical applications and its preparation. J Drug Deliv Sci
Technol. 2019;49:66-81.

Chinese Journal of Tissue Engineering Research | Vol 25 | No.34 | December 2021 | 5521



Review

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]
(29]

(30]

(31]
(32]

(33]

(34]

(35]

XIAY, WEI' W, XIA H, et al. Effect of recombinant human bone
morphogenetic protein delivered by chitosan microspheres on ectopic
osteogenesis in rats. Exp Ther Med. 2019;17(5):3891-3898.

AHMED T, ALJIAEID B. Preparation, characterization, and potential
application of chitosan, chitosan derivatives, and chitosan metal
nanoparticles in pharmaceutical drug delivery. Drug Des Dev Ther.
2016;10:483-507.

ANNAMALAI R, TURNER P, CARSON W, et al. Harnessing macrophage-
mediated degradation of gelatin microspheres for spatiotemporal
control of BMP2 release. Biomaterials. 2018;161:216-227.
CALASANS-MAIA MD, BARBOZA JUNIOR CA, SORIANO-SOUZA CA,

et al. Microspheres of alginate encapsulated minocycline-loaded
nanocrystalline carbonated hydroxyapatite: therapeutic potential and
effects on bone regeneration. Int J Nanomedicine. 2019;14:4559-4571.
ZHAQ Y, LIANG H, ZHANG S, et al.Effects of Magnesium Oxide (MgQO)
Shapes on In Vitro and In Vivo Degradation Behaviors of PLA/MgO
Composites in Long Term. Polymers. 2020;12(5):1074.

HU X, HE J, YONG X, et al. Biodegradable poly (lactic acid-co-
trimethylene carbonate)/chitosan microsphere scaffold with
shape-memory effect for bone tissue engineering. Colloids Surf B
Biointerfaces. 2020;195:111218.

YANG YY, CHUNG TS, NG NP. Morphology, drug distribution, and in vitro
release profiles of biodegradable polymeric microspheres containing
protein fabricated by double-emulsionsolvent extraction/evaporation
method. Biomaterials. 2001;22(3):231-241.

SIEPMANN J, FAISANT N, AKIKI J, et al. Effect of the sizes of
biodegradable microparticles of drug release: Experiment and theory. J
Control Release. 2004;96(1):123-134.

BLANCOPRIETO MJ, LEO E, DELIE F, et al. Study of the influence of
several stabilizing agents on the entrapment and in vitro release of pBC
264 from poly(lactide-co-glycolide) microspheres prepared by a W/0/
W solvent evaporation method. Pharm Res. 1996;13(7):1127-1129.
ZHOU Z, YAO Q, LI L, et al. Antimicrobial Activity of 3D-Printed Poly(e-
Caprolactone) (PCL) Composite Scaffolds Presenting Vancomycin-
Loaded Polylactic Acid-Glycolic Acid (PLGA) Microspheres. Med Sci
Monit. 2018;24:6934-6945.

CHEN H, WANG L, FU H, et al. Gadolinium Functionalized Carbon

Dots for Fluorescence/Magnetic Resonance Dual-Modality Imaging of
Mesenchymal Stem Cells. J Mater Chem B. 2016;4(46):7472-7480.

XU B, JUY, CUIY, et al. Carbon nanotube array inducing osteogenic
differentiation of human mesenchymal stem cells. Mater Sci Eng C.
2015;51:182-188.

PARK J, KIM B, HAN J, et al. Graphene oxide flakes as a cellular adhesive:
prevention of reactive oxygen species mediated death of implanted
cells for cardiac repair. ACS Nano. 2015;9(5):4987-4999.

SHAO D, LU M, XU D, et al.Carbon dots for tracking and promoting the
osteogenic differentiation of mesenchymal stem cells. Biomater Sci.
2017,5(9):1820-1827.

KHAJURIA D, KUMAR YV, GIGI D, et al. Accelerated Bone Regeneration
by Nitrogen-Doped Carbon Dots Functionalized with Hydroxyapatite
Nanoparticles. ACS Appl Mater Interfaces. 2018;10(23):19373-19385.
MG, XU BMP-2 B IR SCE A (K Fo kg ). v R SESR 2 i,
2020,24(4):687-690.

BRI, FAEC, AT, 25 kB A BMP-2 I EIE F B Rkt 4
SR (], AR AR 2% & ,2018,16(6):358-361+377.
WEI D, QIAO R, DAO J, et al. Soybean Lecithin-Mediated Nanoporous
PLGA Microspheres with Highly Entrapped and Controlled Released
BMP-2 as a Stem Cell Platform. Small. 2018;14(22):e1800063.

LIY, YE D, LI M, et al. Adaptive Materials Based on Iron Oxide Nanoparticles
for Bone Regeneration. Chemphyschem. 2018;19(16):1965-1979.
KA . LT DR A 4 525 M RHE S s = s SR it ¢
(D] dbx5t : Ab5UHbAIEE 2% ,2011.

LU J, YANG F, KE Q, et al. Magnetic nanoparticles modified-porous
scaffolds for bone regeneration and photothermal therapy against
tumors. Nanomedicine. 2018;14(3):811-822.

YUAN Z, WEI P, HUANG Y, et al. Injectable PLGA microspheres with
tunable magnesium ion release for promoting bone regeneration. ACS
Appl Mater. 2019;85:294-309.

LIN Z, WU J, QIAO W, et al. Precisely controlled delivery of magnesium
jons thru sponge-like monodisperse PLGA/nano-MgO-alginate
core-shell microsphere device to enable in-situ bone regeneration.
Biomaterials. 2018;174:1-16.

5522 | PEPELTIERR | 88255 | 345 | 2021F128

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

ZHOU X, LIU P, NIE W, et al. Incorporation of dexamethasone-loaded
mesoporous silica nanoparticles into mineralized porous biocomposite
scaffolds for improving osteogenic activity. Int J Biol Macromol. 2020;
149:116-126.

ZHANG J, MA'S, LIU Z, et al. Guided bone regeneration with asymmetric
collagen-chitosan membranes containing aspirin-loaded chitosan
nanoparticles. Int J Nanomedicine. 2017;12:8855-8866.

XUE Y, WU M, LIU Z, et al. In vitro and in vivo evaluation of chitosan
scaffolds combined with simvastatin-loaded nanoparticles for guided
bone regeneration. J Mater Sci Mater Med. 2019;30(4):47.
SHOKROLAHI F, KHODABAKHSHI K, SHOKROLLAHI P, et al. Atorvastatin
loaded PLGA microspheres: Preparation, HAp coating, drug release and
effect on osteogenic differentiation of ADMSCs. Int J Pharm. 2019;565:
95-107.

OSSIPOV D. Bisphosphonate-modified biomaterials for drug delivery
and bone tissue engineering. Expert Opin Drug Deliv. 2015;12(9):
1443-1458.

WEI P, YUAN Z, CAI Q, et al. Bioresorbable Microspheres with Surface-
Loaded Nanosilver and Apatite as Dual-Functional Injectable Cell
Carriers for Bone Regeneration. Macromol Rapid Commun. 2018;
39(20):e1800062.

PORRELLI D, TRAVAN A, TURCO G, et al. Antibacterial-nanocomposite
bone filler based on silver nanoparticles and polysaccharides. J Tissue
Eng Regen Med. 2018;12(2):e747-e759.

CHEN X, GAO C. Influences of size and surface coating of gold
nanoparticles on inflammatory activation of macrophages.Colloids Surf
B Biointerfaces. 2017;160:372-380.

SUMBAYEV VV, YASINSKA IM, GARCIA CP, et al.Gold nanoparticles
downregulate interleukin-1B-induced pro-inflammatory responses.
Small. 2013;9(3):472-477.

LIANG H, JIN C, MA L, et al. Accelerated Bone Regeneration by
Gold-Nanoparticle-Loaded Mesoporous Silica through Stimulating
Immunomodulatio. ACS Appl Mater Interfaces. 2019;11(44):
41758-41769.

LIN X, WANG R, MAI S. Advances in delivery systems for the therapeutic
application of LL37. J Drug Deliv Sci Technol. 2020;60:102016.

LI'Y, NA R, WANG X, et al. Fabrication of Antimicrobial Peptide-Loaded
PLGA/Chitosan Composite Microspheres for Long-Acting Bacterial
Resistance. Molecules. 2017;22(10):1637.

HE Y, JIN'Y, WANG X, et al. An Antimicrobial Peptide-Loaded Gelatin/
Chitosan Nanofibrous Membrane Fabricated by Sequential Layer-by-
Layer Electrospinning and Electrospraying Techniques. Nanomaterials.
2018;8(5):327.

ASADI A, ABDI M, KOUHSARI E, et al. Minocycline, focused on
mechanisms of resistance, antibacterial activity, and clinical effectiveness;
Back to Future. J Glob Antimicrob Resist. 2020;22:161-174.

MA'S, ADAYI A, LIU Z, et al. Asymmetric collagen/chitosan membrane
containing minocycline-loaded chitosan nanoparticles for guided bone
regeneration. Sci Rep. 2016;6:31822.

RATHBONE CR, CROSS JD, BROWN KV, et al. Effect of various
concentrations of antibiotics on osteogenic cell viability and activity. J
Orthop Res. 2011;29 (7):1070-1074.

MRee, Xy, 20, 2% . B A UL ARGERE SOk 14 ) 46 B pAk b e
SRV ). Ab TR 35 ( BE%4RR ),2019,51(5):907-912.

BAYER EA, GOTTARDI R, FEDORCHAK MYV, et al. The scope and sequence
of growth factor delivery for vascularized bone tissue regeneration. J
Control Release. 2015;219 (Complete):129-140.

DOU D, ZHOU G, LIU H, et al. Sequential releasing of VEGF and BMP-2
in hydroxyapatite collagen scaffolds for bone tissue engineering: Design
and characterization. Int J Biol Macromol. 2019;123:622-628.

WEI P, JING W, YUAN Z, et al. Vancomycin- and Strontium-Loaded
Microspheres with Multifunctional Activities against Bacteria, in
Angiogenesis, and in Osteogenesis for Enhancing Infected Bone
Regeneration. ACS Appl Mater Interfaces. 2019;11(34):30596-30609.
BOLDBAATARAB K, DASHNYAMABC K, KNOWLES JC, et al. Dual-ion
delivery for synergistic angiogenesis and bactericidal capacity with
silica-based microsphere. Acta Biomater. 2019;83:322-333.

( BiEgmiE: GW, ZN, SX)



