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Abstract

BACKGROUND: Currently, electrospun nanofibers, which are biomimetic materials of natural extracellular matrix and contain a three-dimensional network
of interconnected pores, have been successfully used as scaffolds for various tissue regeneration, but are still faced with the challenge of extending the
biomaterials into three-dimensional structures to reproduce the physiological, chemical as well as mechanical properties of the tissue microenvironment.
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OBJECTIVE: To summarize the process and principles of electrostatic spinning and to explore the applications of the resulting electrospun nanofibers in tissue
regeneration of skin, blood vessels, nerves, bone, cartilage and tendons/ligaments.

METHODS: With “electrospinning, electrospun nanofibers, electrospun nanofiber scaffolds, tissue regeneration” as the Chinese and English search terms,
Google Academic Database, PubMed, and CNKI were searched, and finally 88 articles were included for review.

RESULTS AND CONCLUSION: (1) The electrospun nanofibers are a natural fibrous extracellular matrix mimetic material and contain a three-dimensional
network of interconnected pores that have been successfully used as scaffolds for a variety of tissue regeneration applications. (2) Several papers have
described the great potential of electrospun nanofiber scaffolds applied to the regeneration of skin, blood vessels, nerves, bones, cartilage and tendons/
ligaments, providing a solid theoretical basis for its final application in clinical disease treatment, or for its transformation into practical products to enter the
market. (3) However, the current research results are mostly based on cell experimental research results in vitro, and whether it can be finally applied to human
body still needs clinical verification. (4) At present, many kinds of electrospun products for various clinical needs have been commercialized in and outside
China, indicating that the research field of electrospun nanofiber scaffolds for soft and hard tissue regeneration has great research value and application potential.
Key words: electrostatic spinning; nanofibre; electrospun nanofiber scaffold; tissue engineering; tissue regeneration; soft tissue regeneration; hard tissue

regeneration; review
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REWEZZT YIRS . G, LHHRTEREBEINERIELT Y, LK T
BB HATR IR, RACNET —AZRFT R, REREROFTES
RAFEG 2ITAKRE AT, FEXRUT SRR b2tz L R#AT
T RIS th NP4, FIREREAYN, NREEABREFTHERAEE
2 GEEEMT HF @R T R AR R, FAFHBARER
6 2 RGBS EH T 21d; Hafmaiaadar, T RA B EIE T, 6
WALt 1 BB A BT AR &M 9 KA (Je Runt 48 X 4945 KB F 2 fe
AL ), BIRE T RMBBEE S, RFHG T SR E AR,

TR F B2, WANG F *1 33 7T —F M F AL = BAL AL
BAF MR M Tk B LR, FRERIEFTT Feimigt K,
CD31 # & R 7% L R¥EF A HIM 12 Bl v 2t 4 B; SA06HS
F) 12 Fnt, % R R I A AL BACAE R Fe [T £
TEER G AT R X R 245, MBZ ARG ETARERNL EZ, Kk
RE, TRAREAFOCHEREGEGNRE TR FERL
#2, FALUEE K e S R, T BARRFHASTRELEXTE,
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AT I AR I RO 09 AE B BR - H AR - RAREAK Y, LR LI
LatmiAnrk, B RE - HRE - RAREBISIR 6 L R LA 4504 m
JeEEH M, XERT I FERBAGKS.

J) T AEIUR A B R, BB R B BT AT AR
MNE| b L L EEGIRT Y. Hh, BABREROABLYG %
R PR AT AL LN, RE, AW ISR B KRS ek
AW AU R BAT RO, TR BB R B IAR, AR = B,
X B T BEACARAE B VT A BRI Ao bR ) BLE- B AT PDZ 456 5 84
5 T HE BT 45 S 49 ARG B R 44 18) SR T am e AE, GEB T Xk
AR EFmph—re A THIREHARGSERN L, A AHTHET —
A IR G Ao BB ZAR (N) A HA 52, Z A ROHA L
JBARNA 6 M iE R . XS F AR R LR A G 64 S et it dm
JO3E 78 Ao b AL W, R A AP A F iR e A LR TR R AR 4
F. iR, B AR ERAR AT A T MAME 0 AE,
P AR LB F A AT AR B E AR AR A A,
225 ATHREL{IALGRG LY EFHhKOBG . 25 Fa st
ATHRBORET IR LT KAk P RBWIER, RATHRES AT
AXPER. BROQRBATR TSR ERMARG, 28D G E
RAE, HEIAAATFERRLARL, o), ARBARIEA K
R EGHCESAR. B, ARG L RGAR IR RRIE TR
Fo B EHR G AR Y B R KA R B A TR R T,
BT UG ARA G I ROIEEA NI T T4, Bl AT Tam T
U —ANEERI LA 0Ly X L TR R R a s R A e A
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Wi, CHEN 5 " JFR 7T —H A RBR49 LR, ©RE R AHRL LR
852 4T LU LE AR ) R TIREEM, PTIRAT O L RAGE YRR sk, &R
BT X 3B 0 A B B A e B, SRS Motk R4 SRR
BB, S A ey LR A FHEK M Fe BT AR IR B A iR
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WRTRAUME, AMRKAENEA A GG Z 0L LRR
FRUT R HATE) T 209 K. CHEN & 7 ) Bl SR & b ok T 4%
ML TR RE T — A Y B B R S R, SHA TRE
MBFAE, ARGHERES, GABIHESRARCGEEHET
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5F R (HA) LA —F R G XA Rey A E N, e, @Ak
K An ek T IR, R T = 4 PLCL/SF L 2R (3DS) A= HA LBk 4y =
“ ¥ %2 (3DHAS), #ABLL-F 2DS 2L F ¢4 454, 3DS BA Aty % EH AR,
H 3DHAS R @ & T E A RBRA KT IRE QMR EOR ML, =4
KA EEAEIE &L E (> 90%), 1KFE (< 0.1g/em’), HEKE
(=1500%); 3DHAS &It b 3DS BAFa9AARME AL, FIA 69 LR AEARIPAR
RIt RIFH AR S, AIFEEMA, 5 E/0 L R4k, 3DHAS 2
7t BAF AL IR a3 IR A ) A R A AL ). AR R TAAA 8
JE )& b tm it — X IR EEM G LR F M7 &, 3DS A= 3DHAS R HRH %,
THFAEMLR, FH 3DHAS X BB R T TR AT, i, BT
e ERTRERGREEEE S, BRFSFRARFERAITT
3DHAS #ELt &R H e SB AR R, £ 5 B R T L,

KA, CHEN 5 Vit —fpGH 7 = R0 2R, FhELEFFM
R PIRR LR BIE T, kA IR 5 BB & RIS 2 A
PR AR T IR A3 3] = Y ABR AR E & I 4l R 4F 4 2R (3DCSS).
3DCSS FALELA % BEgmntst), feitdt mieibik, LG ik 18 %
T8 REMIRBE F KT 20 e KR A R do & mieAF 1. IFIE IR
BF oAtk 4B EGfE 13 9 RIE, M8 T A IBBRACE £, b,
PR BB B ARMS H 4E R B R, 3DCSS 40+ B4 &Ry Fay, HEYD
B G @A 18, MBI E T o 5 XE B F A A KR BAK.

BT XPHE, BAEEMTA TEI7 RS, 21453556
FRRFOFA, B FERRFTEARBEOTRE, Ol leEfFLRET,
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Fwtr 5 3D ATEP ARG S, ST AT AR A TR IS F B A 49 iF K.
B4, CHEN 2 " JF R T —#b A F 3D 47¢p 49 2K, ik #R B RIR A
T, (PEO) i o 64 P h) s 0 i 47 RALBR — 20K TR R TR A [ B IRk
FELF IR, 1 FE R IR R I EZ R KA 4R, FLIRE
> PR F 4K, FFIA RFEF T RITI, 30 s MR ik A,
FP AT ATEP 44 = 4 ZZRT A kA8 SR A AR B 2589 B,
HSAFRAFT—H, AFOHEFERRFOTBIR, L s
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2y P(LLA-CL) FoR R &G 4E 4 % B, Kartogenin 2R AE A BRI E T —
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R P RESOE R, FHREH AN A PR 27 THF AT HMEIRY
18] SR T am M6 3 FhAm AR T A, XSk RBLEAM TR AR R
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22,6 F TR/ Wim B A B G oK T4
BTFARBALEE MBI RTYE: A5 R 1358
ISR SR, WA AL, B A RE R KLY 5000 7 e X F
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BIR, REd FHRIFHE D Fobk 2 R R EHINA R “BEIA”
12§ ARAS ML) 2 BIAEARBAL T R M A PR, -5 B F R B ) 28 K A=k
A HLmE " B, TR RA ALY, (aw T Ak fe g
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BT, b, TRBIER T AR LR AAREE 5T e b fmfin sl sk
JREGIRAR, IR AR AR G5k, ST AL, HF a9 AR AL
FALE A8 ), 3D SRR LR A A FAUR Aty AR TAZGY ) .
BH R F, ZHANG F * st 7 o) RIALBR L Ye Aot T 40 &
A —Fr 20 % G B TBEER AP B 7] ) I T —FH e G2 AR, FFT %
I F AN n e b a9 . BEAAZ 5 o T R b AL 420 AR A
XERQAT R, WEEE A RF BRI SR, XA
G L YeFo iy HIPE F A LA R AL e Fe LRSS AL
EREG—FHRY, HAAREA B LG LR MENE. S RE
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FINEMAF L, 2 E X REA 5 RANSEARILGG R, FEILE 5 U
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FFABE - B RNALBERBHPNRTLE: SN - FRE
AREPERAE, B A€ RAA BRI R A e B AR B A,
— i F BAAREER LA A A AP KR AL, B RTR T UK - RS A
R AR AR N, KRG ERE, XERFZMRT
A2k O HHRANME - FREOET G L LR, HF
Fr ot ARAT A A& K B F BB(PDGF-BB) A B & £ LB G 4 4 b, vAfRat
B BT am AR U 4L ), 4 R R, BRE) 894k K 4F 4 1 49 PDGF-BB
G SE SR A VAR L s e, SR MR SHA
K& Fo BT I — B IAALE 69 &G AL o, XRELL AR
WUEAR e 6 R AIEhm, Bl4e |, A KR E . tenascin-C #= scleraxis,
XA, PDGF-BB A E IR &) 4 K 4 4 T 4547 B T3k 48 - D@ .

AT MR/ BB TAR L RAEFTEE R Z FHFHY
FIAL, XIEF ™A ARG L EREE AT RARR SN0 HLHER
TR K, RGN KA IR AR B Y R R R IR B R B H L R
B, B - FRE 4N TFR BRI LM, RSP AEMFERE
B F2 KB R B MR AR R B 1] AT g A s VR IS AR dm L AT A
4\ 0 (MC3T3-E1) 3 R I s RAF oy tm AR 5k, XL R85 b X Bt
MC3T3-E1 493874, F BB A0 T @i g o4k, MLk
FRAR B ) SR T e i Ae R Sn oAb, A B R B M X AR
T VAL ) L4 BN R T et o R A, sHMRE LR - B R &
R B Ao dS S AR

BBk, UESEFLT —FRZ LR, AARILKRES
FBAABARR BRI E, T RAAAG S kB Faib 4L
B AL T 5 B R ILER AT RN, K IiE X R B E e
T WU — B R AL 64 e v . X SR B R B, WUE X R AL - B
&L H A A AL LR 405 AR T 1A I, ST ARt 4L TAZH
2.3 BREEAWKAHNEmIACEE A TAME S R 6L
KGR R R A A, © LA AL %A A6 B L
15, Blde, JMZELRAREFAHBARNG LT —FRILBM KT %
RRJERE b, R TR AARER IR, AR 5 $ SR AT e TR CE
INAEAe o B R o6 2 0w ME B 228 (CFDA) EH . Lk /) A M3 ARH IR
N TR T RS F g E G B IPLC 4R A 4 SAN S S, G
F 2018 43K A4F CFDAGEF . WLy R T 4 254 FR 8] FF 4R F 45  gikted
£ %A [PLCL 4R ML, S+F 2019 43543 CFDA GEF .

+ F 249 Inovenso 28] FF & T —FP iy 47 44 R AT LRI AR 89 1
i a8 T 514 99.9%., 42 [E 49 Biotronik 23] H F# 45 4 3 RS
KT —H PU LE 6 ERFIIR IR, JF7E 2018 S 3R4F T FDAGAGE, £
St Teresa Medical 2> 3) i it #% 1, 45 F) BAE A & T SurgiClot®, —Ft &
J Tl R 6945 a ik gk, 3EE Electrospinning 2 3) A B SLER b 45 4F
YK T Mimetix® = o, —FFH T 3D 003 fc b m i, JFE ey
Stellenbosch Nanofiber Company & 5% % W 25 44 K 4 4 7 b fb-F 6 2 —,
F1AF@ieiEh, oo BRER ITAEEROEFS, RRLER
BT —&HA L6y R, 2 mH S AMEF NG EEFLA T4
B F L R IR, B E R A R A 3] 2% B ey 4
RFLLET * 5.

3 157 Discussion
3.1 BEEMMAEZIUESARAISIIRAIEEAVaNE #4472 4 ik )t
SMIERALIMA LR TAZ L RBAET — AR LG ET A6 F 6. Aidkey
TS, ZAURM AT SR T G L T UM TN, IER4. Lk
Fag) SKAHRY, MM BIBANEDNFRLAFE55F. b, #d
G T 5 B4 T E () e Ak T BRAn 3D ATEP ) ABLE S, A EA A
Z% 3D HHARBG LA KL Y HBR . WWLF AT B AR 4 X R AR R A AL,
B 2000 4, #HwsrL TR, S ARG T R ARAFE —AR IR G BF
REZRIE, 3EHTAKBAT WG IRMA THEIK. od ik F5m
BALEGERBA, ALRLRR TIERERET ., RAEA FIRT it
AT HRAET BRIk, B ATE AN ESH S AR T EFIERTE R
55 s AkAl, XA X AR A E KA B A SR )
R, AAGARALELLEE TR, B AR RE S ZIE TR
iR, RAHHFEIRE SR T . RAnREF T A 4, {2k

FEAREMAR L EEELF LR, BAGEEHEE, 255G
IR, AR AR KA T AL S B2 % Keykhieid 42, 5 4b,
B F R RAR ERNRFTAGE, LTS RAREN LA, 4o
AT X s KB A A IR S, MEBRNESHANM S, FRE
RER. % A RAFR.

32 EBGERAXIITIFENRR KUAEMAMmE, XEEAALEY
WA FGEET RGNRIREATRIK. B E. A2, of,
WU Ao F A 20 25 B A 0 S b = SR AL S B p @ e RS ER, TIERA
THGNRE Y LR ETE RRAIRE T PO EEZH .

3.3 FIANBIRE A B ARATHE R T BATLA R LK, (212K
it R WL YR R B TR R AR A GRS R, A B e AT ARAE 4
RO AT AN TR 690y TR & BR 42 S Mey L sh K4 ¢4
AR, Wt RN LM AR IR R A LR T A 64 ) U B R
S BB 6 B tE e ATARRT A T, A diE R T e A 15 5 AT LR A 0GR
FEARBIITEANIRIT. RE, HRGLioihd 4 Ly R Y LR
— KA SR TR FRT )R, T RRREE AN
BEENAEIRE.

34 ERANBEBEN #XFETLELLTHOGLY I, REAAG
FEAE R G L R AR AR R LR, N6 G R AT AR AL R
IAYEA AR, QRELERK. 0E. AVZ. T REFIURE/
W LR, AT A AR R SR 86 ST SR e S T R AR SRR
3.5 BRAERENRRIVEIN &5 %KL 4% LRMETFTIRAFTAR 1
RiE, BCHARGEMLE, PHFART L AHREIBT LG AR
Y X IR R RIPATRAG L, TFR B 5 697 AL = 5o,

TEHRME: L TR BIBEH A IR, FAKES AR ER. BEL
BEBRTF. HIESH A G NF BN, AR TR,

FIFMIR: LF ML F Y, ERAHFAFLTRE LT FEE
E- &

FERRENEBR: X2 — B AR IR I3, ARIE (Fei stk AT W) “F
L - W LB - AE F XEF 407 £k, ESEINMGHERLT, AF
AAVAIE R LM B R TR XA S %, AERY R, R AFEFTH PR
. TR, BN i, TR k. BAKEIZ R, FAXES £,
JAVE B A 49 i NBARE L E AT AR AR

MRAREELL: 3T b AT A B B E T LF ARG AL,

HERHISE: L TREATT (RABAEFZENIREIL) (PRISMA
BO), LERMAOEEF LRI G LRGN A %HITIREE, LFL
PEATING ERRFINF, RATIFBUAAD XL EFAHPRARTE.
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