OfEEZE 202644 H 464 SFH4l - 309 -

?«\%\/v‘/\%\/-‘/\%\/-‘/\%\%\?

év g’

e e e e )

Fi L 7 22 0 R AE 1T 18 [ 2 SN, HH 1 B 5 i e
g B R BT LA, TR, IMERP

[FE]  HER I R AR AR S T AN ARt B, b i 5 22 HOR BB 1 46 BAT R4 2B W e RE ANy
A R IRAAN AL SO AR T 4 | DR IR AE 1 PR~ U i B 1 R g, AR S S 1A 24 4 i i 205 22 50K B9 i T 25RO
PERE , SRR AR I PR SR K3 L 27 AR ET A7 10 I R~ 2% 70 S B W ok JE AT 20 26 A . Joe ), B 0 2 i v 2 22 4%
ARAE D EHAGISAA AR B PRARHEAT IR, AR 1 i BR = SR AT 5 Rl R AL B AT 22 2%

[REiR] Y AR AR Y HA T 25 % ; 1R
[FESFES] R783.1 [ TEtERIRAEE] A [XEHS] 1003-9872(2026) 04-0309-06

[doi] 10.13591/j.cnki.kqyx.2026.04.013

Research progress of the application of electrospinning technology in stomatology
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cal University, Yantai 264003, China)

Abstract: In recent years, the high incidence of oral diseases has driven the emergence of new therapeutic materials. Among them,
electrospinning technology can prepare nanofibers with good biological properties and mimic the natural extracellular matrix, thus show-
ing great potential in the field of dentistry. This paper first briefly introduces the preparation process and key properties of the electro-
spinning technology and then classifies the research progress of electrospinning nanofibers in various subdisciplines of stomatology ac-

cording to the clinical needs. Finally, the challenges of electrospinning technology in the diagnosis and treatment of oral diseases are

discussed in order to provide useful references for the basic research and clinical transformation of stomatology.

Key words:

LG 22 AR 2T HE ST LR AT SR 25
FER AU AL KA A= W AR A 7 2 )iz
RN AR W 2 22 HRAE D R AE I 2 A
GBI 2 ), N R A A A
AT L A UE A2, 3] 1 R A e T e | 0 M 2
PGIRTT AL IE TR B BE R R 25 A SCR £
FL 205 22 5 AR I SRR R A 1 45 0 S22 R T S it
J& I B S HE HAE S A BN v D RE S 1Y) S ]
JEELHAE N BR oA P R A SR TT 1)

1 ERGLER

i L 207 22 BRI i T L A SR Wi e

FETH BT A REL A 4 (23-2-1-165-zyyd-jch ) ; H 5 T ESF
DA F R (2025—2027) s IR BE 25 TA: 1l A RH# 3 A 2R
(2025—2027)

PEE BN 1 INARERZG R R 24 B, LI R B (264003 ) ;2 F i
TEEMEE BT O EEREER, ILRE B (266001) ;3 7 & 7
JBE BT O B A R BERL IR 5 (266001) 54 F B RS
H T AR ER 0L RE | IR E 5 (266001)

BIEVEE PMER]  E-mail ; sundegang1 68@ sina.com

electrospinning technology ; nanofiber; tissue engineering; drug delivery; oral diseases

Stomatology ,2026,46(4) :309-314

SRR/ INFAL R Ry 20 R ZAROK 4 1 25 2R 47
i, 21 AESERUR I8 AT LI 05 A 0 = HE T 4 S22
I 22 2R (R T BRSO R A A ) R
FIAR RIS 7 =X, ] 42 o 48 4 B AR 0L L Bt 22
M PP LT AERE A 25 PR RE . W 9T Z LA T
HRTG M IREATT 58 . —Jr i, n] LATEST A o
ANGY) NG SR ORI ) S T R R
BT LF ARG PR SR LS TRE Y ) —
7T, TR [ 97 22 6] 55 4% - ST A M Y £ 4
R ATREAE Y 03 550 B B A 21 HE A = 52 2
BT BER A R, LA, R 2 2T A T AR B
it 2 1l 7 D B ) HE S S BEAILHRS B e £F 2 0] 5]
AN R A T T A R T R AR e ST A
P HES LS A o R

2 BEGLRAEOREFZENXFNFHNA

2.1 WL LZBORAE S SR A T i
TEF i~ o w205 22 BR RN T |
THAR PARHE A R FHE



- 310 - B RE G T L HORAE 1 I 2 U R 5 R

ERUSEXEENISA ) e eSS TSRS il
LTI ) RUBG > A BEIR YT Oy A TE 4k K MBI
AL A R AEBR T, Sun 2 3T 2R A Ak
PEGIR LT LA B 544 05 A6 + D RE R 1 R
BIHT « WEREASTALL S R4 4 L 2L 21 AL I 45 | 03 4
R S5, SOE A RRSE R Mg™ SEIT I S A2
IRLET AE AN N 1T 7% 1) A A= ) 2800, B S B iE B
FORT M S S A

R BEAIRYY B AR T i - -
JARE =4 SRR ThRetE B, B 5 Sk
LH AR A A 1 T B, = AR DT R HELUME &
JUEE B TR AR, X B AR B BT
BB SRR AT PR 15 A 5 2 4E R LASRAME 52
BRAGAS LTS I3, Yang 2517 K Bl 7 10K s il 22
(ZIF-8) 11283 5 . I BE ( poly-caprolactone, PCL) 5
BB ( gelatin, Gel ) il )0 HL 2 2F 44, R T Zn® (47
SLRE IR N SCE AR AR, XA REfL T
G T A5 i W AL B s P FH A0 JRy B, 2 ) S 56
JRIESE HA FAERCR AL, 55— Fh SR G A
CRLEIR B B A A T AU A 1
£, B0 Han S5 425 2 1 D) BE AL 138 IR S T A A8
IRUs 2 3R FLIR - ¥ 3 4 R 3R W) ( poly-lactic-co-
glycolicacid, PLGA ) /PCL it FL 27 £ 4 i vpr | 33X i i
AT E A M1 BB AL, AR AR E S0, e i
2F JA B A e 1) B R B T ) o0k, S SEER
73 HR i J5 R A o P AR B B X
2.2 HL Y 22 BORTE SR AR A s 2 v i 1o ]

TEA R i 7 v, WL 25 2 BOR F 2T
SRS R REM BRI ERE TP PERE M SR
PEHETEBEORAT LA S HESE S B - X A U AR5 2 28
BB
2.2.1 JnsEA R RE

SAWIR R 5T FE LR YT i T B FEER R,
I G AGOK 3098 K G DR AT A R T H )
BB, Amiri 55053 o 7E A R 6 T 1A SR TH L
PR R DI IE DK £ 4E AR T B 19 2R Al
A IR ) AR, X R LT R R s Y )
B ZAAE T HI FH L 5 21 4 Y e LR T RRURT R A1 5
gk et e g RN D B RN 7R 2T
222 TR ERE

ISR U LR R AT T P Ak il . RIS
SRSTIPOR LR EE SAR % S AR 27 YN N [EE -2
T LIRS BRGA K IBOR slcbie A ZORME T AR A1k
PURINAE , ITAF R —Se P 5E P AE R G R AR I
Miinchow %'/ 7145 2 VYR K 19 PCL fi 25 b RHE

TR E 5 VA R ARG G50 ZEAR 52 i G
SPEREFISR B AT DL R X B 6 ARG T 835 n4t
TEUFTA ) B8 o 4 J 2 B SOR . X AR 2 W 52
B+ RO Y ZH B R ARRPTR AR R TT 1)
2.2.3  PCEARHAEYE

TENGBE LA T 10, L4 e S R AL AR 5
2y, n] T o O R R O B e R P AR RO
G P F . Sheela 25 I = AW R AW
( mineral trioxide aggregate, MTA ) X % 3 B JK 1
(hydroxyapatite, HAP ) 12 4 Jf 1 % HL 2 PCL £ 4k
JI5%, B D A2 #E 2 B8 T 40 B ( dental pulp stem cells,
DPSCs ) B R 38 51 JF: ) B4 AS o 40 i o0k, 25 4
THA 0 K-
2.2.4 fEHEFARBW AL

FE A AR B3 BORE 3R 97 T Liu S5 il T —
T AR AR i — A BB TR R 291 K JWURL 1Y) W 95 2T 2
JEE AT RS BTN K AORE , 78 2 A B R TR Ly Ak 1t
BUFE ALY, B P 28 /INE T4 e DU i ; ()
IF, A5 AT AR T R Ho 2 B 40 i o B
R
2.2.5 FHEFHE

WA R M AT ISR BT ), D TE T
TANMIF S5 | A Wi e SR R TG T B B 4R
L7 22 BRG] R I A 4R 25 | R AR WG
PR K BT 259, n] A 1 40 0 0 B o B8 T 2 ¢
PUAMEE ", Terranova %" Bit T —Flh iy L 25 5
FLA2 (polylactic acid,PLA) 4KREF4E HLME55 PCL I
BT RRORE 2 R ) 5 G A YRS, IF A AR S AR 4
AGEPIES IR R A 2T HE IR RE RS (2 1 DPSCs 11 5
TR, o5 — 5T, A8 N TC TR RS 2 AR M 2 i
THIT I HTEL . Ribeiro 550 5 & FprE R
TR TR T35 2 00 T 1A 290 K 2T A AP e R s i o S
AN P PGE KBRS D IZE A MR
TR BRI R, T ELGE T AR YRR
HESPE A SEBRIlG RN B T AR 5, X
SO AL B | R 2 G0 K A A P BE AR TP AN
ACRTAVE Ry S AR TR 25 ih 18 5 O R 1P 6
2.3 FvEL YT 2B R AE 1 A i ARk A G g

1 69 It AR Ak B AR ZH SR DL R AR I
PRI TRl AR GEI6T T 7 1k AR U (H 2 AR 2
A TIREVRSZ LA R FU)5 I e 5 A AE ] BR . I 4F
KA YT 22 PORTE B BB M2 i TAREIN
A SR AT f 8 2 LL IR R S R B T
JE B AR H
2.3.1 A EHER



OfEEZE 202644 H 464 SFH4l - 311 -

A SRR R UL TR R VIR s R Seih
S AR AR B S AR B A, (R A A A XA
PR e B Wt H B 456 25 55 e, 5l R
LA A FH 0% e D S R AT PP 2T A U
o Z BB, HRG PR T H A5 2
IR AR LA LT, AT 3 2ok 48 A YT P TE Pl oK
UKL - BE B ML IR, N 85018 B2 T 4R
W& Jiang AFUV A T R G A A 4 (in-
terleukin 4, IL-4) FIBEHR — 45 ( tricalcium phosphate
TCP) B9 Z BEIR ( polyglycolic acid, PGA) -#2 %
H (silk fibroin, SF) [R5l 2T 4E S48 B4 F K- B 45
FIFSZBE IL-4 R TCP 9 XU R, TR B 1L-4 Rl
TCP 1L S AE FIIE 98 155 B oA 7 1 B P ) A
RAMIFFEFE B, PGA/TCP-SF/1L-4 32 28418 37 B %5 21
JHL M2 BUIAR AR b 8 R A DGR A i 3R 3K 1% 5
ZRRE AR P00 e 0 A 18 v I 1 I T R B
., Feng 55" 41 884 ( graphene , Gr) 8 A Ze e B
FLIR ( poly-L-lactic acid, PLLA ) " il 4 T H
PLLA/ Gr ZKREFHESZR PR A K IR R0 18 52 S 5
UESE TSRS T Jo R AN A 4K R BT 20
RV AT {2 B B 1) 58 5 240 i s o AR RO RICR
2.3.2  HBUHIMZE PR

A1 TR 28 52 40 25 7 | B 52 R 28 S DX Al Py e
B LR B AR G G AR A Rt 4
FoR (02 R R AR T RS PR, B
HATREARWIEA , N T2 FE N A b
SRR HE AR, Xu Y SR )
i L 2 22 R A 2 PLGA 48, P9 v B
] 400K 21 4 5 I 280l 48 9 K 2B K F A (vascular
endothelial growth factor A, VEGFA ) & [A & i fY
DPSCs, 7E K FURN A 2 Bl i A A v R 2R W 25
IR 5 5E [0] #5425 BEAE B, JF 228 VEGFA #2
THRER A1 S DI RER R R0%
233 AJF@lmEs

A BT oA B PRSI e, DA
BORHGES BB B T HLok = AR W TE 4, e
9y 24 PR T 27 G- S L R AU R A 259
AMERE ST 2 R AT R S T Re AL R
Slowik 25" B i WU 48 24 2 B 1 i 97 2F 2k R e
WARER T E SRR YR -N-F NN
J# Tk B ( poly-N-isopropyl acrylamide , PNIPAM ) 7£ {4
T SR AN M 2 T 72 Sy i /K B8 A R R, 230
Aii LR R 22 B DL IE R B ASCR . TRl 55— 2 R
R R 25, U5 G I BRAR TR AE &R, 1%
WFFEAE BT BB T AN 244 1) T 2 R R e 3

B AL GO T R D B4t ) B RS 4R TR £ ) R
WG RL AR S ER A TR
2.3.4 WFWOCT RBER

R AR B AMIG S BT 0 G S Bl 2 5| 2
RO DIRERE R S . R A AE
MELLFRAS , B AT AR . Gan % R
125 22 F R EE T 0542 =4k PCL/PLA/BR 4N KA 3%
RT3 S A 2T MR R TR R S A
(445 ) SMERR ), JF 2 Bl 9 K A 1 5 S R g 2
PERE, SCIRUESE % A RN RE 155 S iU AT 4k
20 5 7] HES AR B AR 4L U B, 18 7E S AR o
PEIUE T O BB 5 B ORI, R o 1y
HHAR L TR
2.3.5  MEAREJRFIGST

1 DR 40 3 AR ey iR ik B AL 2 5 3 R
K, &S Y7 RIVE K, Chen %60 FI I # e
L LT Y- AR e Jry R VA T A K 5 — DR W g 45
AT 259 s R SR B IEE W T T 301 B 1T R I 7] S
i) R R | 8 IR AR 0 L 1 [ B AR IE
WAL R X2 P IR) £ 2 A i F 275 IR AR S o)
PR AR TS S TR, IR, WL 2T AR S5 R iR
B IR IR R ST pH R B e 144 B 24 400 1Y) RE
1, AR BT RS i S A R LY
YORET L 1 BB Z AL TE T4 S B 2 B 2 Py ] 5
AR LS G SR A bk 280 T 152 5
I 7 BIVE FH R B R B, oA 0 J e )= 3 ks v 36 7 4
BETBRE
2.4 FEL L 2o RAE 1 I B I 2 v 1 17

FE BRI v, DR A 1 s 86 e v v 0, 9
H28 5 52 SUMUAOR L, Jo 350 FH 25 K 22 s i 2 9l e
ke, B SR BB S BTz IR, #r g
YR YL B B A FBH T, wT LLE 0 R R iR
SE I 2R 55 A 25 24 75 2R L, GROR £ 2 g
BT B 24 B B SORER A B VE AL Ak, gk
YL W] LIRS E 2 T2, P i 25 W R OH R S
PR BRI B RS R ia T T
241 XiEMHEH%R

SO 11 42— T i 8 SCU A DG I 1 s A B T
YL R IR R R A R S ATl
Ribeiro 45 SR FH# it 27 22 3 AKE R AR B A 16 M4
AT PLGA AW D, A3 90K EF 4 vk )2
R T O FEFE A AL 3R L TN 05 12 PR ( poly-
methyl methacrylate, PMMA ) PN [ , S 88 4 26 1 =)
PR IIRE, RINSEIG R, KA 2 R ] S
A7 B T ) A R T 80 O R 2 0 SRS ol , o 1 s 1 2 4



312 - B RE G T L HORAE 1 I 2 U R 5 R

JL TGRS B, A WA A R AT
2.4.2 NERVEE

BT BE A M 11 i T B EE A 1) vR T, LE T
S — R BUZ M H——Rivelin®-CLO, Hi45 & T &
ARG b 2R B 2 FL )2 AT ) 25 AN 3
B ARG T RTZ LR Z oK 23 B O R
T2 A A G AR L4, SRR A U 25 W R
48 2 BH LR 25 ] R B, ORI AL U 2 2

S, ELA SR A R RD 98 TR YT A I 24

P I AR B, %0 i B R
TRIT RO S % 4 | B U2 &5 #4552 2R 24 4 400 1) 5
SRS R, T e At o 1 R R RS
() JRy R IA T T AR AL T L
243 HEHBE

T B — ol U 1 9 1 48, 6 F ek
ARV 995 51] , ane] S 30 Jeg F8 47 5 265 245 410 ) 205 A2 AT
JE— KBk . Xu SR ) il e i 27 22 B R il 4%
P W - ST YR AR LR IR VT sk G 24 ) Bl R T o
TSI e, AN S 56 R B A i W S S
A 0 11 H b B 200 B R T O 1 3 5 sh R
WO AT Ak R I, 95 728 WA I 4 /0N | S R0 34 2
B2 [FIRE R TE B B B LT JC, xR Ss &
Rl FEL 2 22 4% — ST 45 4 S B R R AT P R R 2 W
FRHI ]9 T R AR 0B, 4R T — R R AR T
AT T W
2.5 LY 4 ARAE O Rl 27 o i g

L 205 A K 2T A A bR 2 v %) 17 FH 22 P G
A~ BAR R 5 s P A AR 05 456 i, DA
KT B A Y7 AR (AR ] LR
2.5.1 FiEAERIBIE LSS

B R AR AR AR5 45 A i, g 2
DIReE TGPy 7 5 TP BT A 45 A R FAe
PRF AT RE TR 2 S0 Bl 51 T, S8 E fAE AR
SRR I N, — b IR R A 2 K
SP I BT-C JB R 1) [+ il Hh 275 2T A s R LR 221 ol A
B b b AR R AR S B A G, R
SN T S A R R Y O s P A I
TR E PR AL TR R
2.5.2  FhREARSE %

L 2 9K A A3 T T R A% S Bl R g %) il
Bl 53697, PR v ik B % DT B AT 4 i AT B
PAYH PR AT, FRARRT IR 8 & A s 3T 8 R A= iy
P A JE BT 2R, BRI ) J 4 P2k 2R 1 F G ISR
HE, TR R A R A, WYUK AT
Y S A A BE AR R R R A A B RO SRR R

Sakulpaptong 55! il F 1 27 B S 7 2k ol o — 24 N 3
DFR SR TELT A S S0 BT S 30 R A 5 40 i
[ B 15 R THT 1 3E A% 5 R R, DT BEL 1 200 7 452 A b A
BB I REAL IR T HL 27 SR T I R R 2 4 -
REAA S TR 1 T P AT
2.6 L7 22 BORTE 1S IE g2 i i o

IR I AR R DR BT S IR KRR
3 M 0 R XE S5 T L e v 205 4 0K 2 A R Y ] B
TEWR T 1E W B ORE T B B I AR BE MR DU 2 BB
McDonald ’i‘fp‘“” Bt G 8 B — A AL A (' nitric oxide,
NO) i) S-MV.fid & £ Tt 75 %5 e 45 A I Wy 5 M 25 L 2k
O ELid I i e 2 22 SR IEAT IR, SE A
NO S FEE i) [ T 3K A= P I 1, F90 7 10 A 74
W, EANFEAR LS FLE 31 ; Yuan 251 75 IE AL 422 57)
H15 | PCL-Gel-SR 44 K ik ( AgNPs ) &2 & 27 4k, ¢

NG R RE YRR T, R B RAFIBTIETERE

AR, Feng %5140 4 T H HL 25 900 K £F 2 A% I 25 ) B
TEBIERA A%, AT 52 )7 A AR T L I
KA E RS2 I, IF ) 26 1 7R 22 R v, T B
BEMEA R D BOMHE minyrRCR, Herde |
AR 2K AN S W0V ¥ e a5 W JBE R O RE X
Sepft gy AL R R i 25 22 BRSOy TE W R 3
JRAT B M R Bl AR A2y T At R R
2.7 FRHYT 22 EORTE OB 2 T N ]

L7 22 HORTE T EAB SRR R b e B
FEN AT, Zhou %0 il 4 DNA-DDAB HL %5 42
75 HAP kK B DNA-HAP & &40}, il 4
SR EE TR A , LT He i B 426 3 2 A 3 O HL AT 48T
BB 28, I T AL E S BT R 1Y P R AR
ft, Karatepe £ESU O PMMA | SFF1 58 Ik 15k W i
( polyetherimide , PEI) £ &7 ok, M 8 T —Fp H A N
TEPU R PEABUE BB UL B Y S A IR A1 8} S B 22
oA REH D R D REAL

IR 2

L LTI R 25 22 BORAE D R A G B
TR AR A I FH S 7, AEL B % 2 U A i R L
i — RN B 5, 15T, A 05T 205 B e Y]
SIS, I PRI 52 B M | T AL
SO PR SR =) B B 0] B A8 P S8 S o
REA R AN T U A S0, TR 2R Gk i R BT 5
TRV AN AT /b R, ZIREAL BT AR A
B AR TR PRANEL, (F 78 552 B 8 ] Hp A A X LA
SEBUAN R A PR ) A A7 A R, AT Sl
BSCATC TR | R A5 22 R AR T sl S A B T T, = 2 i A



O =

202644 H a6 4

- 313 -

TR BAME ST, BeSb, S8 3 55 1F F 27 4

PEfE

] A AEAE AL AR AR =, — Sk A AR E

P B AR AT SR B A A I, ARSI ST 1
HOR K IAY) Z PE R AT IR T, A JR B Dy rl P 2

Dk

FORHS AL £ T 25, FFARFG e o i A9 i R

IFSE 32 20 1 5 15 2 R R R BOR IR AT, M #E
) L 25 22 FOR LI S B S 3 ) f PR, Ry
JE R~ B R B E BT Bl T

[10]

[12]

(& % X k]

Wang YF, Liu YN, Zhang XP, et al. Engineering electrospun
nanofibers for the treatment of oral diseases [ J]. Front Chem,
2021, 9: 797523.

Cui JJ, Yu XG, Yu B, et al. Coaxially fabricated dual-drug
loading electrospinning fibrous mat with programmed releasing be-
havior to boost vascularized bone regeneration [ J]. Adv Healthc
Mater, 2022, 11(16) : €2200571.

Liang C, Wang GY, Liang C, et al. Hierarchically patterned
triple-layered gelatin-based electrospun membrane functionalized
by cell-specific extracellular matrix for periodontal regeneration
[J]. Dent Mater, 2024, 40(1) : 90-101.

Wang XQ, Chen S, Chen XL, et al. Biomimetic multi-channel
nerve conduits with micro/nanostructures for rapid nerve repair
[J]. Bioact Mater, 2024, 41 577-596.

Yadav VS, Gumber B, Makker K, et al. Global prevalence of gin-
gival recession: A systematic review and meta-analysis[ J]. Oral
Dis, 2023, 29(8) : 2993-3002.

Sun S, Qin J, Zhuang YF, et al. Development of MgO-loaded
PLA/dECM antibacterial nanofibrous membranes for enhanced gin-
gival regeneration[ J]. Biomater Sci, 2025, 13(12) ; 3354-3366.
Ren MY, Li M, Boccaccini AR, et al. Electrospinning of recombi-
nant human-like collagen-reinforced PCL nanofibrous membranes
using benign solvents for periodontal regeneration[ J]. Int J Biol
Macromol,, 2025, 284(Pt 1) . 137954.

Shang LL, Liu ZQ, Ma BJ, et al. Dimethyloxallyl glycine/nanosil-
icates-loaded osteogenic/angiogenic difunctional fibrous structure
for functional periodontal tissue regeneration [ J]. Bioact Mater,
2021, 6(4): 1175-1188.

Yang F, Wang M, Wu CY, et al. Polycaprolactone/gelatin/ZIF-8
nanofiber membrane for advanced guided tissue regeneration in
periodontal therapy[ J]. Int J Biol Macromol, 2024, 279 . 135338.
Wang SR, Li CY, Chen S, et al. Multifunctional bilayer nanofi-
brous membrane enhances periodontal regeneration mesenchymal
stem cell recruitment and macrophage polarization[ J]. Int J Biol
Macromol, 2024, 273(Pt 1) : 132924.

Han X, Wang FY, Ma YZ, et al. TPG-functionalized PLGA/PCL
nanofiber membrane facilitates periodontal tissue regeneration by
modulating macrophages polarization suppressing PI3K/AKT and
NF-kB signaling pathways [ J ]. Mater Today Bio, 2024, 26.
101036.

Chen XS, Liu ZQ, Ma R, et al. Electrospun nanofibers applica-

[13]

[14]

[15]

[16]

[17]

[18]

[20]

[21]

[22]

[23]

[25]

tions in caries lesions; Prevention, treatment and regeneration[ J].
J Mater Chem B, 2024, 12(6) : 1429-1445.

Amiri P, Talebi Z, Semnani D, et al. Improved performance of
Bis-GMA dental composites reinforced with surface-modified PAN
nanofibers[ J]. J Mater Sci Mater Med, 2021, 32(7) . 82.
Miinchow EA, da Silva AF, Piva E, et al. Development of an anti-
bacterial and anti-metalloproteinase dental adhesive for long-lasting
resin composite restorations[ J]. J Mater Chem B, 2020, 8(47) .
10797-10811.

Sheela S, AlGhalban FM, Khalil KA, et al. Synthesis and biocom-
patibility evaluation of PCL electrospun membranes coated with
MTA/HA for potential application in dental pulp capping[ J]. Pol-
ymers, 2022, 14(22) . 4862.

Liu CZ, Hao ZC, Yang T, et al. Anti-acid biomimetic dentine
remineralization using inorganic silica stabilized nanoparticles dis-
tributed electronspun nanofibrous mats[ J]. Int J Nanomed, 2021,
16. 8251-8264.

Feng WJ, Li C, An Q, et al. Preparation of SDF-1a-loaded elec-
trospun coaxial microspheres and their study on promoting
migration and differentiation of dental pulp stem cells[ J]. Front
Mater, 2025, 12. 1568591.

Terranova L, Louvrier A, Hébraud A, et al. Highly structured 3D
electrospun conical scaffold; A tool for dental pulp regeneration
[J]. ACS Biomater Sci Eng, 2021, 7(12): 5775-5787.

Ribeiro JS, Miinchow EA, Bordini EAF, et al. Engineering of in-
jectable antibiotic-laden fibrous microparticles gelatin methacryloyl
hydrogel for endodontic infection ablation [ J]. Int J Mol Seci,
2022, 23(2): 971.

Zheng SK, Sun XM, Chen K, et al. Metal-phenolic modified coax-
ial electrospun biomembrane combined with the photothermal effect
enhances bone regeneration by ameliorating oxidative stress and
mitochondrial dysfunctionthe PI3K/Akt signaling pathway [ ] ].
ACS Appl Mater Interfaces, 2025, 17(10) : 15019-15034.

Tian LQ, Zhao XR, Chen FY, et al. A bottom-up approach to as-
semble cell-laden biomineralized nanofiber mats into 3D multilayer
periosteum mimics for bone regeneration[ J]. Nano Lett, 2024, 24
(46) . 14574-14583.

Huang QH, Han LZ, Wang RS, et al. Electrospun nanofibers
loaded with concentrated growth factors and nanohydroxyapatite for
the healing of alveolar bone in tooth extraction wounds[ J]. ACS
Biomater Sci Eng, 2025,11(10) ;5975-5990.

Jiang X, Jian YT, Zhang Y, et al. Dual-mode release of IL.-4 and
TCP from a PGA-SF core-shell electrospinning scaffold for
enhanced bone regeneration through synergistic immunoregulation
and osteogenesis[ J]. ACS Appl Mater Interfaces, 2024, 16(43) .
58148-58167.

Feng ZC, Zhang SM, Ren N, et al. Dispersed graphene
nanosheets enhance piezoelectricity of poly ( L-lactic acid ) nanofi-
brous scaffold to promote bone defect repair[ J]. Adv Healthc Ma-
ter, 2025, 14(15) ; €2404490.

Lopes B, Sousa P, Alvites R, et al. Peripheral nerve injury treat-
ments and advances; One health perspective[ J]. Int J Mol Seci,
2022, 23(2): 918.



- 314 - &7

T, S5 L2 22 BORAE 1 2 AU H B F 5 i e

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[36]

[37]

[38]

[39]

Mao XY, Li T, Cheng JQ, et al. Nerve ECM and PLA-PCL based
electrospun bilayer nerve conduit for nerve regeneration|[ J]. Front
Bioeng Biotechnol, 2023, 11, 1103435.

Liu N, Ning XC, Zhang XP, et al. Gradient galectin-1 coating
technology: Bionic multichannel nerve guidance conduits promote
neural cell migration[ J]. Adv Technol Neurosci, 2024, 1(2):
276-289.

Xu WQ, Xu XH, Yao LH, et al. VEGFA-modified DPSCs com-
bined with LC-YE-PLGA NGCs promote facial nerve injury repair
in rats[ J|. Heliyon, 2023, 9(4) : e14626.

Zhang H, Zhang XP, Fu MF, et al. Bioactive microfiber yarns ser-
ving as sutures with antibacterial and pro-tissue repair capabilities
[J]. Chem Commun(Camb), 2025, 61(51): 9250-9253.

You Y, Ning XC, Zhang XP, et al. Development of magnesium
hydroxide-doped nanofibrous spheres for repairing infected skin
wounds[ J]. Biomater Adv, 2024, 163 213967.

Zhou ZY , Wang YF, Liu N, et al. Multifunctional nanofiber-based
dressings in coordination with adipose-derived stem cells for accel-
erated burn wound healing[ J]. Mater Des, 2025, 253 113929.
Slowik KM, Edmans JG, Harrison S, et al. Controlled dual drug
release from adhesive electrospun patches for prevention and treat-
ment of alveolar osteitis[ J]. J Control Release, 2024, 376 253—
265.

Gan ZQ, Zhao YF, Wu YK, et al. Three-dimensional , biomimetic
electrospun scaffolds reinforced with carbon nanotubes for tem-
poromandibular joint disc regeneration[ J]. Acta Biomater, 2022,
147, 221-234.

Chen X, Lei S, Ning Y], et al. Injectable polydopamine/curcumin
dual-modified polylactic acid/polycaprolactone coaxial staple fibers
for chronotropic treatment of oral squamous cell carcinoma[ J]. Int
J Biol Macromol, 2025, 292 139094.

Hwang SR, Chakraborty K, An JM, et al. Pharmaceutical aspects
of nanocarriers for smart anticancer therapy [ J ]. Pharmaceutics,
2021, 13(11) . 1875.

Maskova E, Kubova K, Raimi-Abraham BT, et al. Hypromellose-
A traditional pharmaceutical excipient with modern applications in
oral and oromucosal drug delivery[ J]. J Control Release, 2020,
324 695-727.

Zhou YQ, Wang ML, Yan C, et al. Advances in the application of
electrospun drug-loaded nanofibers in the treatment of oral ulcers
[J]. Biomolecules, 2022, 12(9) . 1254.

Ribeiro JS, Bordini EAF, Pereira GKR, et al. Novel cinnamon-
laden nanofibers as a potential antifungal coating for poly ( methyl
methacrylate ) denture base materials [ J ]. Clin Oral Investig,
2022, 26(4) : 3697-3706.

Colley HE, Said Z, Santocildes-Romero ME, et al. Pre-clinical
evaluation of novel mucoadhesive bilayer patches for local delivery
of clobetasol-17-propionate to the oral mucosa[ J]. Biomaterials,

2018, 178: 134-146.

[40]

[41]

[42]

[43]

[44]

[45]

[47]

[48]

[49]

[50]

Brennan MT, Madsen LS, Saunders DP, et al. Efficacy and safety
of a novel mucoadhesive clobetasol patch for treatment of erosive
oral lichen planus: A phase 2 randomized clinical trial[ J]. J Oral
Pathol Med, 2022, 51(1): 86-97.
Xu M, Sun Y, Cong BB, et al. The mechanism of low molecular
weight fucoidan-incorporated nanofiber scaffolds inhibiting oral leu-
koplakia via SR-A/Wnt signal axis[ J]. Front Pharmacol, 2024,
15: 1397761.
Xu WJ, Gao X, Zhang MH, et al. Electrospun polycaprolactone-
chitosan nanofibers on a zinc mesh as biodegradable guided bone-
regeneration membranes with enhanced mechanical, antibacterial,
and osteogenic properties for alveolar bone-repair applications[ J ].
Acta Biomater, 2024, 187 434-450.
Ji HZ, Wang YY, Liu HH, et al. Programmed core-shell electro-
spun nanofibers to sequentially regulate osteogenesis-osteoclasto-
genesis balance for promoting immediate implant osseointegration
[J]. Acta Biomater, 2021, 135; 274-288.
Ye Z, Sang T, Li K, et al. Hybrid nanocoatings of self-assembled
organic-inorganic amphiphiles for prevention of implant infections
[J]. Acta Biomater, 2022, 140, 338-349.
Mathur A, Kharbanda OP, Koul V, et al. Fabrication and evalua-
tion of antimicrobial biomimetic nanofiber coating for improved
dental implant bioseal; An study [ J]. J Periodontol, 2022, 93
(10): 1578-1588.
Sakulpaptong W, Clairmonte TA, Blackstone BN, et al. 3D engi-
neered human gingiva fabricated with electrospun collagen scaffolds
provides a platform foranalysis of gingival seal to abutment
materials[ J]. PLoS One, 2022, 17(2) : €0263083.
McDonald A, Warden C, Tan JL, et al. Synthesis and character-
ization of a sustained nitric oxide-releasing orthodontic elastomeric
chain for antimicrobial action [ J]. Int J Mol Sci, 2024, 25
(13): 6982.
Yuan QH, Zhang QQ, Xu XC, et al. Development and character-
ization of novel orthodontic adhesive containing PCL-gelatin-AgNPs
fibers[ J]. J Funct Biomater, 2022, 13(4) : 303.
Feng H, Song WH, Li RY, et al. A fully integrated orthodontic
aligner with force sensing ability for machine learning-assisted di-
agnosis[ J]. Adv Sci( Weinh) , 2025, 12(2) ; e2411187.
Zhou YS, Deng JJ, Zhang Y, et al. Engineering DNA-guided
hydroxyapatite bulk materials with high stiffness and outstanding
antimicrobial ability for dental inlay applications[ J]. Adv Mater,
2022, 34(27) : €2202180.
Karatepe UY, Ozdemir T. Improving mechanical and antibacterial
properties of PMMA via polyblend electrospinning with silk fibroin
and polyethyleneimine towards dental applications[ J]. Bioact Ma-
ter, 2020, 5(3): 510-515.

(ks H 491:2025-07-29)

(ARG &)



