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[BE] By #HE TEHAE WA %% & (injectable platelet-rich fibrin, iPRF) &34k 5535 3 69 A 45k 11 5
#m i (human umbilical vein endothelial cells, HUVECs) st & 4L 4k 7 89 %ok . Fik  CCK-8 5= Zx4km HUVECs
¥& 78 48 N It 0 R AR R E 60 ST IR AL F o AR AF 4 & 4R BUR (injectable platelet-rich fibrin extract, iPRFe) ; %] J&
F e fe N BTG R B 4 B A M HUVECs i 4 48 A fo s o % 5L 48 1 5 S B 2 8 PCR 4 ik, e 4 48 X K 49
mRNA &5, &8 0.4 mg/mL /K #) iPRFe 123 HUVECs 3% 71 2k & #% 1% ;iPRFe %} HUVECs i£#% f= /& % A
BEGRBEAER, T BIRZH e F 4 R F (angiogenin, ANG) ,C-X-C & 5 #4 % B F % 4k 4 (C-X-C motif
chemokine receptor 4, CXCR4) | s/ 47 & & K B -F % 4k A(platelet-derived growth factor receptor A, PDGFRA ) #=
A P % 4 K B F (vascular endothelial growth factor, VEGF) #) & ik /KT, #518 iPRF T vA42i#t HUVECs 3§74 |
AR RS AR T T HE A A
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Effect of injectable platelet-rich fibrin on angiogenesis of
human umbilical vein endothelial cells in vitro

LUO Linjuan', PAN Jing', LI Chaoyuan®, JIANG Beizhan'

(1. Department of Pediatric Dentistry, Stomatological Hospital and Dental School of Tongji University, Shanghai
Engineering Research Center of Tooth Restoration and Regeneration, Shanghai 200072, China; 2. Department of
Implantology, Stomatological Hospital and Dental School of Tongji University, Shanghai Engineering Research Center
of Tooth Restoration and Regeneration, Shanghai 200072, China)

[ Abstract] Objective To explore the effect of injectable platelet-rich fibrin (iPRF) on angiogenesis
of human umbilical vein endothelial cells( HUVECs) in vitro. Methods The proliferation ability of
HUVECs was detected by the Cell Counting Kit-8 ( CCK-8) and the optimal concentration of iPRF
extract( iPRFe ) was selected. The migration ability and angiogenesis capacity of HUVECs were
detected by scratch assay and tube formation assay, respectively. Real-time quantitative polymerase
chain reaction ( RT-qPCR) was performed to evaluate the mRNA expressions of angiogenic genes.
Results The iPRFe at 0.4 mg/mL had the best effect on the proliferation of HUVECs. The iPRFe
significantly promoted migration and tube formation of HUVECs, and significantly increased the

expressions of angiogenin ( ANG), C-X-C motif chemokine receptor 4 ( CXCR4 ), platelet-derived
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growth factor receptor A(PDGFRA ), and vascular endothelial growth factor( VEGF). Conclusion The

iPRF can promote the proliferation, migration and angiogenesis of HUVECs, and may be used as a

novel material for pulp regeneration.

[ Key words] injectable platelet-rich fibrin; angiogenesis; human umbilical vein endothelial cells; dental

pulp regeneration

THE A SRR TT A e B B BRI 1Y) — iR
I, Ho i A F AR W LUK 1 098 SRR, B A
R RENE AT AE A OGRS R R iR
21445 11 (injectable platelet-rich fibrin, iPRF) &5 —
AR IV e 4 il o e 1 R AT 4 B A T B AR
H =Y R S R ES M b s & TR, — e R
AL T A A DL ) A [T AT LA
WM A T RS AR AT N A A A A R
AN iPRF SR FETA 15 98 RE N LB AR F BB kA=
D5 RARAE ) HOBARTE 2508 T I PR AR, T
ST 5 A AR A — A Y SO L

B2 H i iPRF BB AH DGR 3D
BEASAH 5T ) OB &8k P B2 40 i (human umbilical
vein endothelial cells, HUVECs) #£5% iPRF {i£ 4f Ifil &
HE RO RE 7, M A iPRF #E47 FEA P S R 1A 7 H it
pLiib7ae 2

1 HESH®

1.1 EZZXAAE

i DMEM ANEeiiaidt HRE/MEER
M PBS 2 ik . CCK-8 ik & (WLEE, P )
54 95 ( Gibeo, 2 ) ; 45 ¥ 4% % ( Sigma, £ H) ;
Matrigel 55 ¢ | 4 B 35 95 L | 250045 40 ML 355 55 Al
(Coring, 2 [H) ; & %% (Millipore, H A%) 5 il 45 A= Al 2%
B A (ibidi, B KA ) ; TRIzol 40 i 24 i RNA i 5%
SRR & (TaKaRa, H A 5 {3 25.0:#/L ( Thermo , 3¢
[ 5 81 2 585 (Nikon, HA)

1.2 TTEHAF bR 4EE G P BUR (injectable
platelet-rich fibrin extract, iPRFe) #9#] &

NS W oe Sl G N o3 (g I AR | R A (B
WA G5 [2021]-DW-70) , Bt A i B8 3 A A
o, MR AMIE TR R LS &
VAR S (AR IR 18~35 %, R4, N W | TG IffL
TR GEB , I VA IR FH % i I VR R R 250
10 mL #H KL, 7F 4 C 4T B0 (02142 10 em,
700 r/min, 3 min ) , W% B | )2 B (0% 5 4 5 RN
iPRF, 2% AL i 0 o2 r Z0F b 77

iPRF % T 01 65 , 4 80 mg iPRF ¥ K ] 40 mL
=B DMEM A58 235 35 5L 52 24 h, 7640 i 1
B 0. 22 pm JE#F U8 12 42 U5 15 5 iPRFe,
PRAFTF-20 TUKAA .
1.3 wmpii

HUVECs M H EIRE 2 B 240 il 22 b 3Rk A5, & ARG
FERCRENIN T 10% IG5 2F M5 M 1% HH R/ AAHER
()= B DMEM A5 R385 B 37 € .5%CO, 41
MOsEFRA RS, B 2 d R 1 R RE
1.4 CCK-8 %= Fab ) 4m 6,38 74 4k

# iPRFe 178 DMEM A5 485 35 3568 B, I
TSN 10% B 2F S A 1% 75 85 2%/ 5585 %, {# iPRFe 1Y
He g4 1.6 mg/mL 0. 8 mg/mL 0. 4 mg/mL Fl
0.2 mg/mL, SCH453R 5 41, % BRALh B L R
S 2 43 591 55 AN IS I A 4 FhOR [R] B2 () iPRPe,
FRHAWEE 5 A2 FL, B HUVECs Ll 2x10° 4~/ fL3%
FhF 96 FLAR, 725 20 i W BE J= B 40 0 S5 AR G 9 W,
YRRIEFRAE TGS, AT 1.3.5 d A RE SR
W, IMAEH 10% CCK-8 WiAY 100 uL =4 DMEM
NGRS R RO T 1 h, T B AR & 4% FL7E
450 nm ALFI SR (AL) o
1.5  XVJR 52 346m) 4m iR it 45 AE

SEHAY R 2 A, MR IR N AR 1% T
R/ HEE R T DMEM A 5E R 97 3 Sab 4 o)
HINGS I AR BE Y iPRFe , P 2HL 15 35 W E R 5 i 4
3%, 44 3 8 L, F HUVECs Lk 1x10° 4~/mL
AT 6 FLAR , FR A 8 2 ml & 5 IS S AE£L
FRFRAEOH RIR AR T, 45 20 5 e Ry Jo Il 35 25 1R 15 7%
W, B R TP R, T 012,24 h 7E .
B TR, ] Image J B4R FREMG , L4541 K
IR AT,
1.6 N TR, 52 B Ak ) 2m B A%, £ % AR

SRR AR 1.5, A AR LB R R AL A
10 uL & IR AT BN Matrigel JE 5 TEHS , B 40
KiFe4a 30 min fH HEE[E  J8%% HUVECs % 0
2x10° 4~/mL, & FLINA 28 TG 1L 375 25 18 85 5% T T &
(1) 50 L 20 A VR T 25 o e R T, A M 3 R A
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WH. 6hJa, T EREIR, LA 50 uL %%
4 6.25 wg/mL Y5 4 R, kEDEIEF 30 min, PBS
Uk 3 WRZOE B TR, H] Image J 403 B 2%
HNEL I
1.7 9By E ¥ PCR(real-time quantitative polymerase
chain reaction, RT-qPCR ) #& | s, fn 5 48 X 3K K 49
mRNA F & K-F

LR 4R 1.5, #% HUVECs Lk 1x10° 4~/mL
Rt T 6 FLAR, o 40 0 BE J= B 45 0k TG 1LY AR A B
FeW, T 12,24 h FERJEE R, PBS UE 3 1K,
FEFLANA 1 mL TRIzol 4 fif 40 i, AR 4 120 70) & 1 156
-SRI RNA , P TaKaRa S G306 7455
cDNA , #1455 i Z (angiogenin, ANG),C-X-C 3
FritafbAF3Z 1K 4( C-X-C motif chemokine receptor 4,
CXCR4) , IfiL /N A5 A2 A2 K& 7 3Z /K A (platelet-
derived growth factor receptor A, PDGFRA ) Al [l P
A= K A ¥ (vascular endothelial growth factor,
VEGF) mRNA {1 & ik 7K -, H il -3 2 it =0 Tl
( glyceraldehyde-3-phosphate dehydrogenase, GAPDH )
YERNSILH , TSI R 1,

%1 HT RT-qPCR KI5I455I
Tab.1 Primer sequences used for RT-qPCR analysis

HEN#AE IEE5IH(5—3) BG4 (5'—3")

ANG AGATTCTTCCTCCTGGG- CCAGCACGAAGACCAAC-
AGCC AAC

CXCR4 ACTACACCGAGGAAATG- CCCACAATGCCAGTTAAG-
GGCT AAGA

PDGFRA TGGCAGTACCCCATGTC- CCAAGACCGTCACAAAA-
TGAA AGGC

VEGF GGAGACTCTTCGAGGA- GGCGATTAGCAGCAGAT-
GCACTT ATAGAA

GAPDH CCAGAACATCATCCCTG- GACGCCTGCTTCACCAC-
CCTCT CTT

1.8 %itzam

FIr A BRI AT 3 YR ST SE I S5 B0 R
x+s #n , B SPSS 20. 0 AT ¢ K50 AL 2 7
225301, P<0. 05 A ERH G2 EE L,

2 &5 B

2.1 iPRFe %t HUVECs 3% 74 %t /) 8 % &
FHNIA] e B2 1) iPRFe 4b ¥ HUVECs 12 h J5 &
PL,0. 4 mg/mL ¥ 11 iPRFe {12 1 40 fitd 54 5 250 0
14,0. 2 mg/mL ¥ ¥ 1) iPRFe 4 — & {& #E4E H
(Kl 1A,P<0.05), 24 h J5, A % ¥ 1Y iPRFe X
- 636 -

HUVECs Y458 fig /3 ¥ {2 #e/E ], Hrb 0.4 mg/mL
iPRFe ZH 41l fitl 3% 78 % /% T 1. 6 mg/mL iPRFe 41 I
0.2 mg/mL iPRFe 4 , 2R HA G145 L (F 1B,
P<0.05) . P, 0.4 mg/mL ¥ 4 iPRFe #IA H
JEEHE HUVECS Y450 i AR IR B, R Bk 2 )5

1.5¢ %

AXTODIE

0.0

AHXTODIE

Bl1 AERE iPRFe 42 12h(A)F124h(B) 5
Xt HUVECs 1&3E 8¢ 1 %500
Fig. 1 Effect ofiPRFe at different concentrations on
proliferation of HUVECs after 12 h(A) and
24 h(B) of treatment

"P<0.05, "P<0.01, "™P<0. 001

2.2 iPRFe % HUVECs it #% 4t /1 8%
FHEAEMR B 119 iPRFe 4b ¥ HUVECs, 2% 41 il
TGN, WK 2 s, 5555 12 h i, iPRFe 4 19 48
WE R R K TR R4 24 h If E R B L H
HAG A5 L (K 2,P<0.05),
2.3 iPRFe % HUVECs & o 4t 71 #9 % v
/NETE S B 45 53 7R, HUVECS £ iPRFe Ab
B 6 h 5P U/INVE B %452 s B o3 SR SR R
ARXF R TR IR, 22 S A g2 L (E 3,
P<0.05) , [, iPRFe b3 12 h 124 h L] @42 55
7 HUVECs ' j Ifi 45 AH 5¢ & [ ANG, CXCR4,
PDGFRA #il VEGF f3RiA7KF-( 1l 4,P<0.05) .
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X HE

X REZH iPRFefH
12h

500 pm

2.0 ek

iPRFe4]

X R4 iPRFe4l
24 h
2 iPRFe ¥ HUVECs T &8 1802200
Fig.2 Effect of iPRFe on migration of HUVECs
A IMIT RS A ;B .C: 12 h #1 24 h 5 AY4IEARXHT R 3 B ; “P<0. 01, “™P<0. 001

A A
XTI iPRFefH
1 3 o -
% iPRFeff
= * *
Eié T
=R
%
0 o N
< e
y? C”G g <& R\
200 pm 200 ym le h
B
B
o : i w5 HEY]
= ol 2 i; . %) iPRFeff]
: = -
S 2 z
N\
& & <
= S d
g = ”
N (€] QP‘ Nad
> L €
& TS &
N QQ
i 23 — 2%h
W E20 1
= s E 4 iPRFe 4:¥% 12 h(A)#0 24 h(B) 53 HUVECs
= & 10 PRI 5 48 3 2 R R ik B B0
ﬁ 0.5 é 05 Fig.4 Effect of iPRFe on angiogenic gene expressions of
Z 00 E o0 HUVECs after 12 h(A) and 24 h(B) of treatment
o B o5 B *P<0. 05, *"P<0. 01, *"P<0. 001
N D
3 iPRFe X HUVECs F{ %48 N KIS 3
Fig.3 Effect of iPRFe on angiogenesis of HUVECs
As INET RS B NI RS B AT A BE A AL T 20 B RS A O I R 200 i ) B R
P<0.05, "P<0.01, "P<0. 001 W, M TR LT SR A RS 3 T
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YAtk G T AT B Y SR HERR RN, PR G AE I R N
B R 3438 1 SRR AR KR
A 0 2 B T A 1 ) S T A A [ R o
IINHR I A ] o — 2 R SR AR W) SR R A B 2
AEAE S A E T A RS A RS A Ak AR
KT, vl B A ot R AR D A R Y
BT, O 2w TR F O AR R 4 4
A:UOT o iPRE 2 K ol 22 A AR B0 1
S0 Ay 7 25 /DA e 4 ot | GV AT 25 0 O B
B A 240/ RS, I AR =R T B Wt
[, N AR B it T —Fh s

MG & T P 2 M A5
A TR R P A BB R R I A
AR ZH 2 BRL b i A8 AR R A 10 ), e A 1
EHEE SR M A kEE e &
PN 2 P A AR P U A ) e A T A P ELA R L
TRRE A0 5 T A0 L B S, BT DU R T
YRR AE A R A5 5 T A4k I P9 R 4t L, T
KRB TR RN G 5 — RV PR
ARSI F i HUVECs Y5 F OB &k N iz, vl LR
SRS A BR A TT PN B A0 I B R R R TR
PRI I 45 AR R I, A R 9 4003 A 4 i 44
A GERS RSN 53 A 5256 5 BT iPRF XHASME 52 1Y
HUVECs A=W)2#A7 52, W12 77l iPRF £E A=
PEFREIG ST T N T

DAFE AR ZE$ Y, 0L/ NS i 208 Tl o ) 200 A 4 2
TR I AN 58 e R BN BEAROME ™ TRl B,
LR ZE BT W AE BFSY iPRF X AR 22 F 3.3k T 41 i
(human stem cells from apical papilla, hSCAPs) 4-4)
SEAT M RO R B &% B 0. 4 mg/mL A4 iPRFe {iE #F
hSCAPs S5 R F 4 ,0. 4 mg/mL f) iPRFe & fig ]
Y25 hSCAPs (TR AT 1LAE /17 K, AHFSE
SERHANF 5 T AT R, E T 1.6 mg/mL
0.8 mg/mL 0. 4 mg/mL F10. 2 mg/mL 3t 4 ¥ JERA
BTt E HUVECs 358 AR, 25T
12 h F1 24 h 22 J5 £ 4140 () 3458 1% 00 5 , 0. 4 mg/mL
WREE() iPRFe #A A 2fiE i HUVECs 3478 i e ARk
J& . iPRFe "GN RN VF 22 55 41 M3 58 378 A4k
BRI 1 ARSI 28 R T8 B R (9 A
K PRI ) A B AR SR fre A , v 14k B s
IR IR A & A 0 88 2 i 45 A A
MbREAT A Z —, 2 5 8 A R R R &)
PRSI T B A LR ) 2D 3R IR T, MRS
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FRRY AN SE Rl A 5 , ETCITE A5 T AR il 1)
SR A A1 0 AT DS 20 i i i RS 0 e, EARIF ST
o R 12 h 5 iPRFe 20T 2 T4
WAZH 24 h 5 40 22 5 S B 8 IR iPRFe 7] LLA
SR HUVECs (T R8 66 J1. SR, BE 2 (10 40 i A 7
SR fi 2 2 A R 1 A S A B A R A
HAEHVLRA it — Lo

ENTIEUBON oI R AR =% P S 3rNib]
Kl sk 45 9% iPRFe Xf HUVECs J# IfiL 45 B VE . A<
SO 1) Matrigel 5 5 fise 2 B f7 5 FH B4R 4 I
A ABARY AT LLPEAS 20 I AE TG I A5 1 S5 LR
Ji v A A DR R 4 9 5 4 A A P T AR
INEREZERIIBE T DGR F TR T iPRFe
HIE R/ NERESE R W 22 T X BR AL, 5 3 s
Irhral F—3, [F A}, iPRFe i 2 3 #2 7 HUVECs
TP RMAS A E L ANG .CXCR4 ,PDGFRA F1 VEGF
) mRNA Fik/KF, CXCR4 & 54N, 178
A A TR S AN M A B T A AR ANG
PDGFRA 1 VEGF 3 i:f ¥ 17 1L 45 PN 12 20 i ) % 471
527 TR R i A A O sk e i A A A R A AR
iPRFe 41 1Y) =5 A W E W] 1 iPRF Y42 1l 45 2E Bl g
1, PE4GHE iPRF N & AT LAY 10048 A Bl ) 22 Fh
AR, B35 R i AR AT AR A K
(platelet derived growth factor, PDGF) F{bH: K A
F (transforming growth factor, TGF) 1 VEGF %,
ATLAZHE Rk 10d RL RS AR A — T A A
LRGSR % B, iPRE AT LA _E R i 48 AF A 1
VEGF )ik, iPRF 154 HH i 44 >k ok th 9t 4
TE AT DA S 1t 5 A AR, AR TR IS B
UEIRAE ) Bk, iPRF 7EAE 3 145 A 1 i £
AT e R T AR SRR A LA il A AR R R 2 4T
A RBE GBIV EE, SR, AP R A AR K
JRiBRYE, A HUVECs A A7EAE T A FUIR A T /1) - B
AR L N e o AV B R RA ER U e el 1 (oA A
e S TS |1 - S N S S T N S TR E R |
2 HRFY iPRF X A8 P4 [ 7 240 Jfd o it 7 73 f b g
JIRI B A B B iPRE I PR R A 0 ]
ik,

25 LTIk AR AE R R W] iPRF XSS SR
HUVECs 458 iE 8 F1 R I 5 431k 5E 1 A (e #E4E
FH, g Al S 0 i /N AR £ 4 5 P T A R
BEVAIT PR T — B LA, (B = F L Rl R
AR A REiE— PR T



555

& HiH

S5 TR AT /R AT R O IR K P9 R 20 B RE D B PR PSR Y

[ &3]

(1]

[6]

[10]

[11]

[12]

SUI B, CHEN C, KOU X, et al. Pulp stem cell-medi-
ated functional pulp regeneration [ J]. J Dent Res,
2019,98(1) . 27-35.

CHOUKROUN J, GHANAATI S. Reduction of rela-
tive centrifugation force within injectable platelet-rich-
fibrin ( PRF) concentrates advances patients’ own in-
flammatory cells, platelets and growth factors: the first
introduction to the low speed centrifugation concept
[J]. Eur J Trauma Emerg Surg, 2018,44(1) . 87-95.
LITVINOV R I, WEISEL J W. What is the biological
and clinical relevance of fibrin? [J]. Semin Thromb
Hemost, 2016,42(4) . 333-343.

RAFIEE A, MEMARPOUR M, NAIJIBI Y, et al. An-
timicrobial efficacy of a novel antibiotic-eluting inject-
able platelet-rich fibrin scaffold against a dual-species
biofilm in an infected immature root canal model[ J ].
Biomed Res Int, 2020,2020; 6623830.

WANG X Z, ZHANG Y F, CHOUKROUN ]J, et al.
Effects of an injectable platelet-rich fibrin on osteoblast
behavior and bone tissue formation in comparison to
platelet-rich plasma[J]. Platelets, 2018,29(1) . 48-55.
MIRON R J, FUJIOKA-KOBAYASHI M, HERNAN-
DEZ M, et al. Injectable platelet rich fibrin (i-PRF) .
opportunities in regenerative dentistry? [J]. Clin Oral
Investig, 2017,21(8) : 2619-2627.

W TR R AF, RS AL R i/ MR AT 4R A
XE AR FL Sk A E Y = AT A e ma [ ], H s
PR ,2021,41(7) ; 594-598.

ARASHR, B3, O B A RE A B A A S
R B LA~ e [T ] WL RS2 A3 (B4R
2022,51(3) : 350-361.

2RI BT TG A I/ MIRATT AR A I P F-BB
ERERI TR T4 22 15 731k K A AR 53 R IR I 2
ML), R FAR (B4R ,2022,43(2) ; 165-173.
LIU H, LU J, JIANG Q Z, et al. Biomaterial scaf-
folds for clinical procedures in endodontic regeneration
[J]. Bioact Mater, 2022,12. 257-277.
FARSHIDFAR N, JAFARPOUR D, FIROOZI P, et
al. The application of injectable platelet-rich fibrin in
regenerative dentistry; a systematic scoping review of
In vitro and In vivo studies[J].

2022,58: 89-123.
NOWAK-SLIWINSKA P, ALITALO K, ALLEN E,

Jpn Dent Sci Rev,

[14]

[15]

[18]

[20]

[21]

[22]

[23]

et al. Consensus guidelines for the use and interpreta-

tion of angiogenesis assays|[J]. 2018,
21(3) . 425-532.
FOLKMAN J. Angiogenesis in cancer, vascular, rheu-

Nat Med, 1995,1(1):

Angiogenesis,

matoid and other disease[ J].
27-31.

R A, FHTUAR. A P A P et i A A e mes A 2t
JELT]. T EAZUTREWISE,2022,26(30) : 4904-4911.
FERNANDEZ-MEDINA T, VAQUETTE C, IVANOVS-
KI S. Systematic comparison of the effect of four clini-
cal-grade platelet rich hemoderivatives on osteoblast be-
haviour[J]. Int J Mol Sci, 2019,20(24) ; 6243.
THANASRISUEBWONG P, SURARIT R, BEN-
CHARIT S, et al. Influence of fractionation methods
on physical and biological properties of injectable plate-
let-rich fibrin; an exploratory study[ J]. Int J Mol Sci,
2019,20(7) : 1657.

BELOGLAZOVA I, ZUBKOVA E, DERGILEV K, et
al. New insight on 2D in vitro angiogenesis models: all
that stretches is not a tube[ J]. Cells, 2022,11(20):
3278.

DORING Y, NOELS H, VAN DER VORST E P C,
et al. Vascular CXCR4 limits atherosclerosis by main-
taining arterial integrity: evidence from mouse and hu-
man studies J]. Circulation, 2017,136(4) : 388-403.
WENG C H, DONG HJ, MAO J J, et al. Character-
ization and function of the interaction of angiogenin
with alpha-actinin 2[ J]. Front Mol Biosci, 2022,9;
837971.

ZHU L F, DISSANAYAKA W L, ZHANG C F. Dental
pulp stem cells overexpressing stromal-derived factor-
la and vascular endothelial growth factor in dental pulp
regeneration[ J |. Clin Oral Investig, 2019,23(5):
2497-2509.

SOLINC J, RAIMBAULT-MACHADO J, DIERICK
F, et al. Platelet-derived growth factor receptor type o
activation drives pulmonary vascular remodeling via pro-
genitor cell proliferation and induces pulmonary hyper-
tension[ J]. J Am Heart Assoc, 2022,11(7) : e023021.
DOHLE E, BAGDADI K E, SADER R, et al. Plate-
let-rich fibrin-based matrices to improve angiogenesis in
an in vitro co-culture model for bone tissue engineering
[J]. J Tissue Eng Regen Med, 2018,12(3) : 598-610.
YUAN S, LI Q S, CHEN K W, et al. Ridge preser-
vation applying a novel hydrogel for early angiogenesis
and osteogenesis evaluation: an experimental study in

canine[ J]. J Biol Eng, 2021,15(1); 19
+ 639 -



