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Background and Aims: Pulp necrosis in immature teeth disrupts root development and makes the
teeth susceptible to fracture. Regenerative endodontics is a relatively new modality of treatment
where the necrotic pulp is replaced with newly formed healthy tissue which has normal functionality.
Many clinical reports have demonstrated the potential of this strategy to induce root maturation and
apical closure. However, clinical outcomes are patient-dependent and unpredictable. Developing
predictable protocols can be achieved through the interplay of three basic elements of tissue
engineering, namely, scaffolds, stem cells, and signaling molecules. Furthermore, the clinical
success of this treatment is influenced by both the method of preparing the inner space of the root
and the type of biomaterial utilized in the coronal part. In this review, we discuss recent advances in
tissue engineering-based strategies for regeneration of the pulp/dentine complex along with their
advantages and limitations.

Keywords: Regenerative endodontics, Tissue engineering, Pulp/dentin complex, Stem cell,
Signaling molecule, Scaffold

Journal of Dental Medicine-Tehran University of Medical Sciences 2023;36:15

Cite this article as: Noohi P, Abdekhodaie MJ, Nekoofar MH, Dummer P. Overview of recent advances in pulp/dentine complex tissue engineering.

J Dent Med-TUMS. 2023;36:15.

Copyright © 2023 Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences.

@0

@’ This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license
(https://creativecommons.org/licenses/by-nc/4.0/). Non-com

uses of the work are permitted, provided the original work is properly cited.

1


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

&9y dlis (VE-Y L3100 dlis ¥ 0,93) s loyd (islhipg Slosd g (Sisiy pole olKutily (S 5100 aleo

T/ AL ShoS CEL (wiipe > i SCS il 2 (65950

#Y

f’o‘b Jsl,:c*x)égﬁ Cmd> oD ¢ ‘_;‘»JQ-C)JJA. ..\m“‘_??; Lm\-}'f

Ol el s b inio oL (i 5 (o (pkigee 0251 —)

i (koSS Mz 0S8l (938 pole g (datre Can Cupide tolpl OIS i pd (e oS S g o (pwtigs 02ty slil -
U e )55 €95 )95 il gpg e ol

s 5205 ol 3 €3l it (Ao o9 hal sl sl (S5 ol oSS (K35 e Syl g opS Lol ¥
3ol et doxaly olSetily SL55,105 aaSels ¢ puSing] 55501 9,5 £0lt] o eld (S psle oSl ¢ Kb, 4585y slasyglh oSl
asy

LSSl ecayd )57 ccay 3,8 oIl coMas 5 (S 3y Canns j pole alS ¢ S 35105 oasuiils —F

RIEAERPSYIN saSe

°

i g4
oo e Sl WS o (St diamno |y Lo )lass 5 Jiseo 1y aityy Ay LU (sla s (5 b 54,50 19AD 9 da*o)

o S5 o3 (8 b e a8, oo 31l o coge 0 o8 s 1, csiis oy gy Lok

VEV/ Y sy Ay g ) oS5 5o 1y o3l nl ewily (sl Sllllas Sl (g)lhuns 255 (230l (arb 4l €L s 3 Sl
VE YT AYA 15 Gy b G Gl BB g dase Glagite 4 atly b @l Jl ol b ledh ol JISel (a5
VEV/ea/0 Ll 5 b S s (g Bl odige (olol paie aw Jols @bl Gw e JB G USSen
o o0l 0dle Cumyj £95 g Ay (F9)0 (shad (gjlw odlol 0950 0gMe 4y Wl o Cuwd 4 (20 S slo JoSgo

i ghe dtiunnsyl SS9y 2 3l Gt iy 5y Ll GRBgR ) WS (0 S Sleyd gy ol (il CulBge & (2T i
(P iz dos DS o8 o )50 ] (slacudgime g Lljo b oljen le/ ly nSliaS colojl <l i 2 (e

PP O dee
i oS5 i g o potige o35S Gyl (o3 S J5U50 53ty Sl crlel Ly (Sl el iz o3 ojly LuSingil 10 519 ulS”

Ol el iy
(S 35153 0uSLiil ¢ WSiirg il o jgel 09,5

ol et s b pole oSl Ol Sloy? sl loss 5 (Subjy pole olStily (S jilais aloxe
VE-Y 0 allie Y5 o6

(Email: abdmj@sharif.edu
nekoofar@yahoo.com)



https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

)Sen g (55 Lu s

gle/ b (uSlaS b wtine d p3] glacd iy )9y

OfSmgile jols o 4 lis saalin LB K pus sbul cely
odid Mol uS 5 51 a8 Canl o sl ¢opl b L(VA=YY) 555 oo
Lo (VoYY) Siisn (8l plo b oelSmsile 3500 | TAP
5 Joflasse sl (DAP)  Sysmil  alg  jas
Pl (5 (g Sl 3 (V) 295 o3lisl (S gl s
(VFYD) ol 05 Lo )iS TAP L DAP alio LS5,1550 il o

ok Jols (o asd sy JUI phes (Sote 15l g
calize 15 (gl )giS (gol> (guas A oo yilo S5 (552 595 S
ainy JUS 5l & 1y amilie (oobio cslaoh g 135 o sl
&S Wloaly lis b sl )55 5 ool 4> )51 (YF) 259l 0
adyy Job 1) e 2o 0)lpd (A8 s & yxie gy (nl jl eolia
calojl gy ol @l Ll (YVYA) 29d 0 ST (05 dts
e JANA) Cunl Sglite ol e 3 9 (S Gl JB 22
e slalis 13 o1 cilujl JUS J5h (clacsly uwlis cdl
e <l 5 ol bly ad dtwen el caluil ol 5
(V¥ ) el odls plis gle g G sl @) plsseal b plow 403

Pkl Glp S ol 5SS Bl wiie
Slp Wl L edlatul 3)se (sla by, (slacudgie
(B )5 e VAR and Bl ol o s b cdl waige
bl and <8l (5 g (eoine Bl 5L gl sl oS Slej
A5 () (PGA) (3l SgSlS) (s 0 oo (s ) ool
o6 b ool slaJske (gilwlis g (ollis cdalsl j3 (YYXY)
@ zle/dl cdl wiige o slodes slacd piy cuw (DPSCs)
(sl 0B 1(VF) w35 0l pdy Sl Gl ks 1 aST )
)5 el Ald 93 & lyie ) gl b cdl et
ol 23l BB g2 g0 il o o o s QI S cbojly -
Al 8l o)lgd calujl - 5 w8 colia ]y cdl calujl Sl o0 9
b Jol5 calijl i Jos 3 (10) b JolS 59,55 &0 53 ol
o J) Slaeid slog)S 5l ()b 9 ol 50l Gl s 3>
Hlo3,8" oolil (il (ol b agzlse (sl Bl pwtine

03l o2l b Bl ukine p e sl3,Sagy 5l eslitd
slacedgize p Slyie 15 Gl g b » s JyuS
rais dw Jols bl ool poaS ale b SeS ety

doddo

Sl § Sty Slals G 5l i L cisie s Sl
b 59,55 4 yamte Canl (S oy pas g0 )3 (Sl SSlel 5
Wy 939 o0 Jie adyy 8y el joySS L FLU (s S5 53 098
Bl (S2uSb e Gy S8 5 S sloo> oS Jsb L
sl v T o> gy S (il eSsagail (1Y) bog o
o1 JeS5 ol €l o] (b o Sl b 33,55 b b sl
Ded e ddyy JU 3h 3 03 cdl Rl i lojl by &
gy 5 Sladey S Cigie Blo lujl uSingsl Lol Gan
Sl 5 G908 Sygo 4 ady) dng o] S 45 Sl cuiog
Jolpe (FeF) ol (SoaSs ol po o] (sloo)lgud cuoglio dguro (gl
dyy JUB (95 ggie 15 Jold (b sl > by ol &l
50 S5 sayy JUS S5 & Saly SISl € 5 (s oo
NEb 25 poe g st 9 lie g Olows Jlail o B JUIS s (95
O x99 4 Gy p JUb Caj oo S 30 )8 b
(V) Canwl ddome cigae | (655 el (gl s 2L

S ghe ao s Gl (giljl cudse > ol 1 ieke
ol 05 03I LSy (gl yigh 53 cCuwl oy JUI i
Oloy b s Jd> cn ol oxile (L (slas 8L 292y &S
et Lo djluliel SSgy sl sy (F-A) cwl ady,
980 o3l Cigie JyuS sl (b bl ) & FLL slag
S35 slag s 5l oolial L olyen madw CoplS g b gitiand Jolis
o) o pizly & 35, dlisee glgsl JUIS 31 (slag)ls .ol JUI
(A) sl oSgn (51 5 a5l yrad bgloco 5 ,luS'g)0m S
s Enterococcus faecalis a5 Wloaby 5,155 oldlas
2 350 Sl S pials & Candida albicans
Aol 1)) Mt adyy 386l Gl L glaglus
oo (WYAY) wloaly lis Cioglie wluS g)aud puudS 05,Sh0
S oplp Sy &S (TAP) & aw Sigw &) pwed wusy
Sl g @ Cusl pulSemgile g Gl glig e (Jojlasg e
il Oldllas ax ST.(VANF-VF) s S )8 eolatwl 5y0 JUIS 31
bl Sogte 5 o 3l ) TAP (ol Sk oo Sl (b e
S 5 oy 3l edlatl Ll (VFAY) wlosly s adsy JUI s 40


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

&9y dlis (VE-Y L3100 dlis ¥ 0,93) s loyd (islhipg Slosd g (Sisiy pole olKutily (S 5100 aleo

il stz sh3Sesy oo ) el il il sie)
&y ghmnl dagye OYlie plo 8L (gly cpioron WA oalil
W) P‘?Ul e 0 L;’L»Lw oYlhe ole 5l

Jslo
i sshe dlox I (Sjsnsl ol gladsle Lol
zlyzewl sl Jolo (YFFY) (DPSCs) los b 5l onds 2ol
zlyl ool ook o (FFFD) (SCAP) Mol JIKT 5l o
M8 g o (F5) (SHED) a5 (sl 53 o
5 o ooy Oldlas ol oad Bluil WSiDdedl > a>e
shply Siensl ool sladshe Sy iz gl (5 090
e 1 oo 31 ilisis gl & 3l 32k 5l gleldly cslust
(AF-AY) a5 (0+=0Y) JUWb gl (FY-F1) cadgsal sla Jslus
Sy bl iy Sojenal ool s s .l ol L
ot Jobo . nn 3,505y e J ol Ay Sl
Cauyld g9y » |y SHED (0A) |)Kens 5 Cordeiro .situs cily
Jools sl g waly s s by SO b oyas )3 oad sl
zle/ b e lujl (6l SHED LUlgs B ool )3 jhge cudy jo 1,
S St osel Cowd 4 ol ST oLyl 1y (5 e bl
Coglre > Candlgiad 405 gla Joho (55l Al b Bgpe <3
S350 ples obley alie gy 3l eolatwl ol lis Ty zle i
Rl ladshe bwg w> dpg gle by 9 SHED (ol ) 4
(0R) sl sl Iy Oi 51 4l
Lale j0 esd ool cuiS DPSCs ¢gjlye (slaslllas o
6o )l a8 oy LS |y (b ad bl (lass bl Gy
CudS eoizmed (F1) 08 (0 plo |y Sfgndl ples b basye (55
DPSCs L:SCAP d9l> u‘.b.) Ay u»).»/pw.u)li )L.>L.c P O9)°
& adyy JUK j0 a0l Sy b s cdl LSl 4 e j0
dlazel y3 zle dus 8l Cgwy gy opl )2 (FV) Ab 0-F mm ol
ol JuSuis o3l zle dnd <l (Jb ol b b odaline o zle o)lgss
Ghyls i 00> cundbgal ad sla ol o] ,d a8 ablie )3 3> 4
Ol dusliio 29 4l glo and il g (2le Uy g 9 Jsle
as el a5 sl L 35 DPSCs g SCAP (gly oel s 4 golis

slodslse 5 Jsho s (dm Bl pusipe S
iy S U e 03,5 51 sl (o3 5 o 23 S
iy gl )3 el 4285 15 o3lital 3,50 glef I Ll Sl 5
090/ Cawgyls olyen 4 (Exogenous) I3 (gp sl sk
s 5 Mo ox 5 acy JUS 5 5 (o3 Jipm o Il
b bagye oMo (Jb ol b ool 48)5 515 cw) 0 3)90 Lol
90y b » Jobo p Ste sb3)S9) (352 (sles <5k g
(51 s 4 330n0 (i sl i A ] tn3e 5 3
il @y 38> sbdedhgis I Gom 4 b Syl
Cable a3 Jlaio) (Sl db ol Sige 5 Cupte S
bulyd )3 Jobo p (e la3,Sag) dadgy ool 4oy 5 nolej
3509 ol gladle > (fFYA) WS collasl 1) 2l
SloaisS lassal 13l leie 4 (Cell homing) Jekw 35 €Y
ol 2 el &85 15 g 3y90 Jobo e agleys
sloJsho 23S sla JsSlge ST S 3o 512550,
Can s S )0 b Wb 0 32945 bjee (Endogenous) (gl 9,0
3,555y 50 (YAYFY) uiS @ plpe adyy JUK S50 0 osis sk
WS o Wl (0l 8 (25 JiSew slasge (Jobe (35 &Y
46 objse o3k slobe o (lp (oSS 2 ogde 1
b and cdly LS Coow 4 aduy JUI 31 50 bl ples colun
cdl calojl p pl lacdpin » 9 9 Ui OBk

2 Sy b cdl edine p e s3Sag) )b 5l gle/CdL
Ay oy o) ol G a8 bl ams o &) lacn)ls
i Zlefdl il calul ly wdite GBS 5,8

g gos 485 5la5 )3 gy ol 3 (b s

2 0R9)
PubMed  SleMbl ol Sog S gooine
ololS” .05 ploul Google Scholar g Scopus Europe PMC
MRlel oSS 2Bl osige? alar | aslio 53
Clel Jly pShaS CSLfl (lyy o> €l Ay 3Ly

2 Yo gl gly g pe GYle )0 0y yoi ailiie lle g


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

)en g (55 Lus s

gle/ b (uSlaS b wtine d p3] glacd iy )9y

ras g ad ladshe (e (V) 23 S (S ep lys
b ook 4 16 podinl b cusS” 5oyl 5l osel cowd 4
Ol¥n ki sl sho o ST.2608 02l led S5gnal ontilze
Ll (FA) S pcem 0 31 (S39i9m] 035 o (el Selgil W
o wgyg il oolamwl Jus 4y il calwjl gly b Jsho oyl 51 ooliu!
59y sloygslh 5l oozl b Jsbe JBb & loyeSh sl oy
ohbs bW by 0 Jokw daome (g3 asby (gly 55550
Sjgoald (ool sladshe oyl 51 L(FA) cunl olpon (2295 JB
e Sl Jlonl Gl sls lsie 4 g goyd )3 > 4
A8,5 5 a5 290 lel il
wile (iliseo glis jl glgien ) Sjgndl e o3k sla sl
&b Oldllas eST 0,8 s oy Cob b g Cawgy ¢yl 320
Sgendl it oolin sl Jobo Sjenal jled Ul 2L sl
Shge 0xd (ool (Sl b ojis ()5 sl 0 plox]
(BMMSCs) lgzcinl 320 omiilie (oobis oo b olyeo
(PLLA) (sl S8Y) L o (Matrigel) 5 yle Comsjls b ol o
ol Qb @ 4 Jolo oS 5 L b anh ol S 4 omie
b 8l S5 4 yomie Jobo 9 jld b 5l oolitwl a8 Jbs j> cds
e i 5l o 533553 31 ol (V-] 2 il 5L
SWlcos o) (Game 9 DSPP 15 ol 3o)b 1 565 (22 jl 0
Yo 450l b alie (V)) 1 sanlie DSPP oaiiS lo woyge5]
5l 30 CD31- il b Cores iliswe gla ol i ()l
S50l Jles Gl g 8 b (22 C8L g plgeinl jae (sla ol
5 Cmax (gl gl (5019 €S 8 8 )l 5,00 o]
cAluib 4 oo 0y g Gledial jro sla Jobo jl o las CD31-
» Ll .(VY) A S o Gayﬁ.]l; dlmO]JJ.) 2O 0D ‘_,’.:l) S,
(55 <8 (g5l n Joho 335 )3 sy Jobo 09 s el
plod yidio ole odiad lis &S wb end oy (Jolw 09,5 jo Ladd
20 b dwlis ) 0> CD31- S cuzer sl Jobo Siwdlgsal
ol Carer oo caloil oly ol dwlis .Cul gl
Ay 5 0900 Je yd (y2 5 ezl jxe «dy jlodds las CD31-

Ul b cdlofl g 2l cuas (23S Ol 8 Sl

DPSCs 05,5 j| ppssus g diwgg SCAP 04,5 13 s aidlo gle
g

Sl ool sl Jobo lel dl logl e B
g @l ) V) aes (Real e gl g Slpse Gl
ey ol e Qb cdloil clp Sl delse ) cras
B Camox ool il sy isupj sjlulia p s |l
2 load S sate YU ) ceas 5 2l) S) calB L Glos Qb )
Bl S oo @ly (150p; 93 (Blujl (uSeBagl
SWissl sl S5l CD146 5 CD31 . CD146 4 CD31
JUb a5l (Progenitor) 5l yiw by Jobo (gjlw lis (gly &8 diun
5 Ogn S (FYEY) Ngdioe odlitul JUbgxl slaJgle
S Seifs39] el bl D31 il amar (sl Jobo
s Jsbe JEsl (FY) cusl ool lis 1y (Jsbo 03y cpl JLbsgusl 4
o1 gyl (slaJsbo j) a3 ls CD31-/CD146- _ils e
ol s J51 &y Y s oy & S s L
Sob osd 2l; S, b as il calujl 4 e K o
s Jsko 51 (#¥) Iohara 3 Nakashima .(F0) ab _uac sla Jolu
syl 9 SDF-1 ;55516 ol jons 4y CD31-/CD146- _Sl> Cuzer
o 9 038 il S 1y > b JolS el bl gl S5S
of Juar g lasl g gy ssl> Gl e 28l coluily ) Y0 |
55 CD105 5 STRO-1 .65)S ssalie 1) gle aud cdl S5
Wb ol gilwls dy & s Kb By S0l
S g5 oditd Ll J o gl slosbe 3 (niil
5 SDF-1 olyen & I CD105+ Sylgl slo b (5 90
S g3 53 dgug gle by JolS caluly sl (53N >
Ky il oolatn] ¢ wils Cauzon (sl Joho 008 gl gols dgn g b s
b o cpl g o p&a >0 DNA & ogd Juale Ciw)gld
03,8 dgama |y by b 5 )8

s> S35 ey sl o S olizl 5 Al ¢ St
Sloldlas Sy 0 10 () Casl jlow 355 sl Jsh 4 dgaxe
Iy ad eolawl (33l lais a0 L i g0l sl Jobus
W Olgin @l ladshe ples Gl Gl oallygios 1Y

» (Neural crest-like cells) auac zU aus sl Jolo & igo


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

&9y dlis (VE-Y L3100 dlis ¥ 0,93) s (loyd (isligg Slosd g (S pole olKutily (S 510 aleo

Tl oS bl y3 Ll 3o 5 (23 JUSw 990 (2 Tt 5l St - Jgoa

T/ ShaeS Calwjl g drwgi jd BT o 0,8 25 JUSaw J5g0
S (V) TGF-B3 Lwgy ol by slo Sk (o5 (Same iulj8l (YY) TGF-B3 § TGF-P1 hwy zle in by W) TGF-p1p3
{V0) TGF-B1 Lawgs (s gle sl 5 cusdgigal and sl Jols Coos &y jolos ’
oy 2y gle @l (VF) BMP-4 g BMP-2 hug Yoo zle wgw) 9 ld (b (sl Jobo Sewdiginl jles Wl BMP.2..4..7
BMP-7 L (VA) gle i LS5 3 ECM g 5 gl 5 (VWYA) o
(A1) 5 09 lalyd > ) gle 5 SenoMgsal o Gl 5 Ghjee b oo e PDGF
el uShiaS 8Ll uges 5 (MVAY) Sl stial los LialBl (AY) oS BgaS Capols 5 35l ol 3,Slac -
(AY) (5 095 bl 5
(A¥) DPSCs jylas 5 iS5 (5l IGF-1
(AD) (55 (19> Tl > Al 4 b Clojly Jurnd 5 (5 (g Ll > DPSCs 2o S SDF-1
(M) 3 5, sl VEGF
(M) DSPP o DDSé’ II’) 1
DSP Ly (M) (5 09 Ll » oM Gy (sla sk Szsdugiial ks 9 © 2o iS5 Lil38) DPP
{(3+) DPP Lawgs el (sla Jliwg S JSiis 5 03 & Jlail 5ol 5l (2l) (e g9
oy gle Sl 5 ale cudgial gla sk 4 DPSCs ples Wl (V) gl (2l (Same sl 52908 OBion S DMP-1
(aY)
(YA Losoy ol 2le 5 5 b ela sk Sszodlygs] ke s BSP

a4l g9y p TGF-B3 5 TGF-B1 b 1,8 a5 WS sanlin
&BT la ol 5 oalizl b oo (g s b canMgidl
Amd o il 1y 4l ol Jehe 51,5 L5 5 (Agarose carriers)
Jbs ) gle iy cwebs (il g i1y Lligle ol ash
Olgziu] K58 ya0 (sla g TGF-B odlgils slacl plo o)l
BMP-2 5 gy Laslyd jo oS cowl o j5)l35 . (BMPs)
x5 o ly S s b sla sl SKmadlgsl s
o sladshe opizman (Ve r) wmde (Rl ) (SINS uile
4 Ol w)&y}b] Aud LSLQJ%‘“’ L o0y Els: BMP-2 L o
3,87 slaels ool )5 xoly S5 (5 gy bulpd 2 1)
bylys jo gle/ b sl cawdygisl sl g9y » BMP-7 (g4l>
Jom le Die JSi5 g ECM @b 5 (nidge S58 40 (5 (9

YA) a5 g, ¥

b dglio 3 gl (s bl oy Glis (e g (lssl o 098 9
L(A0) 29y yidgazme s b jloas lis CD31- sl Johs

> JiSew o JoSJge

(b sl glacdls o b (2 JiSw sla 550
bl anhd j ( Jolo ;505 claody 4 bag)] pled colun wile
S JiSes Sl Gl Sl gl () Jsa2) 35 oo W (slogy S5
el calojl wuld cudbse > bdole L8 S 5 9o
Gl ortr ololid oy ol J s 0155 s glell
eaass Célojl 3 el Gua G b LS ololid pioen
RGW PV

SeoMigndl jlos (sl & ) (glo)gSB I e 0dlgils S
oo gle Calo g bewndlgnal (b 5 el (oo a3y Job 5
(V¥) Smith 4 Sloan .(37-43) Cusl TGF-B 02lgils ccunl (559,05


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

)en g (55 Lus s

gle/ b (uSlaS b wtine d p3] glacd iy )9y

2l Gl Glg Jds 4 a8 cl Koy JiSgeny el S
0,8 es Do 5 ol Lials b sl ke StoMgiol
b 1y ddyy (waass calwjl p oolaiel ol ( JLlgul sl Jolw
Jes X3,8 S (VeF) o )Kea 5 Okamato .(V-5-V-A)
s ol Y UM eSS gackle b olislsess L DPSCs
5 09 alyd 3 2l Saxe 5 (5 9 bl > OCN 4 DSPP
G sk jlas cpuizmad amd 0 Gil8l BMP-2 I iy o,
2 oogde &S o las wad ok byls o olivlgene b Gl
oSy 4 B psliwgens « Sawdbgnal glo, Sl plo Gl
sl JUbgil sladsbo 2135500 Gl D! alps <Ll
(+A)

iy gaasS Cloil 3 Fhe (25 JUSw sy JsSge (3L
gyl wxd oy dlge Sl pe sl Gl ClidS g9d9e join
5 485 518 (wyn 3y90 (MIV) D3 (peling o(WY) alygld e
s ol Jobu 590l g2zl poled cod o ial33l ) bl Ulgs
ol 085 4138 S5 g0l

S84 lgie ) o (2 S sl sSse (IS 5k
Wle 5 s JS 4 by S8 slagion sl 1 gy
b iy 5l ookl gl Cowd 4y g3 (slaod gl b aiy (claygiSTs
OBb e2ly ol Vb aze wile (el Gille cpaiz bl o9
S ygiSl gyl I AFMNY) Canl olpor ol5)5087 ¢ dinge cilale
it 15 g 0 laygSB (sl (erlie (3Rl 15 0193 a5 5 0,
Sy 45 eyt 4l gl (BOM) Jsbo g5 oo b 5
il Sodgsal ples colan

(PRE) <83 31 2 (b 5 (PRP) 3§l i cslowdly
Ngde ablid (A 0p5laiS pgd 5 Jgl Jus plgie 4 i 4
2 03y yokar Jus 93y X9 lyzital Jlow (93 5l Wl e oS
5 S gt | Joslote dgng g o odlitwl (bl (S0l
1 opé 3 FGF PDGF VEGF TGF-Bl wile i3, (slagss
Sl coslie 5] 1y O (sloo LS (S (sl g8
Sloaly [i,l58 (W) o)Ked g He a8 o Sojs0al 53l colun

Wlo by glaysh plo b Sjenal oolsy sladshe s
il )3 1) bJsSlse ol ol VEGF JIGF-1 bFGF PDGF
o5 Lo CM@I DPSCs Sgu lesls ol L@J}LA b
Sl obse Culy 53 (Slawd pedS Causyld ol jon & PDGF-BB
WY ol @ gle/dl ans cdl S5 4 e aan VY
036 Casdbigisl &Yy dgee elaie (U SBUI (o> gle Lin
bFGF (o> SiMS (slacuuls ol 51,8 (Ar) wis oad JuSuis
S & oo Sl €520 it 3o 51255 Al 55
2l b S g (Game S8l g rmen g Sl cdl ca bl
5 o o slo gy oy loygiSE ) e (Vo)) A5 s ]y
53 i des ol 3 039 5l 4y & BSP 3 DSP .DMP1
3,8 5 S350 (goliy (sl ol Sizwdigal jules j0 1) 295 lg5
cails (Jlo lae 4 il ol zle/Cdly el wiige )
he Gige o> Qb g9y 2 DMPL (gl> (33 slalie
o lagl plos g SN lie 4 Glje sladge ©pple o
(AF) 15 2le o il g g oMyl ad (sl ok
2o S slaJsSge il S0 31 JsSlgo 12y csloglo
SlodyS g 05,8 B lwil (Sdp 0 bl sl jo &S s
25390 e sl )3 56550 (25 JiSew (sl e yige S5
Sl Olgis 4 Jssag) slag)ls 1) badags oslial cdgpe
Ul (o laie 4wl 03,5 Lo b Jolw )8y cola (oly
sk 3les gldll 13 Y g9 cubd loyd (glys gyl (pdgl ¢y giio
Cunl 0dd (B (5 g p singk > Caodbgnal 03y 4 b
elos Sl g el gl 5o JsSlgainy cspls )-Y)
Cous cdl calujl sl She slagley anwg 4 ol St
).JLo.J » 9)1.5 L)’l );l =33y dl){ (\'\“‘\'\c) ) o))f L;Jl;l.w KoS
oud J S lale) pianw S (V40) o)y Sen g Zhang « S50l
20,5 asalio 5 03,8 (b ol wSgnm al ikl S
b 4 Siendl e GLE il Sy anugy il
ol g3 e300 Gl Gl sla Jgbo Sjenal et g5 BB
2led p ejlel Sy Ll Sl asm waly s 5 ey0 Slalllas il
Wle (6,555 Jelgs b Sy @b 5l Wlgs o DPSCs Ss5qu0

)'.;.3 ﬁu.ul.uuw (S oD w..a:\.f dg)lb (\:;) DB.MJ ).u.n.u BMPs


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

&9y dlis (VE-Y L3100 dlis ¥ 0,93) s (loyd (isligg Slosd g (S pole olKutily (S 510 aleo

gl ol ke @b gy lapginiSt sl 0,8 >
&yt (IYF) di RNA g o35S 505 oS s ed) sloysiSh
DPSCs jl o g5 (slapgissST (WF) o Ke 5 Huang ¢ Jle
Ol b ainyS s 1) So5a00) lod laro by Ay lagses )3 o S
A58 b, |, BMMSCs g DPSCs S50 ples slall ) L]
€5 9 2 bausgs opgigiST jotimsgiil oaimy (Lt ol Cusd 4 s
5 iSg e Lo BCM (glagytig 4 ol Jlail 5 (ool Jolo
WS guiauwl 1> DPSCs (gim das S ¢ pizrad dgu | g5 )5S
S35 o S ol 65V b el lapgigsST 5o
90y )DL sl ]a;l)w 3D ol Fde dlm(:9}9}§| os)f Popy
£939551 3l los (5HS gidunl ol yor 4 DPSCs (5 (49,5 CudlS’ 09,5
ol cyline yolay b wilo b b LSS & e yoge Gy 50
ol 5 VWE ol el 3lo5 Lalys 5 015 1o lapsisss!
oS Sl orizmed il Olidss .5 DSPP g DMPL 5 go8
Lulyd ;> BMMSCs ©pplen 2 1) by jlond 5ide slapgjsss|]
slapgioist a8 Cunl 0l (B)13S e (V) 21> (L5 (5 (2
& &S g jemgkil BMMSCs lawgs 3ilgs o SCAP 3l ons L
b ol Gl (5 e balpd 5 1y adshe cpl 2l (S0 i
b aly olojle ela sk b asile gl cdly LS5 5 ol o, el

(WE) 43 (35 9 bl > cawdligisd]

g
wals dilie (glaghy) g dlge Cumj gyl bl p (98t
ol o ab bl gle/ b cdl wdipe gl (g gCumld
g § (M8 Ao daw (g5 o 1 00latan] 3y90 dlge oy j bl y oyl 5o
S35 G 4o e sl ol 5 g (Sl ol Ao Sl

(Y Jsia) 8551y 2950 parmio cules 5 Llie S 2

el (635 9 Sl (S g)hd g 4 (lind eSS 5
il LS5 ) g 5l i I s linsd pndS Sitn

Dl}o Co ) )ldlo_\o.c 09)§¢3|) LtbuidS J‘“’{LS" dww

bolyd 3 1) Qb sl 555 PRE Jl osd glseinl o)lac oS
S oan eSS sl ey GRS o
PRE olas (sl ams 53 colad] bl o ol (s ko
ol ORI G2k 5l S35l les I35 el g8 o 4 e
2555 35 PRP ) aslizul (V)0) 45 DMP1 o DSPP b
09) 35 Gl 1y b cslo ok Seodlgisl 315 5 5 o
2l g ©yales g 618 15l PRP (mlo PRF b duglio j (Lol
3 PRE 51 dlauslio b3 (115) casls b (sla Jsbo S55559
i) 5 CGF) w3 )56 05lucs’ i ] gt it I (S
sl b by b, Sils ol 45 ob L ouies SCAP
1> cutS &@n ¥ j| Luy {DMP1, DSPP, BSP, ALP) S,js53]
(VW) 390 CGF 0,5 Iyt PRF 09,5 )3 ¢ 25 (90 Ll

sladslge Jold o8 cul gle 1 g9 gl j K (S
CSlosb b eaoys 53 g gud 313 A8l o 48 sl Lilisee (2 JUiKuw
(#+) ol,5e2 g Demarco .(MANA) uiS eS pb zle/ L b
SaoMgial ples colin sl gl b lasipo (sla)giS1h 2929 &9 00
2 Saodigsal b, Sl o5 assl,d 1p; ws,S sleadd |,
294> (o (hge 53 o AL g Jolo (5ol PLLA (slacuu)ls
Sleslazwl b (V+) o) Ken g Galler .94 o5 oylo o165 sl yiys
il md JiSw glasSse a5 sk olis Mo g)iS ol
el JsSJgo 25l 2,15 392 2l aw (55, VEGF 4 TGF-B1
@ oyl 29580 g 0 oS (gl o Ol gle I 2 JUiKuw
Bos ) ke olas cate Sl slahe a5 bna
25 5 gl 035zt (1Y) 1 L5 o oo (Sl
ol Ll 2le o0 b sdxe ey lo ojlas L DPSCs e
Jiarsem 3 gle oad () (Sdne il (6)1 )L o Jl> el L L(VVY)
gy oab CuiS DPSCs ©plee g (g9 JB Sl g (S5
(V) el T 09> 4 J5gsem

sl ol bawgs 0ad b 5 (sla J3Sujg 0 (o @lie p ogMe
Rl cole Gy @R Gl Ge e B eedilie ool
Slodd suie lapsjesS! cpdl s » .l SawMygsol
Sl gl JUb Cannj Jalge plgis 4 ooniilie (o3l sl Jobo
355 4l )l Sleag (Blujl uSiagul > Sjenal jles


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

)en g (55 Lus s

gle/ b (uSlaS b wtine d p3] glacd iy )9y

T/l sl AL owiigee 50 Com 1> s (lgie 4y 2wl 390 390 Comtj 2 (Sy90 =T Jg

oz

Uije

go G 3

B Syol pw ot 5

0o oM 4B oy BF fomb Bpd ceFS cepe
s sl S olss

Y ()5l ) fgle Same B 5 S oloie 4 ] e jeas
LSl gbedl 4 Jlasl ¢ ol ool pas

blawd pudS’
(HA) il ouS g0
(TCP) liud S’ (5.5
(HA/TCP) (5} 93 cliusd S

<09 0SS ol sy o B e e

O g ey sacdl 4 Jlal (et BB L sl o5 2

JBb s sloaind

Egan (5 poddy

395 foml Gl S Cepe fodl (Sl SV g
oo Jlail laolsyle

o & STy ol S By ol e b elde )3 Ay
Loz oy S8 ieadat JB olendsSd sl Sy f2)l
Y (Sl plowl

b il b
(PCL) (095 ¥95¢) ok
(PLA) (S5 )

(PGA) (dl SJIsSI5)

(Aol S oS- 05— SSY) (L
(PLGA)

ok Jlail slaolols 255t p s 059 Cun pie

sl pas fwslio ()83l Cunj 1055 oyl A gp YL ol )3 0dg5
bS50 (Sla S iy ¢ camlio togl (s sy ok (L
M Sl plSomtal Ly gy S5 foalass L5

sk
(PEG) (Jgsul5' o) ok

Onl (Sl Caglio 1y ol ledily a2k

SeVlglmy olss el BoF (Sermgn SUIEl ()lone

(SAPs) |13 (ol

b (5 yodly

s ys ok Jlasl Jolos Jlois! Caons

oush e ol G gl i S gle ol JT 2
ot JsSits (o 3l S (sla oo 5 sl Sl (slaolSl
sy Jlailh @hloss b 5l sam dw

LR
o3

e Jlasl po i ‘@\ sl Jolo 15 YU cudMs €4S dtucnY!
S (NSt byl 0 jlub 5 Sl ebesd
w2 o Jasl Lelgs  Jlazs|

Pl b (950 i  any b 53 391 (pied 3 g vl b
‘Uu)j S dl‘”’J’“’ ) L}?‘L" JL@‘ ol U“":’b ‘alise

Y5

SlSe Cunglin tr e (S pdy o 5T Cuny by Gl
O lessasd pold 2900 1S (ol

O3l 32 youly Cgpan fawlin Hluwy ()5l Conyj (S glgil ool Cuns;
S flas fpmple —Jobs glle JuiSeny ((Sidnid ks
GFs 4y o o glgis &

oM @ 2l Sl wlp pbesd o8y Jlail pg3)
5 ol YL a5y o550 Jlail sla by Il cans
Sl

J5 cSaVlgSung olss Ol 0 cudds (gn 3 anb o
dw Bjb il wiYlgeS Wgn S5 oUles $Shear-thinning
Cato Hb ghb GluS 5 b Soliwly pSUl GiiSan p ¢ ole 04,5

L,k L
Ll SS9 gllin

pof fdghe chamd Jlal o hlsiling )3 (g pdy o )50 Cunj pas
b CdSil (S 5 @y et e Jlail

Ol b Slialg Sl piSen 0] ) cdM £l el pas
el B Caagd 105 5 s 0t Sl bl

uL;)H

g2 phe b Syl (25 ol gl ) s bl
Sb J5 e lesd oo Jlail g 1 Jsl Jlail oS>
o ol osllash Sl b s e £ it

bosd Mol Jd

(o pl CaSd e b (g Shets Culld oS Caows
ol b a1 dte ,b (ol @l 5 b Slialy xSl (S

9 2P Jsw (s)lads falisie plysetnl mlo le CoutS wglas
Guyzs oaiS lal glacdl 4y dgdse wyiod (53,8 il

il ook kslegy, 1wl (il Lol ECM alis oo 5

(ECM) Jsbo s oo

239800 J Sty 58 gl Pl gt 4 iy (olss
ol S (el

g Ady sloyeSlh b oodd a8 (Solgil oole Cuwj EL;)‘L.;abLnT GAPY

o Ul say (005 (oo e 1S Ol Al Al (gl S g

S slao sl



https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

&9y dlis (VE-Y L3100 dlis ¥ 0,93) s (loyd (isligg Slosd g (S pole olKutily (S 510 aleo

Sacdl cuiS p Olind pelS gl S5 Cla b
o ban s wlillas ol ) .cusliS ite pilb ond JuSts
oS lojl slacdl g osile Bl odis o 53 Sgw jlole ¥ 5l us
W3 gyl 5D )3 0uiSTyy 5 iy ) o 4y Oy 4

2 odlatwl gy Slhwd pulS glacanh oM plo
ol Jlsdd (5 pdy L8 5 (SaSs & e il uSing il
elS LS 3 izt 2,5 o] S5t gl 5 LS5 sl
Cunl (Son &Sttt Sfotin] plad ] cuols (glyls Slaud
009380 g8 wiile gle bl sl 4 wSle gzl cdl JSus el
b/ PLLA  3UlIgl  lacaoh & el wSgjun
gldslo & 1, DPSCs pls (PCL) (o55¥s )
Gl )by awdige dwly ol 3. (Ve) 2,8 Colua Casdly gl aui
Sl 5 b Swels cunmj I USiie e (iselS
dag Sly dp0 & (gske (y) Olye @ e |y (ghadl (anb
Ay sl il Sefensl caluil ples by sl
lowd 5 (Sajd (Rl S sl jery (s pdy Slasl e85
Sl S D 5 g bl g Jlab S b oS 5 )3 ]
290 SBum)l> sl (oolel (sl Sy Sl 0 o glacdly 4
5 Tondnevis .8 paly8 1) zle/Cdy cél owiipe (gl oolitl
i)l colazl 0,8 S gy 5l edlael b (VYY) o)
5 il Sl wSg)nm g plogzS PCL I St (2 j00lS
b8 i b s dlool el lwgiS 9 PCL 34 38] wizdly
ol 0 &8l dgape (SOl plSoninl 5 (S5 oled 5 cunlio
Ozl odlatel dxs p Wlgie (g ale Gl (Jle ol L
S Gy )38 8l zle/ b el calujl sy obca)b
oSl (Bl .l (B luil (uS0g8] 3 phe OIS (S gyl
e o)l Sslome 53 o5l age 5 JUBT 3l )3 0uiSTy i
e 56 calofl anl g ool slaJsle Rl sl (See
Cunl (e ()5 (Flied pral GLeS 5 (b iz 3 31K
29 obsS la] G5S loj ST il asd (2 5Slr

Ean sbyeds 4l claca)b
by Glidss g BB e 3 eotae slajed

S Cawl 03,8 b gle/ b el awiipe 3 3,8 (gl Sase
St 8 o1 (5 i a8 a5 535 2l slo Jslo
oS S b o o9 byl Ssgal/ gzand plos 2 (LS i
ON MEPE .DSPP DMP1 (slai; by Lislidl 5 iy (ine
&S Caol oad )15 (Jb pl b (VYY) 29y d98uie BSP g OPN
Sy 1y Gl Gl ey il Sl o) Alisee gl
aw I (WWA) ol,8an g Zheng niad o ol ool gla Jolus
elS (55 ] (Sgyian ol i id dS o5 5
~SaSY) (b b S 5 50 Cuill S g am Sl S pudS 5 Clins
Sy ojeels slacun )b flgie 4 (PLGA) (dpuol SJoSiI5— oS
Iy (elio (5 )loe SEM 3 glias ax 51,055 5" edlas] DPSCs s
2SSy Gl a8 5 8B Lol by (LS Sbje0elS glacils
Gl Cunw; OlS 'y dan g glate Ml DPSCs »led g
Caols (s 15 Sauisy dee |y PLGA 4 i glacu,
PLOA 056 (sl oV gare dhipul jials 4 5 03 (L3
Hid ds S5 5 S5 ol Jls ) b s o S8
RS SS Dgr Abdel (Bl (a0 Sl ) 0ailS e Jale Sy
Sl sl Jgn 50 b penlS (55 i )30
FB0ge Clind oS 65 nl 2 ode 9 () 5le Cann
g ALP clld cppidn 9 390 35l col glp oS5
09)5 ol 33 (5 Qg lalyd )3 (Same slao)S LSS o pod S
N obse 2 (5 09 bulpd 3 )l ul oizren a8 osnlie
28 coles wile gle/y il JuSis
Olad poudlS (51 oS g)hem (Blojly (S5l 5
oolil b calujl sy cals wb olyis & Ygoms (5lbyd
g Mle il JBAl > gyl @jge a4 S ol D9d e
Gy (VESY) oKen 5 Gronthos .cusl 39350 Ssly 5 Jgl)S
P 3l E 09 kulpd )3 8l dawg > DPSCs g5 (o)
2 edls ly Jolbs lsie 4 Oland mudS (551 Cuil] uSgyn
LSy 2 50 Se> DPSCs 5 SCAP .165)S oolaiwl yige Cudy
Sl 25 g0 Olind ralS (g ] (S g )k sla S
4 )51 (W) wass asls’ gle/cdly cdly LSiis (sl (oge Culy jo
£ cting 5 1y sile leldl cdly il s it


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

)en g (55 Lus s

gle/ b (uSlaS b wtine d p3] glacd iy )9y

oyKen g Kuang .asb H35 50 b o)l 5 Slas 055 0 39,500
Jsdsce U1 gl Jsle b b 5,See &S wisls oLis (VFVATA)
P8 sy 9 85 i 1y 0jls 51 4 Jolo &2 kee Wl
S oyh—0) b Jb opl badsy deme |y (5 090 bl )
e 339 o e i s et Cuwlio (e oy 1818 (Lo e
oS (gl g ond gl I g5 M b )] gglaw 45 PLGA
S35 e b dulia 3 (1Y) 5 o3itad Ly (slaJsbo (5
b uwl)s\ el U)Mf [FW C)'Lo‘ alyd 9)&.@ Ol C)Lal
G e il QRIS S Saenal slapy ol s ALP
093 L lgien |y (ol (ouS 9 )hnm0) (e &l)dgS0e
(VF+) o)) Ken 5 Wang oygl coavts (2> JUiSw sloJsSge
L SCAP (gl PLLA Ul cl)dg e jlows 45 165,8° 5)155
bylis 0 ob o) Same 9 So5eual Hled 2 cgs e, BMP-2
SISk el ol b gdoe (5 090 lulyd 3 o2 9 (5 0
S @y (B Cwwd g Glaley el Ay (olaygS s
BMP-2 (¢4ls PLGA &ly39,500 bl cg il 5l 0905 o0 bl Jled
a8 gy 5 2005 dgS PLLA 0ig oo Jsb 3 1,
53,8 sdalie (5 9y bulpd 1y olelyd 153, g zled lesel
4 3 PLGA &l)3g,See > TGF-Bl § FGF-2 53,8 dlgusS
3 ol @2l ) 5 ol (sl oo iS5 G2 & i i
(VFY)
5 a8 Asd eguan dge Canj jl clawd |lbgd clanl
G35 4365 yokay A5 o g 0 S W twlginel 5l 2 bigS g
2 ey psll g pH oy wile (2 )5 slacs e 4 gsly 3 9
sl bl (uSemoanl 3 il ool plite (elo ks lugls
@ olie ol ol 5 & wmage Wl ) Cae iz s
Thw 2 el pdy @bl g eteVlSns snd GP
5 Galler 5,8 o)lil Calisee Jld gladioly (5,5 L JoSJgo
el il siga sl |y sleiab 3 iy (VFY) o) en
8y aely g RGD Joho Jlail ol (g5ls a5 155)8° )b
2 by Syl bS5 3 | ol Gl g 90 MMP-2 o5l

LOFY) wals slas (5 ey balyd o aile b cdl e lujl

AN

Iy dlgo oyl loass eslatwl dlojl (Sbjolas dles I o 2dlujl
e )5 4 oS aujp 5 Yl peglh b S5 elike  plgie
9 Sl plSotinl i 55 Cas o @S Cubll (ogias slajer
oigl Jusl jbs 5l b e 3 g WS mald |y s leg)
cdlojl 5> ond ol glacunls (o3 yinS AUS (o (555>
ko clasl ab p egias dlge Cuw) p e ddy) (ganSS
b oobe ) e L oyl o (gl wSgue-a)
yaskisS (PLA) (sl S5Y) (L PGA (o il S5, 000-01)
Glp o)y el (clodyinS b 4 PCL 5 PLGA o)l
4 SHED cuwlie Jlasl .silosds adliwl gle/dl el wlige
LOIVY) Caol 0as odmliio (5 g balyd D PLA e Cannyld
aS PCL (slabg,e (c5) DPSCs aBislejl cusS «piomon
o 0855 5l PCL it oS 0l L Cowl 39390 (508 & youo &y
Sy dwly yued ;3 (WY) 45 o Slusdy DPSCs 3l 4
LSy o by (WY) (2o & PCL 4l 35 ()50 alo i
gl 5 (WD) sl yold « (W) iS5 gpmd Ao dlgo o s
sl Jiewd 9 )5k Cany GRIB1 Gl (WF) blise
ol 0y i ls S37a0l (eolis sl Jsho (2l (Fare 5 S50
I (S bl i Gy S (FY) o, Ken g Huang
b b x5S ety S oS lalad 4y 5 aidlw PLG ko
cuils” 4 )81 e I8 S-Y mm Job & ady, JU 1 oo iy
2ol LS5 4 prio Jobo §f ghos flaisls (5 550
slyize bl 5 PLG canyls ol co5s g5 Ll s wils
sl Bl edd caluil bl a1y sloniSTy (claoyis wadicds
b b Wl o Jos 50 didbo i (sl jl ool ¢ yzmon
San 5 Zh Laugs o jslailan 3l olyen CISEs I aws
cdy) JUB glad JelS' ais 2 ogMe sl 0ad (3135 (VV4)
O )13 s 3 Joho (gl bl o (slacun)ls (5lo 03,428
4 0gd Gl Qb caloil o cuwss cel By o JU 30
(bl (S gydenm) sy 2 (se ()3 Sacamn)d (> (e
ol 0 Sy adlo i (gl wlio (13l laie &
SRR G P sbowgh l emly gg dgSee

SO g Soleme 1y dise) cpl D s (bl Sy un-a)


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

Sy Al

(VE-Y L3100 dlis ¥ 0,93) s (loyd (isligg Slosd g (S pole olKutily (S 510 aleo

cul zle ECM Lol JI (S5 (3N 03le0,S 55 pe3 (popusd 5
Coyac .(\YA) a8’ o Wl zle o5 Saxe 0 (gadS” Lids o (VYY)
L oSThie Jigen S el sl T g oIS ) (1FR) ol e 5
S5 ik 03538 oo J gl ey ECM o Ly JSo
23,8 oyl55 byl 63,8 eolizl SHED L oas odly S o3
pled ke (0 1) SHED gl juled il & (gwnyld (poi> oS
Sty 35 I Szl > Gl e ) 4L camo e 5
Gl sy ( Jolo Jlasl ol g0 Ly Ly 5SS o
Slon el 15 o iy oo VL 5 s 5 33 Y
(V0 NV (W ol S g pautr—01) (b Ao Blge Camms  ysls g )5S
S 3l a1y 3N (5 50 (VOV) Y5 5 (VOF) GlugieS
S sl old ol zle/ Qb cdl wdipe gl (Jbb G g
4 50 PLGA 4 e scan)b b (5 o9 byl s > DPSCs
S Jb 3 (10) 48 )l Spglxe 3 oy 4 b Jole Sy
Vb S5 85 g Y e b oles > ol ok
0ald kS Wiy lays p3 olois 4 &S sl Jokw iy > caizal
ol 03> gy slSaly > b (gla Jolu CuiS (prizan LA
«S5900 ples (sl Sl & oy L logiS g Y5 o iMST L
NS g9y ond cuiS gl Jsbe 3 yiiy DMPI 5 DSPP i
A5 odalie 35 BCM (aljgdne oyt & (o> eipd o ol
Slogael 5 IS (Seiglnid Jisrken )b loie 4 (10V)
(VoY) olyen 5 Pan ¢ Jlio (lais 4 a3,y 43 90 (S5NS
255 WY (5 093 ey p sl SCF je8l (ggl> ()3 sl 5l
ol ge cuty > gleledly il CSlusl 5 olipe (sla sk
slaclle | eolawl L (VOF) ,en 5 Pankajakshan .15 ,8
DPSCs (gl dlguaS (gly cglite oo b aSiid g3 ()5S glii
lod e B b Jigpn a5 13,8 samlie bl 50,8 ans
sk o b J5ey0un oS Jls j0 S o Wl DPSCs  JLLsgul
Ol druogs a8 W00l slpidin Caa (i ed o Sienal pled cely
52l olg Sygloe 0 S &b o )3 & GligS 4 s
clujl 4 e Cul §See 3,5 )13 Aoy JUB 3950 53 (5503
S8 Jb opl b dgad de3 a3 LsallS sla cusBgo (o zle 9 L

oAbl cpl pogMe Al 1Sl (Al Slg oo satuns (i (b

WY

Slgize .ol RADATL6-1 | (PuraMatrix) s plolye (g,b0
ol 3 a8 Ve nm dgas (i b ] BUIgL g s yslelygr O sV
S5 S o 8B 1y 5 50 bl pllan gt e ECM
Shos ool sl Jolo S3a00l polad 1 a5l gy oS ol 0l
(VFOAYE) (5 09y Lulyd )3 w2 9 (WF) (5 g lalpd )3 o2
2 Syl plyis @ Jjopde cnl Ol owop sl S (oo Sty
b ciloil gly oll Gl sleady, b LS > SHED
Y 59y 0 el <l Glallas 65,8 oolaiwl yoge Cudy o >
u.:l) L_?) LAJlJ 44.\.: dlb;.,db JA&AMJ LSI)’ ‘) D)L» L}JI OO wL.o
Db ol adyy JUS Job ples 0 was zle Wlgr Ul b odds
Sgr oa 4nsliS b JUIS slesl 93 ya cdalllae cpl o (Jbs ol b
s9a00 JISoT 4nb 4 S Bgye 4 (o> & (b Ll L oS
skl (V¥F) o,San o Dissanayaka .l (gl alols wod oo
oS 5 3 oolatwl a8 Wals (5155 9 00,8 1y adyy sla s p AU
ISz a4y oo Wilg oo JWgsl (sla Jgls g DPSCs Ly (s yilel 5
Cudlogis) it (sla o | slarY ohan & ke glefdly il
So 25 4 B G ek 4 Joho g e lelygy (Jb nl b 29
e g wlw)b .\ul)s dl)% ul’)~° L;JL» dlmJ9lw L_J)>LQ(°
P8l dlor I 1503 Cudgazme ptin b ogd claliy 5l ol
oz (Al LB Bl S (g pd mulal pie cans (Sl

ol ol pods Ags ol (2030 4

b ey b glacanb

Olie 4 &S Aitud dlgs a3l slodes 05,5 xubo (sl ypauly
0,8 wlis wiloads ealatwl ddy )y (wawasd calwil ;5 Cuyly 4l
o2l BB gy Hlas 5 olge opl 45 350 0 el (e il )
dlgo Canyy S wl8 1) gty e plo — ol (iiSany g ALl
0955 oz 4 ole o 1y Zle/ b il awdins ) o odlatwl aub
Sloo,ilusS 5 oas olb5 Jolw ECM oy Sl L da Sy
)5 (o5 (S

OV M (a0 9 5 £95 A (59) 2 yud Glire gle/ L


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

)en g (55 Lus s

gle/ b (uSlaS b wtine d p3] glacd iy )9y

2 os> &5d boolyen Johw (gols oY) gl ealatwl Ll
5l J&J O Ay g Ay My i Sao JLL 3 sl oo
>l oglgd sl 3 e zle g 9 il Gy b LS 5 )b
zle/ b cdl caluil sy 1y (Y5 (98 cunlio Zadg 4y &S A
yosk s SO Y5 IS L anslie y3 (VFY) sbe olas
Jisl y 2l el s ol cudpusly LS lo o conl O 3 Jglona
o 2ol s slod 5 ol 395 U5 el 200 o 51 55t
Sty (S3ede b blyd 5 Hlub slaJ3g,0m g (sl 5V
2 osdbSte (iSly Gkl oY) el WS p il
3 Slin 5V el 038 U 355 &1y (63b5 eg 3) ln JLo
59 8 sl B e o o3l o K (GeIMA)
2 ol esile 0,8 s GelMA J5g00 Jsho (555l .ol
Wilo cuoMgial la ol (13,8 dguS b gle/Qdly cdl (pwdige
5 gy bl e 0x; (6YL o yd 09l Cowd 4 g ] 993
GelMA 55,4 51 (V) o ,Ken g Khayat .(VFY) s ool i
5 13,8 odlitwl JWgul sla Joho 5 DPSCs 3,8 douuS (oly
Ll 5 mm Jgb b ady, slagdy 5 aile (el calg,
Sbldbo el LB (olgd pogdle 35 ()15 ] (5 09950
oid S 5 Gilses clacgylans b ol o 1, GelMA  iteo
O Cuws 59,8 sblie I (VP0) o)Kea 4 Yang cole
5 43,5 ool (gdie dlga 5 (FeST @y JUl ale b J55,00
95t syt i3l |y DPSCs | slos GeIMA (sla J39,Ss0
S5 g Gl ok (Jlasl 5l olaJ5e e iz oS B ol (B
GelMA 59,00 b duslis j3 ¢ puisron 2GS 0 Jluiy DPSCs
Bl (it 3 055 G g Sue cilitio Jobo o515 L
Pl 39ye L o> €l yimy o oSS el (5 990 byl 5 oS
oy ol o515 e S e JB 2y Jb gl b
e 8l S5 (Sl Wlgi e a5 IS e 3930 ) (gl s
LS g pS gl oy la JUK Jgbo puol s
o951 Bayb 3l a5 cund plaiST (BU g S b
Collan JiiSed ¢yl iz yorly Cgres 395 g0 SIS ()5 e 2
odd S Sioley o Jladl sl (B 6 g5k g e ile =gk

ol Cons) K &1 ) e (VEF-VFA) 03y (olayeS ) sl

WY

Pt Gl o ol catS’ by Llsgs (3 gla S5 0m
g ol b U cusl o (5 o) oyl )0 sl CBl wdige
Moo 2 09 398 (5pS ol (GINS o)l LI I obond
o (Sl ol M asd g I S
A illolow A5le alisee Jolgs 0S5 amd ]38l 1 1) il
(VOA) &Y 5SS ol s (VOV) 555 ol (V0F) cpsmis <(V00)
(Crosslink) .5, Jlasl og, b (S5 sla J59,0 <ol glys
2 Slodds eolatwl gle/Cdly cdl awiige > 2,8 gy olosd
2 e jolay ol gy s 5l eolaiwl &5 MG sdalie ©)lge den
Gl Bk Sl Gy el Sjgnal Bl g eSS ¢ Jladl
D38 o 5 prdans B g (Sl plSocial

gl 2les g 5855 5l Coles 9 YL (55l Conj S
s 4 SN slacunly oS sl odds 4135« S5al (ol
20005 ) Wedb o5 o JBb i glacsl S el
S 5 Gk il plgee 1) SINS by b il
(Vo) ) Ken o Prescott .aly (ioliél (20 JiSew slo JsSJgo
s SO L Yo mm cwbs 4 gl sl by b daese
5l om 83,5 5 DPSCs g DMPL 00/b 15 55 34250 (35S
L ol O3NS Com)l oy S JUIS 53 (o5 (900 cuiS
Jolw (oliss g 50,8 JoudS (g0lasd s 55 Lgas DPSCs
e Glidle & DMPL (pg58l blae jo .ad sdalie jbdiws
oAl 5 S5 Sy S5 4 pmie 5 5,5 eylia |, DPSCs
oyl &S Ad Cuwdligyud 5 JLbsdl sla Jobo laws Sis
bl il 56 (YY) o )Ken 5 Zhang g il caloil by
ol Gl 3wl ECM slagyigy & pgjoss] Jlal
Slgice 3N 4 lapgig ST Jlasl .52)8 oslitl (jHS (Jlab o
b gl sl 5 J5 51 sy atugn shley 4 e
sl sl 9 Jobe ol> 03NS 5 (5 (93 CuiS 398 b Jole
FSE5 o G ady) (o JAe o 3 Jate pgjeiST il
O C8k o Lol yen aiile Jb 0 ol cuas 5 2l S, <8l
A5 ] gbre cawMgial 4 sla Jolo b aile zle

AR LN 4l (63,8des 5 (JSUge canled L (Y5


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

Sy Al

(VE-Y L3100 dlis ¥ 0,93) s (loyd (isligg Slosd g (S pole olKutily (S 510 aleo

P Sl g @ Solite (B b (g b ~PEG o590
2 b lis DPSCs (spled oy g (3Ll couy p 1y gy
BV Jsba 025 1 3,5 &y DPSCs s cslo i ed
DSPP alox I Ssenl s, Slis 51 5p5YL zolaw ¢ Lubo
ey cbJien a8 ol |, OCN 4 DMP1
osv s Les o3 0 SYL gle bl (S0 JSO lasle
bly oy (Sdee dgSzun

Gosb il &S did b (ol yodds (6,500 dtwd oy Sl L
) isdie SIS s slongg b o Slogige JLa
G b (gladlis g Jas atwd 90 & oy ) Sl (b ¢(g sl o5
sl )8l (L Sl g logis wuwl Kog,slka .(VYO) Kgud oo
i ) Sy b laie a4 el oS itun (gloads anlis las
g o oalaiwl CLC/A.AJL el

Oy Ollllas o nwniw YIS o YU (65 5ke G oM
e a9 s LU dmwgd 4 ol S5g590lid a8 sl 00l L
Glosle 1) dwl Sogyellin oles s (WWE) A8 o S8
S50l ks 1wl g gl a8 Wilosly lis 5 g llllas
oa)f u.»w SCAP 9DPSCS dlos> )‘l L;o...m.ul).o ol L;LQJ9L»
WS o pald sl ) Jame culled gl |y b b g
ilisee glacdale b b sl Jobo jlows (Jle olaie 4 .(YYY=1VA)
ALP el (aoljil o poxie Y (JoSUge (g b el K950l
Caly g Ghae slao)S Cgwy 9 gl B alasle
530555 5 a5 CD44 05,5 il yd ol )3 . (WY) b cdale o
Syalee dle Jolow calisee gladySlas 10 5 ol Jobo paw
Sl LW 31 Byl A8 o0 €818 e g (Sts (Jolo
D)5 o gl @) (Saxe 2 Sl

ool L5~\f.‘“’| &9)9”.& dlmu.;w.q)la il dl)’. o3l ol) <S5
Jlail b sl S50, b auslie )0 ol ccuwl S (odye Jlasl
el 5l 386 g Ngm i sl isrien (bt (0550
& el Sigpgllen )b Jigre S il (W) ohlSes 9 Zhu

V¥

(bl (uSoognl 5 S o b Blejl (Sah 0 cwlo
el 2le b 8l S5 Gl (gl 5 ole s S5 oy
5 b calisee dlge Cunw g cawslio (VPR) o, SKen 4 Galler
Ol Gy 8l waipe sl Can)h Al plye a4 ]y egian
onzan 5 Ll by €55 99 IMS o ol 53,8 sy
(PEG) (Poly (ethylene glycol)) (JsSulS L31) b 51 S aw
» DPSCs b o5 a8 oy (45155 5 03,8 edlasiwl oss Mo
sgbar Onpmd JJ 03 oy & ek ook p (e lacin)l
sl (ogian Sbyedd p (e Sacun)ls jl dn (e s JB
O 3 &S ol s 5 (S5 90 sla gyl olie gl caeld]
315 & b Jobo st SUlal by b sile L 2l
WSIb 3 b CBlojl (b 09,5 )lge Judn 3 (2o gy
O A 55 PEG 03,8 5 dipuils oS tien cly o Lt
odlo Cunssj oy yicunlio Bilgi oy b &S D o lis Slialie
51 eolawl b asle Qb cdl calujl 5 Soje00 ples W 6l
o) » F oo Slllas il Jobe p e 2y,
35 Joke S AV gl Sgy 5l edlaiwl b (o b (glacu,ld
12b I Gl il iz ) iy 1) 03l G o) Ul
P oped Jiboad p Amm gla U cusls (YA VY- ) WS
silei g U Sl b 0y s Lbgo demes lesiil (oY
b il Gl 8l S o 4 (ljee 2l o3k sla ol
gy Sl (Son (3 3d @y S0 059 S 2929 (0l L (V)
ol glaoly 51 (S L(WY) S sgame (4 y30lsS loj & 1y il
3iilo dlge s ol b o S 5 e SB35 e s
A5lg5 o 45 ol (WY) Lo ginan (sl youds b (WVY) oSl s s
g Galler ¢ Jlo ylgic &y .aiisy dau 35 1) o5l (Sl plouiul
Oisird 025 P PEG &b jl iy o3le S (W) 1S
S scdl calujl sl can s plsis 4 oy ped 5 s b
SHED 4 DPSCs dalos jl S5e00) (ool slv Jobo 51 odlail b
035 (2l S p i Niren C8L Mg jl g Culy (crlio ()8l Cany
(W) o )Ke g Lu a,8 sluiiy (55 49,0 baslyii ;3 SHED lawsgs
L Jispep 4 b x5)S 2ol aly ST e-PEG L 1y jstymd 35

5 092 2l Al Cuwd wilal LB e 5 (g)98 w0y Jla]


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

)en g (55 Lus s

gle/ b (uSlaS b wtine d p3] glacd iy )9y

ssMs (VAY) 3l 2133l oa |, DPSCs Luwgs DSPP 5 ON (cla
sl o 35 luogisS AT JeuS 9)0m 5 (el (slog)S ¢ S gy
Jb ol s olewd gk 51 gled S calbs )l
8 Jolw Jlail casld ok 4 SlwsiS sbacuw )l
3ol o ol g ol S8, 90 (slaol, 1 (S
Sl il Sos clapsSyn b buly cws )b
s RDG (VA0) |,Ken 5 Sana dayly pl 5 .l Jlad connn
DPSCs )by b 00)S Couts  JlwsinS Cum)ls o p 1y 359 yad
.L‘s.))f u»)l)f LQUT S wl.&.&b 9 J)u.{ ]) GL»A K9y ¥ ol CuiS
b plwenS Cun)ly maw (55 69y ©yae 4 DPSCs o
el GlgnS maw (69) ROD Couti \Xgd 08 piSS g 2l oo
(Blao 5 i bl (69,5 JSb wlo Lol 15 DPSCs Juasl ol 31
gaw 59y 2 DPSCs (5yn8 5 Jlail & ot (iS5 0d JUail
Bl Colua jolate @y ¢ Jlowl b i wile o)l IS5 4y g Cannnryld
D9 e Gl (25 JiSew sl JgSge daJobe cnl Sijsl
shp GlugiS b S 5 )3 Wlg5 0 55 ECM JUub s (slacig
S Jle lais 4 Bad oolitul (DjselS slacumb S
55 oS 05 nedly sl (g5l plagtS— oI Cannl
(VAF) wis aislo DPSCs 55903l aled a3Cps> (gl BMP-7
5 6Bl o) &S ol Ggul a8l b S oyl
il wdige 3 o) dan 03lo Canj o 4 |y o] b S ggew
Cudgdzne (ke e Jolw Juasl (b opl bl 03,8 s
) Ka g Bhoj .ol diuy panass célujl 1358 (ol p el
FGF-2 VEGF (g5l> g RGD (¢lyls o3l J39,0 < (VAY)
~Cawj &S At le W pbeS JSS 4 JLBgul sl Jsw § DPSCs
AF ey o Ll cah aBilsl cus o, ¥ 35 )55k
5 <S55l ials o] iS5 g Wl (claded g 4 b ok
oY Olllwsl ¢ s RGD aloil 5l esliwl b ol Ko
4xwgd VEGFE § DPSCs (13,5 dguS’ (sl oy slo 59,54
ol J3yb sl U L estae o) SB K cdgnY L(VAA) Lal
5 SagS gy wle LS 5 5 ()l b S5l 0 pB 1) o &
30938 (WAR) wsly awsly Soliwly Sl JiiSamyy Ay (sl ygiSl
b VEGF jluol alsy el s & aladjSue iz 4 ComY

VO

Sl olo ¥ iin)S ool S'ed los o b calsil 4 S
Job plo o il by cdl calofl (Jobo ol s G5
Oporen 9 (3 0uS 5 (2o b S olyen 4y JUI
Jb ol b s saaline gle oyled dlael j3 wiile zle bl iguw,
JSis5 a4 e sl g polbn sl a4 (SIS Cannyls 5l eliul
dd dlgie o8 00 SpSer cdl calujl 5 e (2l
Cauyld 0l Sy 5 SiSUseS sla Sho (VAY) o)) Kes 5 Silva
plocl X33)S" (ypr (S Sl b a5 53 ) el Siglln
oS o9 aidly ial33l Jol slayohgil (13938] o5kl ojle (Sl
bulyd 53 1) 0 dgunS” b sla sl (Spilie cllid 5 (Slo 03
255 g Jlail dgug el PL jpis Ll e ials (5 (9
Olge 4 5 Aol Syl (609 Jig e LPL S 505 bn Jobo
A Sl glel by Bl putine lp 0sill JUd Conyj Con)ld
b Gladsbs meadS Cgu) g ALP cllsd iS5 Cs s oS |2
VAY) aly o l38l
0l 9 Sl G ()l Canj o Slsh8 U plugis
cSloly 08 sl Atz Glall S a SB (29)S0ens

S (VAY) ohKer 5 Ducret cusl odds b ddyy (e

Sl (poige ) ool (gl |y cyed —OlognS R Jjare
85 S oyl ade |y ol canlio LSk s 515 a8 ok L
@l sbdole LGBl b e 0 (SE
Cldo e Jl ool bS58 Gl Qb aleg el ol
ol 2l oI oMo 5 (15 ol o Jsloxe 5 (logtsS auns
Ol (udgdome (i @) (Sl S (0 394500 b pwdine 3,
5 S (woye Jlail jlolinal L) plogiS’ (e (slaci)ls
St b a8l S plogtS’ o bl Sl i ls olend
oo Jsto (S wile ite Hb b lge gy bl
10l g Sy dpel Sigpgllen 5 Sl (lindg 5P
0ol il Gl eyl Calw > gy cmin jl eolaiel b il
@ cle pdy el (ol b alaojls 9 35 0500 32 93 2 gllae
Iy logtsS @ Pole e (S90S (9381 Sl (lgie
Ole 4l edsu g 1) ol (Jsho (6) 5l LS & (Gg Conn)l>


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

Sy Al

(VE-Y L3100 dlis ¥ 0,93) s (loyd (isligg Slosd g (S pole olKutily (S 510 aleo

Ol L ECM jloads e Canyly (0l j)8 poomen (8038 o
2l 9 ©p2lee Gl oS 3 )3 i I Lol jon S
5 CD31 oS ol sile bl colugly 5 hise cslo sk
L cdlSe; o o plo 3l oslatwl ¢ Jbxul b .(VAY) A5 yoxie DSP
L (V4%) oher g Song «gy cpl jl sl olyar o5 oyl Hlas
Jobo coad 00t slalaid (sl )3 1) sl s b s
5 s bulyd 3 SCAP 3l g iS5 5l o iy 5 03,5 (2155
Ll s,

502 5 o1 (2155 Jgho BCM Jf o0 35e c5lo Jjg e
B lojl uSag bl glad )l 3 wilgs o a8 Mt Wyl
b Jsw (Sed b ECM &S cusl oaid ()55 .0 oolitu!
(Sl e S5 i L 13 JaSa g 4 5 i 3] g 025
(A7) W o cagis |) ol (S2lee ol g 03 Galial ) b
iz B,k ) (Jigse Caw s S (VAY) o, 8an 5 Paduano
Sl o (ol plozel jload suie ECM o35 Jsho 5 (2
85 ond b skw b .azdls DPSCs Sjaual jled S5 00
Gkl e canl cls (el man e 5
sdleoml (3,8 Szs 9 YVOC (lod 3 ol arb i Jglome (sl Jj
Sacun s &S cul oas 5158 Lol (VAY) cd )5 )18 eolatsl 590
CuiS bazmo 3 1y it cuslio QI 8Ll (sl Jol> ol
2ye Jlal (o iz ) L9 o 425 () 4 g 0390 Joloee
b ddo Ky o (o bonds

ol (2155 Jolw ECM jl odlawl c0aiiSlgiel gl oyl (OS5
Jobo 213 )3 & (coqe 9590 D) olpon ]y layille oo
i (135 Jsbo Jollgtass A5 3565 )5 425 3390 1L b
b Jobo slip! Bl oyt 4 oo Bl cawlie gy Sl
wdd 255 Jolw ECM (500 JSCiie 209 a8 amb jlidlu Laas
ooy S pleie a4 el ladl Qb bl @ dgdote ow yiwd
O 5 DPSCs lawgi oiid zuisyd ECM (VAA) )8 g Zhang
53,5 by Jgho 1y il SappgSal ] jpuin )3 (sdmags oS
4 e Job &b 55y p DPSCs saome cutS gl (o
5 ok ol Lis b (5 g Ll 5o ool 5 il
A (G5 09y baalpd 5> 4l lejle ECM L aiile b by fsSiis

V&

baye sl j Ol g Seide deute |y (Sl olgs 4 ad 9, YA
Sl oizmen S W) (5 g balpd 3 1) Sjenal ples L
3 MM Job b gy JUS 5 005 (32,5 snibo e cslaJip Sen
8 el 1 i g 5 ale L il S5 o ke e
Slllae b mas <l s dbol el b 59,500 dtual
Gl il p e clacu,ls jl oolatul Kol oaims (Lis 34290
Sl e olas)lS sl (Jls ol bl sy Lb csblojl
5 Cawl 29450 (il6 S o3kl 5y3)8" pl (gl Camyly 4l lais
cdlojl )3 ole Can cnl Ol Uil lp i s

ol obj Jskw ECM
Sl le Slaidy pogdle &8 Cul €l Jolw e 3> ECM
D Sl a5 (i o ol b Jslo (ol
SR (M) WS Wl Jslo Jl8) mula Sl
gl b gie plyis 4 lo3yiS job 4 BCM ¢ S lujly
Sl Jigraen b oad (o) Joho 4l JSB &) () (slocann)d
Lo cdl calogl colia g il ol gk 5l i Al
Wlgs oo 16 L ECM o g (glacoms )l 13948 oo 03aun]
S S L ail g/l cdl calujl lp lawe 45
il ol > i o sSge s syl 11y Jly s
a9 Sl ((Boye aSid g b Sl gisljoSS Sy
ol Sob iz by (ol Job [(VAV) 45 oo (s3lo 408 ECM
VWF 4 DMP1 DSP I g55 3N aisle ECM (gl yufsg g 45 3l
a8 Cal 0dds (9,158 ¢ pizred L(VAY) Wlods Lads 5155 Jobw 3| o
5555 soliz slo ok a5 5o 325 215 Jsbo b ECM
2l Ll col colul g S50l (glaody Cuoms 4 1) olad
(V30) ohlSen g Hu couws s opds J(VAF) a8 Wl 5 9,0 baylyis
a olos ady,y 5l ol by o 1) Ses s ead oy Jekw b
ooy 3l S ol (69, 1, DPSCs g odls )3 Y mm cuwlbes
ALl (yige ;0 (gl 5 Nam olo ¥ il o ladiges awlid by
Gladohs | slaY 5 e 8l gy b asle b cdl

Ol DSPP zle o)ley (S5 50 a8 ol )l 1) cuwdligial a4


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

)en g (55 Lus s

gle/ b (uSlaS b wtine d p3] glacd iy )9y

o358 5 &4 o Cuul Iy loeilas | Jg) Jus PR
ol g gl Sleyd sl pylS 3 caluil b preyd 20 slp
5 305 sl 599381 3o 5 clg s PRP 5 39 o ki
» PRP gl obj)l sl ccile ords glyscwl PRP & (yo0gy
Jae o 1y tlefl phlSen g 95 cale Gl il el
DPSCs (y50/L PRP ] ;5 48 05,5 b K ojlad )d mdge
005 S5 gl adyy oly g o5 S Jl slaglis > Syl
Srree sl ogy 5l edel Cowts ol by ol g Lol 1,3 dg)
oS b ol eld cdl 5 Sieladly sl 0,8 dwlie
2 e G55 Jsb l slao PRP L i 50 Sl
Slazel pd wds il (g3 aisd 69,5 ) LS od dlo) cdl cilujl
PRP sloos,S 5 &5 o 3 s s ad sl U8 plas s
2 oge x5xle (Bl e Bl (yeh LU I (B ok (ig/L
Al b Sloslyy bly as cdl @le/ddy el b o ol
LSS ale oyled oliel jd wile lew il g Slosel
7 (M) Al eS b aleyd Jhge slaglin 3 5 (V+4) oad Wl
ool aliscdl ol ShgaS as s lacdl JSis 4 e
2 daaMe BB Coje 2929 pie p oMo gy lef/ UL I oglite
i el 05dll Jlas L PRP I eoliiwl ple/cdl cdl calsjl
cg il 31YVY) ol ol pad Cpanng i g dlansl s edlo ) eolawl Juuy
o5 3390 CGF 5 PRF (g (353 sloo slis (sloJus 50
Llazs 51,8
s &Sl (M sloo iluiS 3l oas Mol Jus S PRF
S JoSi5 g (b 45 Al8 g and (95 Soad il aloye SU L
dgdige Jub B gk olerd (603 4 5l gt ol e
5 ©ke iS5 p (kg JB U PRP L aslie )3 (iomen
Ol (5 g Slallae (MF) 2 b (slashe S5900] 5l
SeodMygial plad 9 ;25 5 (S0 S5 PRE glie oS wilosls
Olxto Glalad oSy cpuizmen (YY) 35l oas cuss DPSCs
4 e PRF (sl Jgi] 5 Gilio claclalé | s DPSCs ok
anly sy 4 S sl o ol 5 b 55 5
i loil 4 B glojlw i (VIV) 0 culS oy g PRF clale 4

WV

b1y lognST o30S canyly 6 (VAAY - +) o, 8an 5 Ravindran
b gECM b wisly S (g 5led laes )0 dian ¥ <ie 4y DPSCs
G Jols Cunyly &S Wi odalie b Jolw 3l e
5| s cosl DMP1 5 DPP DSP isle el ogasoo (sl s
gl el ol slv Jolw g DPSCs o5 (Sdme 5 S5a00l oles
S o0 (Slsidy (5 0950 9 (5 Gg bl pb 53 (Mol by jless
Cagyls S (V4)) o) o Huang lie (abgy 5l edlasl b
ECM & 5 b (ogases ECM K jl JSiie 6540 ECM
o Al aub cib ECM i (g5l and olp JUW5ul
DMP1 wile Ss5980 3les sl 5l 390 ooy iy
Sy sy il yse S uSan wiomen s BMP-2 4 DSP DPP
cely & el g9 Camyly 0 BFGF 4 VEGF wWF wile L5
5 S5 5 65 g bl > DPSCs Sjaial las 5 55 1)
5 oban)d s cole (glads dol i (5 ey uld )
ol 3 1y eyl 55l 38 ol sl i Comlo iman
0l 2135 Jsko CIL ECM b duglis )3 ¢yl 5 09Me .S 0 Dgacmo
<l obojle iz > s9lid 5 G Bgpe e o)l

(VAA) 294 sod

SN gl il
ool JSiite Solgil dlge I glats (S slao pilus
A A5y gloygiS g (a8 sl S g I (glas gamo g (o
ookl (bl uSiagul o3rer (S350 )3 03,5uS yobo 4 4S
it S glaoyiluiS 5l Juws aw CGF g PRF PRP .55 0
Cog olon g 5l s Hgde gl LS 93 5l &S
9 05 A ccalie SluniS Cuols (BN ()lores )y «csjlo o3l
PDGF VEGF TGF-B1 15le o Jiaus csloJgSIge 3292 |
cilojl 3wl (9dlge Cumj @ |y (S (oo yiluis’ FGF
08Ul 035 s Sjgnal ples culin (gl ady) (paass
Sl ogd 4 Lolyen b 2l @ dlge Cannj ol ) e vz
@y WlosS odlil Zleldl cluil aulp b mlbs dea
oSeidgul 3 SN laoyiluds Gl 308 @l ooy

VoY= eF) Bgb o0 00 gl ) Koo wlie 4y HBales (3Ll


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

Sy Al

(VE-Y L3100 dlis ¥ 0,93) s (loyd (isligg Slosd g (S pole olKutily (S 510 aleo

Lo sk yiudr (5508 & jomie b 4 (SS9 y0d (9938 (ioen
o [y oy Slocajouds Jan] Sl 5 o

» o3l 3y90 SLS 5 Spge e york —yerk 5 Seolp Cons
103, 428 ol o — (b youh (0 joualS (Slacunn)ls
Sine 36 g (M) T 56 5l baee ey 4 o8 a8 alis ) gle
o glay] g aSs = Jole caslie uiSeny 1) L Lblends JuSiis
J 53 8 )F a5 3 0jle 56 pliee 1y oINS (2l e
2los Gl gly axe baiiS Cuds 518 laie 4y Kol jaw Cuan j A
JUb g s SUIGE e (95" bglsee (3,1 51 S 0 (Stise
(112) 3 a3l pliasds (o3 Jlasil o Sl 29 035" Jgloxe
Jbd G diind 2939 a5 0b L Jolw Glalllas 1 ol gobs
S35l G0 ol 5 (Sine sloeyS g ey gl sl 0155
Wle oSl o a3 slael plu 1 eolawl Laas o Giul5l
56 lgis 4 (M) Sl S gy0m g (VY=VYY) Slisagll s’
Oy Cusd A e 350 bjeelS  glacan)b d Suaee
45 ol (g0lg0 s 51,500 (S lusgnS b 03l S5l gl
s CSlojly gl (Rjgels Glacan s o JI 56 g ¢
ujesels gyl Jhe  gly il oad eolatal
2 4g 5> (Sacdl, iz (sl Sl o g gl logiS
Joosd Grde (gyp exmd uSly lajedy wl  exigd
3 sy Jigphen ladle (3N g logtS (lajeddy o
O3 2 e S 9> Jisrwe 3 PRE ojlac plisl )b
ey ool elojls & 0wl M Skie iS5 @ Sk
e 53 sy B3 i el dly By i 3 2,25
3 Ol Sl Jlb G Jolye aley eyl 5 o
I Lmui Ole5 5 03latwl PRF ojlac il lais a4y ¢ 09)Sho b
oSidgsil agleyy @l dgme 5 2bySL cogie S8

Ll 95 99 5l gyl asldl )3 .5,8 o 030 ) Sl pples colun

YA

5 90 bl b 3 wle gle il g 0 pid Hlid b b asle b il
3l g 5out sl als 1o G b 55 CGF (gas 4w 5 PRF ailiio g
53 ol g 0 LS5 (gl s olaylisl S gile Jlb )b
Cl g ity (5Y sz il Lyl Jo & CGF PRF L auylic
L (VWY canl gy iy gloysS (gals g 5l (g 5o
Sl spleds cutSlolaw s ady)y e caloil ;5 gy oyl
byl Jbé Gy Cam)hy K lgie 4 1) CGF 5 Slos wllllas
Lie Ko 8 wlbad 5l (YVY) o) Ken o Jin (Jlo (lais 4y .8ilod,S
Coun ) L;’L’))] dl).: LCGF J) u.)).w.‘i L}:)Jo )l ol adlw (CGF
23,8 ool DPSCs oS (gl cann)h lgie 4 o] (6,550
CGF Lie glow 4 095 & DPSCs oS by lis SEM yglas
Com) p Gl & WyS 0 295 & oaidS S 5 0dd Juale
» CGF by )3 piced .l CGF by Cgllas (4,850
FErt (ol g @ 05 bl S e ol wies § VEGF
cdb caloil byl 28 5l sle (SN (clao yslusS gulais
ogMle 2gd o b cwdits 2 (e 513505y B2k il Ele/ AL
Candy Jaamo CutsS @olds S dlge (il 5 eolaiwl gls ol 5

(VVENNVD) ol ol o capabad 395 b calisca 51,31 Lo ool

Rigels glacun)ls
@ &S pbun)h Mg gl 3,80, (oS ladel 1 (S
Sl b cils WS o a5 ) e slacdl (Saon wy
s33xie (G jopels (Slacuanyld Sl (9T Cunl 0glatorin (b jrels
Sgutg ¢ oz Hid b ol o odlatwl gle/ b bl wiige ly
G 3 S oelaid BB (pliond —(Sa3e8 ol 9 ol S
S S Camyhb b awlie 1) bag] 5,Shes Wlgs o (0 jgselS
I dSise )l S5 pnn S Jobo doly (gilo e i d9ue
G §) s Y5 5 dlss dead Sgygllea ST 6> -PEG
DPSCs g8 5 iS5 4 (2liwd 3 1) 32 2 (35 il G orlais
DRIy Jole i85 s po g (Slo 055 (Y (VVF) 3,87 oy,
2,5 o o |y 3l 3,5 <8 PEG clale 8 Jb o b


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

)en g (55 Lus s

gle/ b (uSlaS b wtine d p3] glacd iy )9y

2B )50 Canls il 0l 030l gy iz (hol blje
J51s p> Juligl o Gy (sl Jolo (sol> 5 5,51 5 T g5 (3 (sliso
Pl 391048 S5 (SHe Dygo 4 45 9l 0ad 01008 I Ay
295 (ol IS ol ¢ 5 (yg 0 Laalpd )3 S o) VY I g 03
@ p5Y adl g ond S ol 3 Bgye aSid G g 035 Lais
U515 55 1y JUIS cs3l5 o S 3] oalizl b liions &8 cal ol
bl Cungyly &y S layzs I (gdke dlge yigs dai (gl ol HlS L

I8 byl 3y9e b slalaze 3 Ll QT 3,8 Il oS oS

.3%5
8 35 4o

@ & e oy Qb calujl (dly Se8 b claty,

oad aduy JolS5 g ST (g Gluls dgu i 5l slosisS gl
sl olacodsise b ola by il edlaiel (Jls opl b el
O Gl olyon Jlow 4 @l (Kiwly 9 (39 (e ol JB 8
Gk Jl g/l cél caloll 4 gl oW sy
Olyn U ol adl, polaisl cdl wdige e b3Sy,
ey powye (Sl slogtsy b il sy i ) 5 jle
oy Bl wdige dldw glinl jl alisee (glacauS i ¢ yeSL ol
b &5 Sl glagis) b basye o mals jl (B &5 wloss
ool JSGgp S oliin Gy Jb ol b S Sk
2y by Olallas (8l utiza 350y bl p b JT o]

el L5 3590 yilasye Sl sl e

‘:s,b)” 9 ’SM:'“
Ol (S8 pole Cliiod dnngs o dunge bawgs (iagh o
Gl 0ad o Colos AVYALQ o)les b 5,5 cod (sbows)

Rferences

1- Galler KM. Clinical procedures for revitalization: current
knowledge and considerations. Int Endod J. 2016;49(10):926-36.
2- Albuquerque MTP, Valera MC, Nakashima M, Nor JE,
Bottino MC. Tissue-engineering-based  strategies  for
regenerative endodontics. J Dent Res. 2014;93(12):1222-31.

3- Saoud TMA, Ricucci D, Lin LM, Gaengler P. Regeneration
and repair in endodontics-a special issue of the regenerative

AR

ol Cawd 4 ol (YY) 13,5 ol (5 gy Llypd > (Blojb
P Glp edd edpe (p9)Seeds b iehe cull
S9pe S Shy popde b lis 1) gle/ b il uiiza
ol 4Bl dnng o fg)dn gleldl b pwrine 53 )l
28 0 58 95 wS Clled (b (g )Seers slanly
99 38 oyizman Cunl Cgllae sl (3Lojl (uSidgail (gla ey
Sjgnal Rl g Cplen g 03 Sl Com 2g)Seerd Ll
b @5yl S5 e bl 0 1) SCAP
e sl cwnl (b K0 Gl 5%, S
Casgone p3) o Jlw 3 &S iy pawss calwjl 40 )
Gl by o ol Sl e lacau)b @3, Ly syt
oo Ol e 09,8 T (el g o alo am s
g cwlie (VWF) hlSen 5 YU cpgusye slagshs) g (uj ol
Ol Canyls g (slodgs gy 4 ok adle VY Ol cun)ls
JUasl a8 a3l ps oyl .055,S awslie DPSCs sl (glp 1y o
2 O3eS] g sdie dlgo culie (6 pdpdah g (gan s LB Lo TN -
A5y g Jlal gl 1y e e 0id Gl (jerelS )l
Wy Gy (gpcwlio e by Jolw 5 LS o dlw] DPSCs
Sl e 5 jloolizl b 55 6550 Jub Casj GjelS Jopien
i Olpie 4 gle dud Jolowel g Jolome slagiso b o
J3aiem (TV) 15 Ol (50 02003 JLal olsie 2 218 el
g9 opl b iy daue |y 00l dJgunS SCAP Sl 055 coss ol
waass calwjl o, lmOT 38 ol ool adlo i cunle
OhSer o Campos (JSuio (b dblie (gl 08 (o0 393000 ady)
» (Hand-held bioprinting) _sws _iwsj ls Gbey jl (YVA)
gy 38 edlaiwl s adyy 31 )0 Gy el gl Joxo
Jola> s g b a5 > 4 Wl €5 b ons J S
Olse 4l Ol (L8l ol 4y Jlas Bl g ) s> ©8) pi0
endodontics-a new era in clinical endodontics. Dent J.
2016;4(1):3.
4- Lin LM, Huang GT-J, Sigurdsson A, Kahler B. Clinical cell-
based versus cell-free regenerative endodontics: clarification of
concept and term. Int Endod J. 2021;54(6):887-901.

5- Bezgin T, Sonmez H. Review of current concepts of
revascularization/revitalization. Dent Traumatol.


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

Sgpe e

(VE-Y )31 00 dlis X' 0,90) o)lprd Sloy ¢ dilipe loss 5 (S pole olRiisly b il aloxo

2015;31(4):267-73.

6- Verma P, Nosrat A, Kim JR, Price JB, Wang P, Bair E, et al.
Effect of residual bacteria on the outcome of pulp regeneration
in vivo. J Dent Res. 2017;96(1):100-6.

7- Lin LM, Shimizu E, Gibbs JL, Loghin S, Ricucci D.
Histologic and histobacteriologic observations of failed
revascularization/revitalization therapy: A case report. J Endod.
2014;40(2):291-5.

8- Tabassum S, Khan FR. Failure of endodontic treatment: The
usual suspects. Eur J Dent. 2016;10(1):144-7.

9- Ribeiro JS, Miinchow EA, Ferreira Bordini EA, de Oliveira
da Rosa WL, Bottino MC. Antimicrobial therapeutics in
regenerative endodontics: A scoping review. J Endod.
2020;46(9):S115-27.

10- Gomes BPFA, Pinheiro ET, Jacinto RC, Zaia AA, Ferraz
CCR, Souza-Filho FJ. Microbial analysis of canals of root-filled
teeth with periapical lesions using polymerase chain reaction. J
Endod. 2008;34(5):537-40.

11- Shaik J, Garlapati R, Nagesh B, Sujana V, Jayaprakash T,
Naidu S. Comparative evaluation of antimicrobial efficacy of
triple antibiotic paste and calcium hydroxide using chitosan as
carrier against Candida albicans and Enterococcus faecalis: An
in vitro study. J Conserv Dent. 2014;17(4):335-9.

12- Ballal NV, Kundabala M, Bhat KS, Acharya S, Ballal M,
Kumar R, et al. Susceptibility of Candida albicans and
Enterococcus faecalis to chitosan, chlorhexidine gluconate and
their combination in vitro. Aust Endod J. 2009;35(1):29-33.

13- Gomes BPFA, Souza SFC, Ferraz CCR, Teixeira FB, Zaia
AA, Valdrighi L, et al. Effectiveness of 2% chlorhexidine gel
and calcium hydroxide against Enterococcus faecalis in bovine
root dentine in vitro. Int Endod J. 2003;36(4):267-75.

14- Banchs F, Trope M. Revascularization of immature
permanent teeth with apical periodontitis: new treatment
protocol? J Endod. 2004;30(4):196-200.

15- Huang GTJ, Liu J, Zhu X, Yu Z, Li D, Chen C, et al.
Pulp/dentin regeneration: It should be complicated. J Endod.
2020;46(9):S128-34.

16- Windley W, Teixeira F, Levin L. Disinfection of immature
teeth with a triple antibiotic paste. J Endod. 2005;31(6):439-43.
17- Sato I, Ando-Kurihara N, Kota K, Iwaku M, Hoshino E.
Sterilization of infected root-canal dentine by topical application
of a mixture of ciprofloxacin, metronidazole and minocycline in
situ. Int Endod J. 1996;29(2):118-24.

18- Kim J-H, Kim Y, Shin S-J, Park J-W, Jung I-Y. Tooth
discoloration of immature permanent incisor associated with
triple antibiotic therapy: A case report. J Endod.
2010;36(6):1086-91.

19- Petrino JA, Boda KK, Shambarger S, Bowles WR,
Mcclanahan SB. Challenges in regenerative endodontics: a case
series. J Endod. 2010;36(3):536-41.

20- Porter MLA, Miinchow EA, Albuquerque MTP, Spolnik KJ,
Hara AT, Bottino MC. Effects of novel 3-dimensional antibiotic-
containing electrospun scaffolds on dentin discoloration. J
Endod. 2016;42(1):106-12.

21- Akcay M, Arslan H, Yasa B, Kavrik F, Yasa E.

Spectrophotometric analysis of crown discoloration induced by
various antibiotic pastes used in revascularization. J Endod.
2014;40(6):845-8.

22- Karczewski A, Feitosa SA, Hamer El, Pankajakshan D,
Gregory RL, Spolnik KJ, et al. Clindamycin-modified triple
antibiotic nanofibers: a stain-free antimicrobial intracanal drug
delivery system. J Endod. 2018;44(1):155-62.

23- Shokouhinejad N, Razmi H, Farbod M, Alikhasi M,
Camilleri J. Coronal tooth discoloration induced by regenerative
endodontic treatment using different scaffolds and intracanal
coronal barriers: a 6-month ex vivo study. Restor Dent Endod.
2019;44(3):1-10.

24- Maniglia-Ferreira C, de Almeida-Gomes F, Pinto MMN, de
Sousa Barbosa FT, de Farias Filho DM, Albuquerque NLG. In
vitro evaluation of the antimicrobial effects of different
intracanal medications in necrotic immature teeth. Eur Arch
Paediatr Dent. 2016;17(4):251-5.

25- Latham J, Fong H, Jewett A, Johnson JD, Paranjpe A.
Disinfection efficacy of current regenerative endodontic
protocols in simulated necrotic immature permanent teeth. J
Endod. 2016;42(8):1218-25.

26- Chrepa V, Henry MA, Daniel BJ, Diogenes A. Delivery of
apical mesenchymal stem cells into root canals of mature teeth.
J Dent Res. 2015;94(12):1653-9.

27- Thibodeau B, Trope M. Pulp revascularization of a necrotic
infected immature permanent tooth: case report and review of the
literature. Pediatr Dent. 2007;29(1):47-50.

28- Diogenes A, Henry MA, Teixeira FB, Hargreaves KM. An
update on clinical regenerative endodontics. Endod Top.
2013;28(1):2-23.

29- Almutairi W, Yassen GH, Aminoshariae A, Williams KA,
Mickel A. Regenerative endodontics: a systematic analysis of the
failed cases. J Endod. 2019;45(5):567-77.

30- Simon SRJ, Tomson PL, Berdal A. Regenerative
endodontics: Regeneration or repair? J Endod. 2014;40(4S):
S70-5.

31- Simon S, Smith AJ. Regenerative endodontics. Br Dent J.
2014;216(6):E13.

32- Mooney DJ, Powell C, Piana J, Rutherford B. Engineering
dental pulp-like tissue in vitro. Biotechnol Prog. 1996;12(6):
865-8.

33- Bohl KS, Shon J, Rutherford B, Mooney DJ. Role of
synthetic extracellular matrix in development of engineered
dental pulp. J Biomater Sci Polym Ed. 1998;9(7):749-64.

34- Gronthos S, Mankani M, Brahim J, Robey PG, Shi S.
Postnatal human dental pulp stem cells (DPSCs) in vitro and in
vivo. Proc Natl Acad Sci. 2000;97(25):13625-30.

35- Huang GTJ. Pulp and dentin tissue engineering and
regeneration: current progress. Regen Med 2009;4(5):697-707.
36- Galler KM, Widbiller M. Perspectives for cell-homing
approaches to engineer dental pulp. J Endod. 2017;43(9):S40-5.
37- Eramo S, Natali A, Pinna R, Milia E. Dental pulp
regeneration via cell homing. Int Endod J. 2018;51(4):405-19.
38- Widbiller M, Driesen RB, Eidt A, Lambrichts I, Hiller KA,
Buchalla W, et al. Cell homing for pulp tissue engineering with


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

hHSer 5 (25 by

e/l (oSdaS Bl gwtine )3 y3 iy 2 5y

endogenous dentin matrix proteins. J Endod. 2018;44(6):956-62.
39- Suzuki T, Lee CH, Chen M, Zhao W, Fu SY, Qi JJ, et al.
Induced migration of dental pulp stem cells for in vivo pulp
regeneration. J Dent Res. 2011;90(8):1013-8.

40- Ruangsawasdi N, Zehnder M, Weber FE. Fibrin gel
improves tissue ingrowth and cell differentiation in human
immature premolars implanted in rats. J Endod. 2014;40(2):
246-50.

41- Kim JY, Xin X, Moioli EK, Chun J, Lee CH, Chen M, et al.
Regeneration of dental-pulp-like tissue by chemotaxis-induced
cell homing. Tissue Eng Part A. 2010;16(10):3023-31.

42- Li L, Wang Z. PDGF-BB, NGF and BDNF enhance pulp-
like tissue regeneration via cell homing. RSC Adv.
2016;6(111):109519-27.

43- Gronthos S, Brahim J, Li W, Fisher LW, Cherman N, Boyde
A, et al. Stem cell properties of human dental pulp stem cells. J
Dent Res. 2002;81(8):531-5.

44- Sonoyama W, Liu Y, Fang D, Yamaza T, Seo BM, Zhang C,
et al. Mesenchymal stem cell-mediated functional tooth
regeneration in swine. PLoS. One 2006;1(1):e79.

45- Sonoyama W, Liu Y, Yamaza T, Tuan RS, Wang S, Shi S,
et al. Characterization of apical papilla and its residing stem cells
from human immaturer permanent teeth-A pilot study. J Endod.
2008;34(2):166-71.

46- Miura M, Gronthos S, Zhao M, Lu B, Fisher LW, Robey PG,
et al. SHED: Stem cells from human exfoliated deciduous teeth.
Proc Natl Acad Sci. 2003;100(10):5807-12.

47- Ching HS, Luddin N, Rahman IA, Ponnuraj KT. Expression
of odontogenic and osteogenic markers in DPSCs and SHED: A
review. Curr Stem Cell Res Ther. 2017;12(1):71-9.

48- Alleman M, Low E, Truong K, Huang E, Hill CK, Chen TY,
et al. Dental pulp-derived stem cells (DPSC) differentiation in
vitro into odontoblast and neuronal progenitors during cell
passaging is associated with alterations in cell survival and
viability. Int ] Med Biomed Res. 2013;2(2):133-41.

49- Bakopoulou A, Leyhausen G, Volk J, Tsiftsoglou A, Garefis
P, Koidis P, et al. Comparative analysis of in vitro
osteo/odontogenic differentiation potential of human dental pulp
stem cells (DPSCs) and stem cells from the apical papilla
(SCAP). Arch Oral Biol. 2011;56(7):709-21.

50- Luzuriaga J, Pastor-Alonso O, Encinas JM, Unda F,
Ibarretxe G, Pineda JR. Human dental pulp stem cells grown in
neurogenic media differentiate into endothelial cells and
promote neovasculogenesis in the mouse brain. Front Physiol.
2019;10:347.

51- Xu JG, Gong T, Wang YY, Zou T, Heng BC, Yang YQ,
et al. Inhibition of TGF-B signaling in SHED enhances
endothelial differentiation. J Dent Res. 2018;97(2):218-25.

52- Zhou Y, Zhang C, Liang K, Li J, Yang H, Liu X, et al.
Photopolymerized water-soluble maleilated
chitosan/methacrylated poly (vinyl alcohol) hydrogels as
potential tissue engineering scaffolds. Int J Biol Macromol.
2018;106:227-33.

53- Koutsoumparis A, Vassili A, Bakopoulou A, Ziouta A,
Tsiftsoglou AS. Erythropoietin (thEPOa) promotes endothelial

!

transdifferentiation of stem cells of the apical papilla (SCAP).
Arch Oral Biol. 2018;96:96-103.

54- Kiraly M, Porcsalmy B, Pataki A, Kadar K, Jelitai M, Molnar
B, et al. Simultaneous PKC and cAMP activation induces
differentiation of human dental pulp stem cells into functionally
active neurons. Neurochem Int. 2009;55(5):323-32.

55- Chang C, Chang K, Tsai S, Chang H-H, Lin C-P. Neurogenic
differentiation of dental pulp stem cells to neuron-like cells in
dopaminergic and motor neuronal inductive media. J Formos
Med Assoc. 2014;113(12):956-65.

56- Wang J, Wang X, Sun Z, Wang X, Yang H, Shi S, et al. Stem
cells from human-exfoliated deciduous teeth can differentiate
into dopaminergic neuron-like cells. Stem Cells Deyv.
2010;19(9):1375-83.

57- Wang J, Liu X, Jin X. The odontogenic differentiation of
human dental pulp stem cells on nanofibrous poly(L-lactic acid)
scaffolds in vitro and in vivo. Acta Biomater. 2010;6(10):
3856-63.

58- Cordeiro MM, Dong Z, Kaneko T, Zhang Z, Miyazawa M,
Shi S, et al. Dental pulp tissue engineering with stem cells from
exfoliated deciduous teeth. J] Endod. 2008;34(8):962-9.

59- Sakai VT, Zhang Z, Dong Z, Neiva KG, Machado MAAM,
Shi S, et al. SHED differentiate into functional odontoblasts and
endothelium. J Dent Res. 2010;89(8):791-6.

60- Demarco FF, Casagrande L, Zhang Z, Dong Z, Tarquinio
SB, Zeitlin BD, et al. Effects of morphogen and scaffold porogen
on the differentiation of dental pulp stem cells. J Endod.
2010;36(11):1805-11.

61- Huang GT-J, Yamaza T, Shea LD, Djouad F, Kuhn NZ, Tuan
RS, et al. Stem/progenitor cell-mediated de novo regeneration of
dental pulp with newly deposited continuous layer of dentin in
an in vivo model. Tissue Eng Part A. 2010;16(2):605-15.

62- Nakashima M, Iohara K, Sugiyama M. Human dental pulp
stem cells with highly angiogenic and neurogenic potential for
possible use in pulp regeneration. Cytokine Growth Factor Rev.
2009;20(5-6):435-40.

63- Matsui M, Kobayashi T, Tsutsui TW. CD146 positive human
dental pulp stem cells promote regeneration of dentin/pulp-like
structures. Hum Cell. 2018;31(2):127-38.

64- Nakashima M, Iohara K. Regeneration of dental pulp by stem
cells. Adv Dent Res. 2011;23(3):313-9.

65- Iohara K, Zheng L, Ito M, Ishizaka R, Nakamura H, Into T,
et al. Regeneration of dental pulp after pulpotomy by
transplantation of CD31-/CD146- side population cells from a
canine tooth. Regen Med. 2009;4(3):
377-85.

66- Galler KM, Eidt A, Schmalz G. Cell-free approaches for
dental pulp tissue engineering. J Endod. 2014;40(4S):S41-5.
67- Otsu K, Kishigami R, Oikawa-Sasaki A, Fukumoto S,
Yamada A, Fujiwara N, et al. Differentiation of induced
pluripotent stem cells into dental mesenchymal cells. Stem Cells
Dev. 2012;21(7):1156-64.

68- Zein N, Harmouch E, Lutz J, De Grado GF, Kuchler-bopp S,
Clauss F, et al. Polymer-based instructive scaffolds for
endodontic regeneration. Materials (Basel). 2019;12(15):2347.


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

Sgpe e

(VE-Y )31 00 dlis X' 0,90) o)lprd Sloy ¢ dilipe loss 5 (S pole olRiisly b il aloxo

69- Demarco FF, Conde MCM, Cavalcanti B, Casagrande L,
Sakai V, Nor JE. Dental pulp tissue engineering. Braz Dent J.
2011;22(1):3-13.

70- Ito T, Kaneko T, Sueyama Y, Kaneko R. Dental pulp tissue
engineering of pulpotomized rat molars with bone marrow
mesenchymal stem cells. Odontology. 2017;105(4):392-7.

71- Wu L, Zhu F, Wu Y, Lin Y, Nie X, Jing W, et al. Dentin
sialophosphoprotein-promoted mineralization and expression of
odontogenic genes in adipose-derived stromal cells. Cells
Tissues Organs. 2008;187(2):103-12.

72- Ishizaka R, Iohara K, Murakami M, Fukuta O, Nakashima
M. Regeneration of dental pulp following pulpectomy by
fractionated stem/progenitor cells from bone marrow and
adipose tissue. Biomaterials. 2012;33(7):2109-18.

73- Sloan AJ, Smith AJ. Stimulation of the dentine—pulp
complex of rat incisor teeth by transforming growth factor-f3
isoforms 1-3 in vitro. Arch Oral Biol. 1999;44(2):149-56.

74- Huojia M, Muraoka N, Yoshizaki K, Fukumoto S,
Nakashima M, Akamine A, et al. TGF-B3 induces ectopic
mineralization in fetal mouse dental pulp during tooth germ
development. Dev Growth Differ. 2005;47(3):141-52.

75- Dobie K, Smith G, Sloan AJ, Smith AJ. Effects of alginate
hydrogels and TGF-B1 on human dental pulp repair in vitro.
Connect Tissue Res. 2002;43(2-3):387-90.

76- Nakashima M. Induction of dentin formation on canine
amputated pulp by recombinant human bone morphogenetic
proteins (BMP)-2 and -4. J Dent Res. 1994;73(9):1515-22.

77- Rutherford RB, Wahle J, Tucker M, Rueger D, Charette M.
Induction of reparative dentine formation in monkeys by
recombinant human osteogenic protein-1. Arch Oral Biol.
1993;38(7):571-6.

78- Rutherford RB, Spangberg L, Tucker M, Rueger D, Charette
M. The time-course of the induction of reparative dentine
formation in monkeys by recombinant human osteogenic
protein-1. Arch Oral Biol. 1994;39(10):833-8.

79- Sloan AJ, Rutherford RB, Smith AJ. Stimulation of the rat
dentine-pulp complex by bone morphogenetic protein-7 in vitro.
Arch Oral Biol. 2000;45(2):173-7.

80- Zhang M, Jiang F, Zhang X, Wang S, Jin Y, Zhang W, et al.
The effects of platelet-derived growth factor-BB on human
dental pulp stem cells mediated dentin-pulp complex
regeneration. Stem Cells Transl Med. 2017;6(12):2126-34.

81- Takeuchi N, Hayashi Y, Murakami M, Alvarez FJ, Horibe
H, Iohara K, et al. Similar in vitro effects and pulp regeneration
in ectopic tooth transplantation by basic fibroblast growth factor
and granulocyte-colony stimulating factor. Oral Dis.
2015;21(1):113-22.

82- Nakao K, Itoh M, Tomita Y, Tomooka Y, Tsuji T. FGF-2
potently induces both proliferation and DSP expression in
collagen type I gel cultures of adult incisor immature pulp cells.
Biochem Biophys Res Commun. 2004;325(3):1052-9.

83- Yang J, Zhang Y, Sun Z, Song G, Chen Z. Dental pulp tissue
engineering with bFGF-incorporated silk fibroin scaffolds. J
Biomater Appl. 2015;30(2):221-9.

84- Taohong L, Yongzheng W, Chao M, Liu G, Yan M, Xu X,

Yy

et al. Insulin-like growth factor 1 promotes the proliferation and
committed differentiation of human dental pulp stem cells
through MAPK pathways. Arch Oral Biol. 2016;72:116-23.

85- Yang JW, Zhang YF, Wan CY, Sun ZY, Nie S, Jian SJ, et al.
Autophagy in SDF-lo-mediated DPSC migration and pulp
regeneration. Biomaterials. 2015;44:11-23.

86- Zhu L, Dissanayaka WL, Zhang C. Dental pulp stem cells
overexpressing  stromal-derived factor-lo. and  vascular
endothelial growth factor in dental pulp regeneration. Clin Oral
Investig. 2019;23(5):2497-509.

87-  Yamakoshi Y. Dentinogenesis ~ and  dentin
sialophosphoprotein (DSPP). J Oral Biosci. 2009;51(3):134-42.
88- MacDougall M, Simmons D, Luan X, Nydegger J, Feng J,
Gu TT. Dentin phosphoprotein and dentin sialoprotein are
cleavage products expressed from a single transcript coded by a
gene on human chromosome 4: Dentin phosphoprotein DNA
sequence determination. J Biol Chem. 1997;272(2):835-42.
89-Lee SY, Kim SY, Park SH, Kim JJ, Jang JH, Kim EC. Effects
of recombinant dentin sialoprotein in dental pulp cells. J Dent
Res. 2012;91(4):407-12.

90- Butler WT, Ritchie H. The nature and functional significance
of dentin extracellular matrix proteins. Int J Dev Biol.
1995;39(1):169-79.

91- Sun Y, Lu Y, Chen L, Goa T, D’Souza R, Feng JQ, et al.
DMP1 processing is essential to dentin and jaw formation. J Dent
Res. 2011;90(5):619-24.

92- Almushayt A, Narayanan K, Zaki AE, George A. Dentin
matrix protein 1 induces cytodifferentiation of dental pulp stem
cells into odontoblasts. Gene Ther. 2006;13(7):611-20.

93- Decup F, Six N, Palmier B, Buch D, Lasfargues J-J, Salih E,
et al. Bone sialoprotein-induced reparative dentinogenesis in the
pulp of rat’s molar. Clin Oral Investig. 2000;4(2):110-9.

94- Six N, Decup F, Lasfargues JJ, Salih E, Goldberg M.
Osteogenic proteins (bone sialoprotein and bone morphogenetic
protein-7) and dental pulp mineralization. J Mater Sci Mater
Med. 2002;13(2):225-32.

95- Ishizaka R, Hayashi Y, Iohara K, Sugiyama M, Murakami
M, Yamamoto T, et al. Stimulation of angiogenesis,
neurogenesis and regeneration by side population cells from
dental pulp. Biomaterials. 2013;34(8):1888-97.

96- Galler KM. Scaffolds for pulp repair and regeneration.
Springer-Verlag Berlin Heidelberg. Springer Nature. 2014;
251-65.

97- Smith AJ. Vitality of the dentin-pulp complex in health and
disease: growth factors as key mediators. J Dent Educ.
2003;67(6):678-89.

98- Oka S, Oka K, Xu X, Sasaki T, Bringas JP, Chai Y. Cell
autonomous requirement for TGF-B signaling during
odontoblast differentiation and dentin matrix formation. Mech
Dev. 2007;124(6):409-15.

99- Tziafas D, Papadimitriou S. Role of exogenous TGF-B in
induction of reparative dentinogenesis in vivo. Eur J Oral Sci.
1998;106(S1):192-6.

100- Iohara K, Nakashima M, Ito M, Ishikawa M, Nakasima A,
Akamine A. Dentin regeneration by dental pulp stem cell therapy


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

hHSer 5 (25 by

e/l (oSdaS Bl gwtine )3 y3 iy 2 5y

with recombinant human bone morphogenetic protein 2. J Dent
Res. 2004;83(8):590-5.

101- Ishimatsu H, Kitamura C, Morotomi T, Tabata Y, Nishihara
T, Chen KK, et al. Formation of dentinal bridge on surface of
regenerated dental pulp in dentin defects by controlled release of
fibroblast growth factor-2 from gelatin hydrogels. J Endod.
2009;35(6):858-65.

102- Qin W, Chen JY, Guo J, Ma T, Weir MD, Guo D, et al.
Novel calcium phosphate cement with metformin-loaded
chitosan for odontogenic differentiation of human dental pulp
cells. Stem Cells Int. 2018;2018:7173481.

103- Yuasa M, Yamada T, Taniyama T, Masaoka T, Xuetao W,
Yoshii T, et al. Dexamethasone enhances osteogenic
differentiation of bone marrow-and muscle-derived stromal cells
and augments ectopic bone formation induced by bone
morphogenetic protein-2. PLoS One. 2015;10(2):1-23.

104- Costa PF, Puga AM, Diaz-Gomez L, Concheiro A, Busch
DH, Alvarez-Lorenzo C. Additive manufacturing of scaffolds
with dexamethasone controlled release for enhanced bone
regeneration. Int J Pharm. 2015;496(2):541-50.

105- Zhang M, Ni S, Zhang X, Lu J, Gao S, Yang Y, et al.
Dexamethasone-loaded hollow hydroxyapatite microsphere
promotes odontogenic differentiation of human dental pulp cells
in vitro. Odontology. 2020;108(2):222-30.

106- Okamoto Y, Sonoyama W, Ono M, Akiyama K, Fujisawa
T, Oshima M, et al. Simvastatin induces the odontogenic
differentiation of human dental pulp stem cells in vitro and in
vivo. J Endod. 2009;35(3):367-72.

107- Min KS, Lee YM, Hong SO, Kim EC. Simvastatin
promotes odontoblastic differentiation and expression of
angiogenic factors via heme oxygenase-1 in primary cultured
human dental pulp cells. J Endod. 2010;36(3):447-52.

108- Soares DG, Zhang Z, Mohamed F, Eyster TW, de Souza
Costa CA, Ma PX. Simvastatin and nanofibrous poly(L-lactic
acid) scaffolds to promote the odontogenic potential of dental
pulp cells in an inflammatory environment. Acta Biomater.
2018;68:190-203.

109- Milhan NVM, de Barros PP, de Lima Zutin EA, de Oliveira
FE, Camargo CHR, Camargo SEA. The antimicrobial peptide
LL-37 as a possible adjunct for the proliferation and
differentiation of dental pulp stem cells. J Endod.
2017;43(12):2048-53.

110- Cheng Q, Zeng K, Kang Q, Qian W, Zhang W, Gan Q,
et al. The antimicrobial peptide LL-37 promotes migration and
odonto/osteogenic differentiation of stem cells from the apical
papilla through the Akt/Wnt/B-catenin signaling pathway. J
Endod. 2020;46(7):964-72.

111- Pan Y, Li Z, Wang Y, Yan M, Wu J, Beharee RG, et al.
Sodium fluoride regulates the osteo/odontogenic differentiation
of stem cells from apical papilla by modulating autophagy. J Cell
Physiol. 2019;234(9):16114-24.

112- Woo SM, Lim HS, Jeong KY, Kim SM, Kim WJ. Vitamin
D promotes odontogenic differentiation of human dental pulp
cells via ERK activation. Mol Cells. 2015;38(7):604-9.

113- Lo KWH, Ashe KM, Kan HM, Laurencin CT. The role of

Yy

small molecules in musculoskeletal regeneration. Regen Med.
2012;7(4):535-49.

114- He X, Chen WX, Ban G, Wei W, Zhou J, Chen W], et al.
A new method to develop human dental pulp cells and platelet-
rich fibrin complex. J Endod. 2016;42(11):1633-40.

115- Kim JH, Woo SM, Choi NK, Kim WJ, Kim SM, Jung JY.
Effect of platelet-rich fibrin on odontoblastic differentiation in
human dental pulp cells exposed to lipopolysaccharide. J Endod.
2017;43(3):433-8.

116- ChaiJ, Jin R, Yuan G, Kanter V, Miron RJ, Zhang Y. Effect
of liquid platelet-rich fibrin and platelet-rich plasma on the
regenerative potential of dental pulp cells cultured under
inflammatory conditions: a comparative analysis. J Endod.
2019;45(8):1000-8.

117- Hong S, Chen W, Jiang B. A comparative evaluation of
concentrated growth factor and platelet-rich fibrin on the
proliferation, migration, and differentiation of human stem cells
of the apical papilla. J Endod. 2018;44(6):977-83.

118- Smith AJ, Scheven BA, Takahashi Y, Ferracane JL, Shelton
RM, Cooper PR. Dentine as a bioactive extracellular matrix.
Arch Oral Biol. 2011;57(2):109-21.

119- Silva TA, Rosa AL, Lara VS. Dentin matrix proteins and
soluble factors: intrinsic regulatory signals for healing and
resorption of dental and periodontal tissues? Oral Dis.
2004;10(2):63-74.

120- Galler KM, Buchalla W, Hiller K. Influence of root canal
disinfectants on growth factor release from dentin. J Endod.
2015;41(3):363-8.

121- Widbiller M, Eidt A, Lindner SR, Hiller KA, Schweikl H,
Buchalla W, et al. Dentine matrix proteins: isolation and effects
on human pulp cells. Int Endod J. 2018;51:€278-90.

122- Lee CP, Colombo JS, Ayre WN, Sloan AJ, Waddington RJ.
Elucidating the cellular actions of demineralised dentine matrix
extract on a clonal dental pulp stem cell population in
orchestrating  dental tissue repair. J Tissue Eng.
2015;6:204173141558631.

123- Joo HS, Suh JH, Lee HJ, Bang ES, Lee JM. Current
knowledge and future perspectives on mesenchymal stem cell-
derived exosomes as a new therapeutic agent. Int J] Mol Sci.
2020;21(3):727.

124- Huang C, Narayanan R, Alapati S, Ravindran S. Exosomes
as biomimetic tools for stem cell differentiation: Applications in
dental pulp tissue Biomaterials.
2016;111(Dec):103-15.

125- Ivica A, Ghayor C, Zehnder M, Valdec S, Weber FE. Pulp-
derived exosomes in a fibrin-based regenerative root filling
material. J Clin Med. 2020;9(2):491.

126- Zhuang X, Ji L, Jiang H, Liu Y, Liu X, BiJ, et al. Exosomes
derived from stem cells from the apical papilla promote dentine-

regeneration.

pulp complex regeneration by inducing specific dentinogenesis.
Stem Cells Int. 2020;2020:5816723.

127- Lee SK, Lee SK, Lee SI, Park JH, Jang JH, Kim HW, et al.
Effect of calcium phosphate cements on growth and
odontoblastic differentiation in human dental pulp cells. J Endod.
2010;36(9):1537-42.


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

Sgpe e

(VE-Y )31 00 dlis X' 0,90) o)lprd Sloy ¢ dilipe loss 5 (S pole olRiisly b il aloxo

128- Zheng L, Yang F, Shen H, Hu X, Mochizuki Ch, Sato M,
et al. The effect of composition of calcium phosphate composite
scaffolds on the formation of tooth tissue from human dental
pulp stem cells. Biomaterials. 2011;32(29):7053-9.

129- Zhu X, Liu J, Yu Z, Chen CA, Aksel H, Azim AA, etal. A
miniature swine model for stem cell-based de novo regeneration
of dental pulp and dentin-like tissue. Tissue Eng Part C Methods.
2018;24(2):108-20.

130- Asghari F, Salehi R, Agazadeh M, Alizadeh E, Adibkia K,
Samiei M, et al. The odontogenic differentiation of human dental
pulp stem cells on hydroxyapatite-coated biodegradable
nanofibrous scaffolds. Int J Polym Mater Polym Biomater.
2016;65(14):720-8.

131- Tondnevis F, Ketabi M, Fekrazad R, Sadeghi A,
Abolhasani MM. Using chitosan besides nano hydroxyapatite
and fluorohydroxyapatite boost dental pulp stem cell
proliferation. J Biomimetics, Biomater Biomed Eng.
2019;42:39-50.

132- Gotlieb EL, Murray PE, Namerow KN, Kuttler S, Garcia-
Godoy F. An ultrastructural investigation of tissue-engineered
pulp constructs implanted within endodontically treated teeth. J
Am Dent Assoc. 2008;139(4):457-65.

133- Louvrier A, Euvrard E, Nicod L, Rolin G, Gindraux F,
Pazart L, et al. Odontoblastic differentiation of dental pulp stem
cells from healthy and carious teeth on an original PCL-based
3D scaffold. Int Endod J. 2018;51(May):e252-63.

134- Leite ML, Soares DG, Anovazzi G, Mendes Soares IP,
Hebling J, de Souza Costa CA. Development of fibronectin-
loaded nanofiber scaffolds for guided pulp tissue regeneration. J
Biomed Mater Res Part B Appl Biomater. 2021;109(9):1244-58.
135- Guo T, Li Y, Cao G, Zhang Z, Chang S, Czajka-
Jakubowska A, et al. Fluorapatite-modified scaffold on dental
pulp stem cell mineralization. J Dent Res. 2014;93(12):1290-5.
136- Yun HM, Kang SK, Singh RK, Lee JH, Lee HH, Park KR,
et al. Magnetic nanofiber scaffold-induced stimulation of
odontogenesis and pro-angiogenesis of human dental pulp cells
through ~ Wnt/MAPK/NF-«xB
2016;32(11):1301-11.

137- Kuang R, Zhang Z, Jin X, Hu J, Gupte MJ, Ni L, et al.
Nanofibrous spongy microspheres enhance odontogenic

pathways.  Dent  Mater.

differentiation of human dental pulp stem cells. Adv Healthc
Mater. 2015;4(13):1993-2000.

138- Kuang R, Zhang Z, Jin X, Hu J, Shi S, Ni L, et al.
Nanofibrous spongy microspheres for the delivery of hypoxia-
primed human dental pulp stem cells to regenerate vascularized
dental pulp. Acta Biomater. 2016;33(Mar):225-34.

139- Zou H, Wang G, Song F, Shi X. Investigation of human
dental pulp cells on a potential injectable poly(lactic-co-glycolic
acid) microsphere scaffold. J Endod. 2017;43(5):745-50.

140- Wang W, Dang M, Zhang Z, Hu J, Eyster TW, Ni L, et al.
Dentin regeneration by stem cells of apical papilla on injectable
nanofibrous microspheres and stimulated by controlled BMP-2
release. Acta Biomater. 2016;36(May):63-72.

141- Mathieu S, Jeanneau C, Sheibat-Othman N, Kalaji N, Fessi
H, About I. Usefulness of controlled release of growth factors in

Y¥

investigating the early events of dentin-pulp regeneration. J
Endod. 2013;39(2):228-35.

142- Galler KM, Aulisa L, Regan KR, D’Souza RN, Hartgerink
JD. Self-assembling multidomain peptide hydrogels: designed
susceptibility to enzymatic cleavage allows enhanced cell
migration and spreading. ] Am Chem Soc. 2010;132(9):3217-23.
143- Galler KM, Hartgerink JD, Cavender AC, Schmalz G,
D’Souza RN. A customized self-assembling peptide hydrogel
for dental pulp tissue engineering. Tissue Eng Part A. 2012;18
(1-2):176-84.

144- Cavalcanti BN, Zeitlin BD, Nor JE. A hydrogel scaffold
that maintains viability and supports differentiation of dental
pulp stem cells. Dent Mater. 2013;29(1):97-102.

145- Rosa V, Zhang Z, Grande RHM, Nor JE. Dental pulp tissue
engineering in full-length human root canals. J Dent Res.
2013;92(11):970-5.

146- Dissanayaka WL, Hargreaves KM, Jin L, Samaranayake
LP, Zhang C. The interplay of dental pulp stem cells and
endothelial cells in an injectable peptide hydrogel on
angiogenesis and pulp regeneration in vivo. Tissue Eng Part A.
2015;21(3-4):550-63.

147- Goldberg M, Kulkarni AB, Young M, Boskey A. Dentin:
Structure, composition and mineralization: The role of dentin
ECM in dentin formation and mineralization. Front Biosci (Elite
Ed). 2011;3(Apr):711-35.

148- He L, Hao Y, Zhen L, Liu H, Shao M, Xu X, et al.
Biomineralization of dentin. J Struct Biol. 2019;207(2):115-22.
149- Coyac BR, Chicatun F, Hoac B, Nelea V, Chaussain C,
Nazhat SN, et al. Mineralization of dense collagen hydrogel
scaffolds by human pulp cells. J Dent Res. 2013;92(7):648-54.
150- Leong DJX, Setzer FC, Trope M, Karabucak B.
Biocompatibility of two experimental scaffolds for regenerative
endodontics. Restor Dent Endod. 2016;41(2):98-105.

151- Sumita Y, Honda MJ, Ohara T, Tsuchiya S, Sagara H,
Kagami H, et al. Performance of collagen sponge as a 3-D
scaffold  for  tooth-tissue
2006;27(17):3238-48.

152- Kim NR, Lee DH, Chung PH, Yang HC. Distinct
differentiation properties of human dental pulp cells on collagen,

engineering.  Biomaterials.

gelatin, and chitosan scaffolds. Oral Surgery, Oral Med Oral
Pathol Oral Radiol Endodontology. 2009;108(5):€94-100.

153- Pan S, Dangaria S, Gopinathan G, Yan X, Lu X,
Kolokythas A, et al. SCF promotes dental pulp progenitor
migration, neovascularization, and collagen remodeling —
potential applications as a homing factor in dental pulp
regeneration. Stem Cell Rev Reports. 2016;9(5):655-67.

154- Pankajakshan D, Voytik-Harbin SL, Nor JE, Bottino MC.
Injectable highly tunable oligomeric collagen matrices for dental
tissue regeneration. ACS Appl Bio Mater. 2020;3(2):859-68.
155- Kwon YS, Lee SH, Hwang YC, Rosa V, Lee KW, Min KS.
Behaviour of human dental pulp cells cultured in a collagen
hydrogel scaffold cross-linked with cinnamaldehyde. Int Endod
J.2017;50(1):58-66.

156- Kwon YS, Lim ES, Kim HM, Hwang YC, Lee KW, Min
KS. Genipin, a cross-linking agent, promotes odontogenic


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

hHSer 5 (25 by

e/l (oSdaS Bl gwtine )3 y3 iy 2 5y

differentiation of human dental pulp cells. J Endod.
2015;41(4):501-7.

157- Lim ES, Lim MJ, Min KS, Kwon YS, Hwang YCh, Yu MK,
et al. Effects of epicatechin, a crosslinking agent, on human
dental pulp cells cultured in collagen scaffolds. J Appl Oral Sci.
2016;24(1):76-84.

158- Kwon YS, Kim HJ, Hwang YC, Rosa V, Yu MK, Min KS.
Effects of epigallocatechin gallate, an antibacterial cross-linking
agent, on proliferation and differentiation of human dental pulp
cells cultured in collagen scaffolds. J Endod. 2017;43(2):289-96.
159- Prescott RS, Alsanea R, Fayad MI, Bradford R Johnson BR,
Wenckus CS, Hao J, et al. In vivo generation of dental pulp-like
tissue by using dental pulp stem cells, a collagen scaffold, and
dentin matrix protein 1 after subcutaneous transplantation in
mice. ] Endod. 2008;34(4):421-6.

160- Iohara K, Fujita M, Ariji Y, Yoshikawa M, Watanabe H,
Takashima A, et al. Assessment of pulp regeneration induced by
stem cell therapy by magnetic resonance imaging. J Endod.
2016;42(3):397-401.

161- Zhang S, Yang Y, Jia S, Chen H, Duan Y, Li X, et al.
Exosome-like vesicles derived from Hertwig’s epithelial root
sheath cells promote the regeneration of dentin-pulp tissue.
Theranostics. 2020;10(13):5914-31.

162- Wang Y, Zhao Y, Jia W, Yang J, Ge L. Preliminary study
on dental pulp stem cell-mediated pulp regeneration in canine
immature permanent teeth. J Endod. 2013;39(2):195-201.

163- Monteiro N, Thrivikraman G, Athirasala A, Tahayeri A,
Franga CM, Ferracane JL, et al. Photopolymerization of cell-
laden gelatin methacryloyl hydrogels using a dental curing light
for regenerative dentistry. Dent Mater. 2018;34(3):389-99.

164- Khayat A, Monteiro N, Smith EE, Pagni S, Zhang W,
Khademhosseini W, et al. GelMA-encapsulated hDPSCs and
HUVECs for dental pulp regeneration. J Dent Res.
2017;96(2):192-9.

165- Yang T, Zhang Q, Xie L, Zhang R, Qian R, Tian Y, et al.
hDPSC-laden  GelMA
electrostatic microdroplet method for endodontic regeneration.
Mater Sci Eng C. 2021;121(14):111850.

166- Martino MM, Briquez PS, Ranga A, Lutolf MP, Hubbell
JA. Heparin-binding domain of fibrin(ogen) binds growth

microspheres  fabricated  using

factors and promotes tissue repair when incorporated within a
synthetic matrix. Proc Natl Acad Sci. 2013;110(12):4563-8.
167- Mosesson MW. Fibrinogen and fibrin structure and
functions. J Thromb Haemost. 2005;3(8):1894-904.

168- Aksel H, Oztiirk S, Serper A, Ulubayram K. VEGF/BMP-
2 loaded three-dimensional model for enhanced angiogenic and
odontogenic potential of dental pulp stem cells. Int Endod J.
2018;5(4):420-30.

169- Galler KM, Brandl FP, Kirchhof S, Widbiller M, Eidt A,
Buchalla W, et al. Suitability of different natural and synthetic
biomaterials for dental pulp tissue engineering. Tissue Eng Part
A.2018;24(3-4):234-44.

170- Ruangsawasdi N, Zehnder M, Patcas R, Ghayor Ch,
Siegenthaler B, Gjoksi B, et al. Effects of stem cell factor on cell
homing during functional pulp regeneration in human immature

Yo

teeth. Tissue Eng Part A. 2017;23(3-4):115-23.

171- Park CH, Woo KM. Fibrin-based biomaterial applications
in tissue engineering and regenerative medicine. In: Noh I,
editor. Adv Exp Med Biol. 2018;1064:253-61.

172- Chatzistavrou X, Rao RR, Caldwell DJ, Peterson AW,
McAlpin B, Wang YY, et al. Collagen/fibrin microbeads as a
delivery system for Ag-doped bioactive glass and DPSCs for
potential applications in dentistry. J Non Cryst Solids.
2016;432:143-9.

173- Galler KM, Cavender AC, Koeklue U, Suggs LJ, Schmalz
G, D’Souza RN. Bioengineering of dental stem cells in a
PEGylated fibrin gel. Regen Med. 2011;6(2):191-200.

174- Lu Q, Pandya M, Rufaihah AJ, V Rosa, HJ Tong, D
Seliktar, et al. Modulation of dental pulp stem cell odontogenesis
in a tunable PEG-fibrinogen hydrogel system. Stem Cells Int.
2015;2015:525367.

175- Bagakova L, Novotna K, Pafzek M. Polysaccharides as cell
carriers for tissue engineering: the use of cellulose in vascular
wall reconstruction. Physiol Res. 2014;63(Suppl 1):S29-47.
176- Felszeghy S, Hyttinen M, Tammi R, Tammi M, Modis L.
Quantitative image analysis of hyaluronan expression in human
tooth germs. Eur J Oral Sci. 2000;108(4):320-6.

177- Chen KL, Yeh YY, Lung J, Yang YC, Yuan K.
Mineralization effect of hyaluronan on dental pulp cells via
CD44. J Endod. 2016;42(5):711-6.

178- Chrepa V, Austah O, Diogenes A. Evaluation of a
commercially available hyaluronic acid hydrogel (Restylane) as
injectable scaffold for dental pulp regeneration: an in vitro
evaluation. J Endod. 2017;43(2):257-62.

179- Ferroni L, Gardin C, Sivolella S, Brunello G, Berengo M,
Piattelli A, et al. A hyaluronan-based scaffold for the in vitro
construction of dental pulp-like tissue. Int J Mol Sci.
2015;16(3):4666-81.

180- Chang B, Ahuja N, Ma C, Liu X. Injectable scaffolds:
preparation and application in dental and craniofacial
regeneration. Mater Sci Eng R Reports. 2017;111:1-26.

181- Silva CR, Babo PS, Gulino M, Costa L, Oliveira JM, Silva-
Correia J, et al. Injectable and tunable hyaluronic acid hydrogels
releasing chemotactic and angiogenic growth factors for
endodontic regeneration. Acta Biomater. 2018;77:155-71.

182- Almeida LDF, Babo PS, Silva CR, Rodrigues MT,
HeblingJ, Reis RL, et al. Hyaluronic acid hydrogels
incorporating platelet lysate enhance human pulp cell
proliferation and differentiation. J Mater Sci Mater Med.
2018;29(6):88.

183- Ducret M, Montembault A, Josse J, Pasdeloup M, Celle A,
Benchrih R, et al. Design and characterization of a chitosan-
enriched fibrin hydrogel for human dental pulp regeneration.
Dent Mater. 2019;35(4):523-33.

184- Chen H, Fan M. Chitosan/carboxymethyl cellulose
polyelectrolyte complex scaffolds for pulp cells regeneration. J
Bioact Compat Polym. 2007;22(5):475-91.

185- Sana FA, Yurtsever MC, Bayrak GK, Tungay EO,
Kiremit¢i AS, Giimiisderelioglu M. Spreading, proliferation and
differentiation of human dental pulp stem cells on chitosan


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

Sgpe e

(VE-Y )31 00 dlis X' 0,90) o)lprd Sloy ¢ dilipe loss 5 (S pole olRiisly b il aloxo

scaffolds  immobilized with RGD  or
Cytotechnology. 2017;69(4):617-30.

186- Yang X, Han G, Pang X, Fan M. Chitosan/collagen scaffold
containing bone morphogenetic protein-7 DNA supports dental

fibronectin.

pulp stem cell differentiation in vitro and in vivo. J Biomed
Mater Res Part A. 2012;108(12):2519-26.

187- Bhoj M, Zhang C, Green DW. A first step in de novo
synthesis of a living pulp tissue replacement using dental pulp
MSCs and tissue growth factors, encapsulated within a
bioinspired alginate hydrogel. J Endod. 2015;41(7):1100-7.
188- Zhang R, Xie L, Wu H, Yang T, Zhang Q, Tian Y, et al.
Alginate/laponite hydrogel microspheres co-encapsulating
dental pulp stem cells and VEGF for endodontic regeneration.
Acta Biomater. 2020;113(14):305-16.

189- Tomas H, Alves CS, Rodrigues J. Laponite®: A key
nanoplatform for biomedical applications? Nanomedicine.
2018;14(7):2407-20.

190- Frantz C, Stewart KM, Weaver VM. The extracellular
matrix at a glance. J Cell Sci. 2010;123(24):4195-200.

191- Sackett SD, Tremmel DM, Ma F, Feeney AK, Maguire RM,
Brown ME, et al. Extracellular matrix scaffold and hydrogel
derived from decellularized and delipidized human pancreas. Sci
Rep. 2018;8(1):10452.

192- Bakhtiar H, Pezeshki-Modaress M, Kiaipour Z, Shafiee M,
Ellini MR, Mazidi A, et al. Pulp ECM-derived macroporous
scaffolds for stimulation of dental-pulp regeneration process.
Dent Mater. 2020;36(1):76-87.

193- Alqahtani Q, Zaky SH, Patil A, Beniash E, Ray H, Sfeir C.
Decellularized swine dental pulp tissue for regenerative root
canal therapy. J Dent Res. 2018;97(13):1460-7.

194- Chen G, Chen J, Yang B, Li L, Luo X, Zhang X, et al.
Combination of aligned PLGA/gelatin electrospun sheets, native
dental pulp extracellular matrix and treated dentin matrix as
substrates for tooth root regeneration. Biomaterials.
2015;52(1):56-70.

195- Hu L, Gao Z, Xu J, Zhu Z, Fan Z, Zhang C, et al.
Decellularized swine dental pulp as a bioscaffold for pulp
regeneration. Biomed Res Int. 2017;2017(Dec):9342714.

196- Song JS, Takimoto K, Jeon M, Vadakekalam J, Ruparel
NB, Diogenes A. Decellularized human dental pulp as a scaffold
for regenerative endodontics. J Dent Res. 2017;96(6):640-6.
197- Paduano F, Marrelli M, White LJ, Shakesheff KM, Tatullo
M. Odontogenic differentiation of human dental pulp stem cells
on hydrogel scaffolds derived from decellularized bone
extracellular matrix and collagen type I PLoS One.
2016;11(2):e0148225.

198- Zhang X, Li H, Sun J, Luo X, Yang H, Xie L, et al. Cell-
derived micro-environment helps dental pulp stem cells promote
dental pulp regeneration. Cell Prolif. 2017;50(5):e12361.

199- Ravindran S, Zhang Y, Huang CC, George A. Odontogenic
induction of dental stem cells by extracellular matrix-inspired
three-dimensional scaffold. Tissue Eng Part A. 2014;20(1-2):
92-102.

200- Ravindran S, Huang CC, George A. Extracellular matrix of
dental pulp stem cells: applications in pulp tissue engineering

\tg

using somatic MSCs. Front Physiol. 2014;4:395.

201- Huang CC, Narayanan R, Warshawsky N, Ravindran S.
Dual ECM biomimetic scaffolds for dental pulp regenerative
applications. Front Physiol. 2018;9:495.

202- Panda S, Mishra L, Arbildo-Vega HI, Lapinska B,
Lukomska-Szymanska M, Khijmatgar S, et al. Effectiveness of
autologous platelet concentrates in management of young
immature necrotic permanent teeth-a systematic review and
meta-analysis. Cells. 2020;9(10):2241.

203- Hartshorne J, Gluckman H. A comprehensive clinical
review of Platelet Rich Fibrin (PRF) and its role in promoting
tissue healing and regeneration in dentistry. Part III: Clinical
indications of PRF in implant dentistry, periodontology, oral
surgery and regenerative endodontics. Int Dent — African Ed.
2016;6(5):64-78.

204- Bakhtiar H, Esmaeili S, Tabatabayi SF, Ellini MR,
Nekoofar MH, Dummer PMH. Second-generation platelet
concentrate (platelet-rich fibrin) as a scaffold in regenerative
endodontics: a case series. ] Endod. 2017;43(3):401-8.

205- Lolato A, Bucchi C, Taschieri S, Kabbaney AE, Fabbro
MD. Platelet concentrates for revitalization of immature necrotic
teeth: a systematic review of the clinical studies. Platelets.
2016;27(5):383-92.

206- Gavifio Ordufia JF, Caviedes-Bucheli J, Manzanares
Céspedes MC, Berastegui Jimeno E, Martin Biedma B, Segura-
Egea JJ, et al. Use of platelet-rich plasma in endodontic
procedures in adults: regeneration or repair? A report of 3 cases
with 5 years of follow-up. J Endod. 2017;43(8):1294-301.

207- Zhu X, Zhang C, Huang GT-J, Cheung GSP, Dissanayaka
WL, Zhu W. Transplantation of dental pulp stem cells and
platelet-rich plasma for pulp regeneration. J Endod.
2012;38(12):1604-9.

208- Zhu X, Wang Y, Liu Y, Huang GT-J, Zhang C.
Immunohistochemical and histochemical analysis of newly
formed tissues in root canal space transplanted with dental pulp
stem cells plus platelet-rich plasma. J Endod. 2014;40(10):
1573-8.

209- Zhu W, Zhu X, Huang GT-J, Cheung GSP, Dissanayaka
WL, Zhang C. Regeneration of dental pulp tissue in immature
teeth with apical periodontitis using platelet-rich plasma and
dental pulp cells. Int Endod J. 2013;46(10):962-70.

210- Torabinejad M, Milan M, Shabahang S, Wright KR, Faras
H. Histologic examination of teeth with necrotic pulps and
periapical lesions treated with 2 scaffolds: an animal
investigation. J Endod. 2015;41(6):846-52.

211- Jin R, Song G, Chai J, Gou X, Yuan G, Chen Z. Effects of
concentrated growth factor on proliferation, migration, and
differentiation of human dental pulp stem cells in vitro. J Tissue
Eng. 2018;9(Dec):2041731418817505.

212- Huang FM, Yang SF, Zhao JH, Chang YC. Platelet-rich
fibrin increases proliferation and differentiation of human dental
pulp cells. J Endod. 2010;36(10):1628-32.

213- Chen YJ, Zhao YH, Zhao YJ, Liu Nx, Lv X, Li Q, et al.
Potential dental pulp revascularization and odonto-/osteogenic
capacity of a novel transplant combined with dental pulp stem


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-04 |

)en g (55 Lus s

gle/ b (uSlaS b wtine d p3] glacd iy )9y

cells and platelet-rich fibrin. Cell Tissue Res. 2015;361(2):
439-55.

214- Riaz A, Shah FA. Regenerating the pulp—dentine complex
using autologous platelet concentrates: a critical appraisal of the
current histological evidence. Tissue Eng Regen Med.
2020;18(7):37-48.

215- Kim SG, Malek M, Sigurdsson A, Lin LM, Kahler B.
Regenerative endodontics: a comprehensive review. Int Endod J.
2018;51(12):1367-88.

216- Jones TD, Kefi A, Sun S, Cho M, Alapati SB. An optimized
injectable hydrogel scaffold supports human dental pulp stem
cell viability and spreading. Adv Med. 2016;2016:7363579.
217- Yang YL, Motte S, Kaufman LJ. Pore size variable type 1
collagen gels and their interaction with glioma cells.
Biomaterials. 2010;31(21):5678-88.

218- Lim HC, Nam OH, Kim MJ, El-Fiqi A, Yun HM, Lee YM,
et al. Delivery of dexamethasone from bioactive nanofiber
matrices stimulates odontogenesis of human dental pulp cells
through integrin/BMP/mTOR  signaling pathways. Int J
Nanomedicine. 2016;11:2557-67.

219- Bae WJ, Min KS, Kim JJ, Kim JJ, Kim HW, Kim EC.
Odontogenic responses of human dental pulp cells to
collagen/nanobioactive glass nanocomposites. Dent Mater.
2012;28(12):1271-9.

220- Soares DG, Rosseto HL, Basso FG, Scheffel DS, Hebling
J, Costa CADS. Chitosan-collagen biomembrane embedded with
calcium-aluminate enhances dentinogenic potential of pulp cells.
Braz Oral Res. 2016;30(1):e54.

221- Soares DG, Rosseto HL, Scheffel DS, Basso FG, Huck C,
Hebling J, et al. Odontogenic differentiation potential of human
dental pulp cells cultured on a calcium-aluminate enriched

yv

chitosan-collagen scaffold. Clin Oral Investig. 2017;21(9):
2827-39.

222- Bordini EAF, Cassiano FB, Silva ISP, Usberti FR,
Anovazzi G, Pacheco LE, et al. Synergistic potential of 10,25-
dihydroxyvitamin D3 and calcium—aluminate—chitosan scaffolds
with dental pulp cells. Clin Oral Investig. 2020;24(2):663-74.
223- Shanhnavazi M, Ketabi M, Fekrazad R, Moztarzadeh F,
Sadeghi A, Tondnevis F, et al. Fabrication of chitosan-nano
hydroxyapatite scaffold for dental tissue engineering. Key Eng
Mater. 2017;720:223-7.

224- Noohi P, Abdekhodaie MJ, Saadatmand M, Nekoofar MH,
Dummer PMH. The development of a dental light curable PRFe-
loaded hydrogel as a potential scaffold for pulp-dentine complex
regeneration: An in vitro study. Int Endod J. 2023;56(4):447-64.
225- Abdekhodaie MJ, Saadatmand M, Nekoofar MH, Noohi P.
Construction of a polymeric scaffold for dental pulp
regeneration. Thesis No 06-55901. Biomedical Eng. Chemical &
Petroleum Eng Department. Sharif University of Technology.
Academic years: 2016-23.

226- Yu H, Zhang X, Song W, Pan T, Wang H, Ning T, et al.
Effects of 3-dimensional bioprinting alginate/gelatin hydrogel
scaffold extract on proliferation and differentiation of human
dental pulp stem cells. J Endod. 2019;45(6):706-15.

227- Athirasala A, Tahayeri A, Thrivikraman G, Franga CM,
Monteiro N, Tran V, et al. A dentin-derived hydrogel bioink for
3D bioprinting of cell-laden scaffolds in regenerative dentistry.
Biofabrication. 2018;10(2):024101.

228- Campos DF, Zhang S, Kreimendahl F, Kopf M, Fischer H,
Vogt M, et al. Hand-held bioprinting for de novo vascular
formation applicable to dental pulp regeneration. Connect Tissue
Res. 2020;61(2):205-15.


https://journals.tums.ac.ir/jdm/article-1-6211-fa.html
http://www.tcpdf.org

