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Guided bone and tissue regeneration is a common technique used in the treatment of areas around teeth
and dental implants. In this framework, barrier membranes are employed to create a suitable
environment that promotes new bone growth while preventing the invasion of foreign cellular
components into this specific setting. Attributes such as biocompatibility with living tissues, structural
integrity, longevity, and user-friendliness constitute the principal criteria for selecting appropriate
membranes for this particular application. Given the extensive diversity of membrane types concerning
their sources, texture, architecture, and inherent properties, determining the most suitable variant
depends on the clinical condition presented by the patient and the specific treatment modality, thereby
emphasizing its considerable importance. In recent years, fibrous membranes have garnered particular
attention due to their distinctive characteristics. These membranes, made of natural or synthetic fibers,
typically exhibit high porosity, which facilitates the ingress of vascular structures and osteogenic cells.
Owing to their porosity and flexibility, fibrous membranes are considered exceptionally suitable for the
regeneration of maxillofacial and dental tissues, thereby contributing to increase bone volume, guide its
growth, and at the same time prevent soft tissue encroachment into the restoration area, which ultimately
has a favorable effect on treatment outcomes. On the other hand, due to the complexity and extent of
oral infections, new nanotechnological approaches have been proposed in recent years to reconstruct
infected sites in dentistry. These strategies, by targeting specific sites and having non-toxic properties,
can help deliver antimicrobial molecules, regenerate tissue, and maintain oral health. In this context,
nanofibrous membranes serve as multifunctional structures, both in the controlled release of
antimicrobial agents and as scaffolds for the formation of nascent tissue. Overall, fibrous membranes,
by mimicking the physiological conditions of the organism, create an ideal environment for the growth
and healing of bone tissues, leading to improved effectiveness in dental procedures. This article is
devoted in detail to a comprehensive review of polymeric and composite fibrous membranes with drug
release potential.

Keywords: Periodontal, Membrane, Fibers, Bone regeneration, Guided tissue regeneration

Cite this article as: Kohzadi Sh, Mohammadi Z. Composite fiber membranes loaded with drugs in guided bone and tissue regeneration in periodontal diseases;
A review. ] Dent Med-TUMS. 2025;38:1. [Persion]

Copyright © 2025 Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences.

@08

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license
(https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited.

1


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

So9ye Alio

(V¥ oyote o) dllio KA 0)90) olpd Sz pole olKuisly (Sl dloro

o Sl (55l 3 9,15 b o (515 )L (R jemelS (AU saeliis
S92 Ao ¢ (JUdgs (GG slonr ;5 8L g ylgscin]

T geme Iy ¢ (931508 Bl

Ol)ﬂ] ‘O‘)‘Qﬁn ;Ol)@' olKisls ulm) uL.o dl.md”hé 9 P9l.c Olf.\ﬁ.;‘;jl.) PR " “l 9 ;i.uo‘).wag ;\m' 5 amb)’i =)
Ol (IR olpg oy cslandy le slasyglis 9 g pole (EASaly (ol awdign 5 (Sibiy $)9ld) (Sbyy (st (sBigel 09,5 Jlutils —Y
Ol e olas (ol ol (glaidy o slasyolid 4 pole HBuSily cilyos] 5 Sol jogn (anasss olfdgLo)'T J9bue

Al ileWb]

oS>

°

i g4

Cogye dlie

VEY/AY - sy
VEPVYE sl
VEOP/AVYA sl

Y YW XVWEPS,

Soe |2

slad)y e slasygld g pole (Sl
o‘)g.‘ ‘Ol).gé‘ ‘QI)QJ olKiisly

(Email: mohamadiz@ut.ac.ir)

Sloyd )3 35 9 b i BlLbI g leyd aulb 50 zly sla e, 5 (S bl g lgscinl oad colan (g5losk
Ol 15y (gly calio (oUab b 259y 0 )5 2 gt slaclie wnl b ol ) il o S5 lacie] oS 4
(0155 3 b (655 b J alo Sy aled 6ol me o] &t ol (sla g 3 5 03,5 sl sy
.\)).)lf [)il Jlﬂ c,,u..:l;.p L;Lm;l.i’..é L'_:L’idjl 2 LA‘"I JLQ)L:;A alo> )'l o3l » C,Jw 9 g},Ua,a s g)lAil.g )l.;‘&L.:
Sl i el i Blod 31 T (VL 55 4 g b delid cnlio g9 olss] 05 oyl 5l g o0 (S
Al s n @b cuenl g cul iy gl dy0e plopd E9 g slew WL Ll 4 (el g
a8 sl opl lon)S s 23 4y 1) ols dogi )8 4 jascie (oled b 4 BU claslis 3] gla Lo
i S, g5 ad Sl 4 o wiman GV 55 ol Ygans Bg o 5 (55 b (oabs Ul Al 4
Ltz:c] 51 daslie &9 [)‘..I Sy Cllas] 9 Jxlss Ol}ﬁ‘ &g b bl o SLLs SaS 5l Obér.;’.wl JL::;J}\.» 9
5 J by Colia g 5b leginl poe il38l ) A s edlitwl 03,iuS jebo &y s 9 S slacdly wue i (gly
Cute 6 gl @l Lol iBly 3 5 2ilice She s pre)i 4l 4 p5 Sl gy Sl xSl (izeen
Nae o, Sgy pdl gl o (Slad slacisie (SopS g Saome J 4 oK Bkl el sals
s dge Pl Bam b do syt ol s o (K550 55 gie gdlye csilosl il (e3P
O Ceodls bats 5l (gilujl ¢ 29)She 1o (sla S0 Jlinl 4y AilgS o Canous ot s Sho (09 O L g
sl JsSse (silo AT 5 wn wjgbiie i la)lislo olge 4 B 6L claclie dialy cpl pd anle S8
b B slaslie (IS gl 05 sinlgs o8] G el S5 sl ) e 4 ob g (29,50 15
cely o )0 g '\;)5"@ ol ozl sl ney g 1y gl Jonl oo (b anb balys (gjlo as
5 Sk SUI laclie golx (guyp & Joadl 4 3ol dlie 03,8 o (SB3lN lagley 3 juie Cuige

] @Bl olaidl o)l (ioley Jewily gl (055008

bl o Colan g3kl ol (gjlejl Bl elis (Jlisg 5 o5l aulS



https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

oo L) 5 (g3l308 Blad

0k Cglim (il 3 o) b ok (IS, i jenelS LI celaslii

o plgznl sl sk @pplen 5 iS5 gy dsbue aee ¢ >
5 osllas o5k (bl Jlis) el (ol ogMe anles sl
Gl ) whe Jolgs alax 5l 55 Cdl g9y sli ool i S
slid oo Al b s jolaie 4 (F) WBlie canlio (glaelié
@3Sy 8l calio (daimmo B0l 50 lsgan ()],8 5 4 526 1L
&l a8 wlodls L ldllae (Y) )5 palyd was il LSS 4
bslis cool p)¥ JWdg 8l oo Car cslio byl olxy)
& Jpoll olgscinl cogii gy g atn £ B F 0,8 Gde 4 Lblxe
oy @le cpl il (8L jad oo jd atan VY UV G
9 03)S oald ol (gilujl ly 1) Sl g el (aldd (aste
|y Incaodgtal | Jsgs s bl otijl o Jobs bl 4b
JWdgs p s cLie (V) A5 o Colin 0d o] anl ggm @
S hy b gl b ol bilid > cél gileil oy
et Sl uslio ) )5l o 5 S 25 pas (570
Vb JHI55 g 0529 gaw Colue (izmen 9 b Joho iS5 g (St
sl antls e 1y (Gt S g (Joho Ol ) g jolaie 4
Ay 3 Cuaglie lyy eSS plSocl 50> Sk I (Y)
w25 Bl b ablis j g (2> Joo jl (B0 SSle slais
Feaslh ol a5l pShy caa @ i Cla b
bl b g dlge Sl opnlply sl o basliss ol ©ljgps dlox
03)91).3 Sy ol olos b g plowl cdn b sl s slie ol
By S39958)50 9 lide jl Al 4 B S slaslis o0 )8
9 7S o Shmr S 4 omie o5 L (Jolo )l S il
O |y (381 5985 dslis pl (VL oo Ngd o Jolo oled
3 550 sk & Slgce Lol (Y ohg o Cole g 33lo 00
ol ogde 4 (F) WS 6yS el BUILis I sy 5
Sl Sogo ]y gyl (mge Jil 5 (HBS)L dgue culé laslis
dw slie lgie 4 oolatwl glyy plplo g a5l oais JyuS
o3 e S bl L g (YY) (V JS) dizeens Jlodl ¢ Jidgs -y
4l 3 4 Jliol sl @2l Sl el 5 p 3 <8l o
@ b a0l dien Cll sladghe 4 g 00,5 (5 Sol> e
e C8L S B 098 o el ol cpliled & ples 4l ol I3

Sy cwlie oy g5 OBl (F) 098 JSUS all Jore )3 pllo

dodko
Sl 2 oS sl ol (oS I (S Cuiony
ales 3 g Bl ol & e g )1 o b JWag e
5 > clagiey jl (ool sl b e ol b cwsd
S gy s odlatwl BB cutdey loy sl Sl e
olow Sy | (535 sle g Ol (28l gl baae (ol pé
Iy JWogsy ady cawd jl glaylidle wilgy o Lol gy o )5 &
Sredl gy & P8 ol clagby) (bl ) S gilosl
P olop lyis 4yl Jb )3yl 5l g Ats 013 G
e b g Sl 0 ol Ngn (V) Lgde ablis
Ll sl grhae (Sloy slagdy, 503 Jl ) (slaygsl
V- amd (V) ol 03,8 dgame |y bl 5,018 sy (sl g8
Slp Gloyd 5,555, S§ lais 4y oid Colia il owdige (3o
g 390 (Cutizg ) 4 slacslon 53 0> ol (Lol ooy
Ay 5l alabloe s SO slul b by ol ol a8)S )8
2 9 3 o (&S ol> odyd ] 4l 09 & oalasl clacal
ool ad clbcdl lojl g ey lp Jlon) bylps s
Sy iz glaslie | coneyy (S5l 05> jd 33)5 o
(Sl ) 29 g0 o3l 5 8l 5 ol (s5osl 12l B g
WLy o 0y elie )I Ly p&b 9 u];.’x.o.wl [XW %‘.\b L;)Lw)l.i
g JWogy clagilen oloyd ;o djlulinl slod)Sgy loie @
b G abol b leslie ol (V) Sloss aslis (59l giidse]
4l 3 4 sien <l 5 Jultol sl Joho ©p2lee l0ad J s
e 8l S Gl |y bl b e 5l 4 5 00,8 (655 5l o0 5
s 1y JT ol (sla Sig 5l slacgeme 1 odlatul 5yg0 (slaclie
A ool o] pae 5 615 o Jol o Sy ol it
5 S8 bis oy GBU splile (el gglre sacdl
SxSsl sl qeslie ol luly 5 cpley 0)53 Jsbo )5 cunbse
1665 4 b Jlon! (glaclie ¢ opimman Al o clie JS5 s )l
Une 022 kgl wl)3 1) o Joloo ol 95 (ISl o g >
0 5 3055 xSsha oy 40 & JLia] sloJok 3939 1 85


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

S llie

(VF-Y oot ) dllio YA 0)90) s (S pole olKuisly (S5l aloro

GTR Membrane

Bone Defect ¢—
=\ ﬂ‘
k— ’
Epithelial and

Connective Tissue

i 1k
il

Cells GTR Therapy

Drug Release at the Target Site

P

Approximataion with
Suture

Drug Loadingl 4

Recovery
Acceleration i
H

H

AN

Drug-Loaded GTRs

(F) 5,13 b o (5,135, sl g Bl o Carlad (3Ll 05w sUid 53 Jok il 51 (Silond prguas =) S5

s bawgs dlgo (48 3) Sy wiilo 55 cmlee (S jop Sl
Sl (ol all 5 0nd Wl 698 (Sjglssd culld (o ol

21059 ol

Olugiss =
S Gy g (s )3l b (anb (o Bl lugis
ooy S laclid o> )3 (i M gidlge Sl (Su plgis 4 VL
U claslice (A) ol 0 w3l gy B ae s )3 0329
Jotdio yorls (nl 3,8 & piadie (olg davly 4 odle (pl jlond ans
Syl 6,08 Cell (29,500 w0 Cllad ()l )
lp Jlonl glacun)h plee 4 Ol Cle (Vb el 5 sjle
b slid ol g oo 43S )l 5 JWings p <l (gilojl colun
lee slp 1) (pollae bl (Jlud s j 5 (g 4 lazme ol
e WT8 i e g 038 ol b g (sl gl 155
Sty g0 gy |y Jpgll gl g S92 S (3Ll 9 Ly
Cogby bais 4y logaS 0 Ol (YL Gl caold opl s ogde (V)
() Sl Jurens 1y a0 30l 3 5 03,5 oS a4l
slog)ls g ady Jelse (2m)a5 Hale) Cobl baslic ol puimen
s by ployy isu il alg e 4 Wby 1) Gl ws

Colin g (Soqd dw opl ool gl LUly p daclie cpl célo
0ol i & o ghame (sl yacdy il IS b ki3 3,90 (sl Jolo
ol slaan S Vb plyd 5 ol @alats Cubl clio (Sl
daly & arb (sloyady < Blie 3 it el ol il (gl
oy 4 Soslsn slasnlp s Uy 5 3l Canss
il sl sla o 55 {A) Sy giae ceslie (Rl
Age b (o 5ias 5 (b lajordy Jl (55 45 (G jousls slaslis
@y o gl (e gllie S 4 il Sl cun;
o SlaSig dyed el ol § K ol 45,5 )5
lagleys Cudbyo g Tl o conis )3 g s aslid 4,1 (3,8
b oy onl > (slod s Cligios iz I3 b el (jlusl
2 ol Lis Glbap)lS a5 by olsd d900 CBun
&S ol el Elail pwyp o]y sl plodl b pd (S5l

A daled sl (58 o )8 eolanl 3y5e laslie pl ca b gy

JU3g2 32 (yloyd (g1 (SUI lacliis Colw 15 ) (Sl youy
b sl yery -
Al w e clio Slgagy plyie @ (b lajedd
ot gl a5 sl e bl o el 4 ans gykle
s (93lg0 b LSSy i b aliio o5l slassly (lyls o janly

GlS ol cals ol Ssdie <8l o T ol 3 o


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

iamo o5 5 IS s

e 0l Colin (giloil 50 gyl bodds (g )l8,L ujemelS SU slaslie

Y5 -

2 a5l G g (b york 9 G plgisa (8 Y
w9 390 JWdgp S8l ey ) oy 4 (8L cwdie 0jo>
39 4 ypaxie <S5 L e g ol cul w855 i
bie balyd (am o aSed S5 ol g (gl
5 855 ¢ Sl gl 45 25l 0 ool Jgbo )5 (1S le
Y3 B ol (V) ol sl S5 sl sk 32les
03,5 Lo |y (a1 g (sdio Slga ol (Sl et BB Jxl55
Sl o5 sloa] B (sl ) (asllas bamag o i cnl 4 g
b wilgs o sl pl & canl ooy flis 31 glaadl oGS o
@ & o S lsm S JUSew 9 45) sla)gS ()85 (sile oy
LS S8 ey sloan]p So 0 35 g o3 g Al
Omen (bedpon b bl 4 5aY) J ol b (VAN])
4l jolaio & Cumgg) Ol e (Vb £ g omb (Sl cuaglia
5 (65503 o jody b 5a3Y5 oS 5 & o Sy o iy o 2
L33l ) o8 IAES13 ;oS g ] SpSelS Ly o] SIS L
5 b Can; 4l 03505 g |y gl (Sl ols s @
P98 el 2 ogMe (V) ol onpid )l 5 1) e g5 J S
Socge el aslie pldy g9y STl 085 > gl aile  J31)5 b
Pl e 3 Chsis o g eud gl (agSie w6 ol
NNYY) sl 55 5k>

el =
(b il pl GonSan ole 3 939800 Mg il pl £S5 dlex ]
P @ Goge pSaeg ol g9 )l ohugt el £ waa ! U
GBI sl 039 dogi Dyse (S) Adu Hd D5 5 YU cuaS
S5 o 5 o B9 €5 9 5 Bles (5390 S
2 o Sl ) iyl glraiy (Lol jidle (g b a5 Kiloddds
ol b e 5 0o Gl sladS IS o) e Bl ol (XY)
.J.}lo.)y 4>‘9n d)lf)l.w Cows w)z.) 9 uLQ(J‘ ).JaJ

oXin STy n 4 (Siglm slaguly )3 ohag 4 o8 Jila

Oy ) Bl a5 Wilosls uLu) ).9] Olalllao .L.:TL;c D99 Ay p

O3NS -
54 wmas e BB g b slaslad (SIS slaslad
09 g e )y il g b Ssd Sl mlie I plaise
Jt5: Aivad 8l 5 5589 4T £ IS (V) 9 o0 g5 ]
loslic dnwgs )0 (glodyins job 4 o pen 4 g 3l 2929
Sl Sy belis cplcanl 48)S )5 ooliul 3)50 ()l (53N
9 SeSlgas g Sliwgor Sty (6)5lo Cumj Wlo lojug

St Ll 1) Sliwgen 5,b 5l 035 maeys Aol yd 3gap0 bl pimon

J3gs5 <l g5l (sly conlie (oS & 1) gl o olj ol

Wl 03,5 LS

o8~

oo g S5 lyie s g glytel 053 5 &S (035 (WSe
Gl o) )3 ogad & (Bl wdige dlej O 0diS gl
JAL.) L)‘j) u9ﬂa.n dlﬁjﬁs wl o aslud :JL..JJy)J
lide 5 ()l b (anb s pd 45 (Jle )l cunj
S calo il Clia oSl ]y (g ol ndy w8
ks & oole () &S Wm0 b Slaass L(VF) Cuwl 03505 i
035 gk Ny gyl & 4k S Jas o) ol plgis & Wl e
o 5l el el giloil 3 85 o) il e S8 3
2 ol 58 blE 500l sy 5 uas 5 By pad o Dlas il
Jds a4 Jb ol b (VD) cuwl ond S asuie ladie; oy
sl Jolo bled & oliwd (lp ) (o9 Sagdgyin
b o ’YW Wadgdze Cpl pade jolaiedy .3yl dgng oo il
90 S ol Sdgyellin b lwgis ile  Ldgyuun (b youly
ol b s B sko (dlp (T (o pdy 3585 5 ()3l Conj b
2o b ol Mol cublB g (455 38 4 pastio sl Shy 4 4255 L
SU glaclie colo sy (anb B9 ol 5l Ol dypedy
Bl pao 5 AT )8 g 4zl |y Joke colan ol 4S8 ool
Slcwnhy flae 4 bslie pl (V) Ll o Jurs |y JWog p
slodols 2S5 g 08y lp cwlie oo g 03)S Joo )
gl o0 8 JUags


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

Sy9ye dlas (VF=Y oot ) dlli YA 0)50) s (S pole olKuisly (S5l aloro

0Pl a olendsSsd Sl Shy nl p ogde 3,5 ol )3
Lo 25 phb s 4 b coglie 5 jhis aile (Sl
Slaiod (Sl pr LBl aily Gl w odle (09)Sos (slajls
dge U sl €y Jbo )3 o (sl poslysS g b jordy 5o 09> )
JWogn sbpley 5 (Sejglom lalae ;> odlitl (sl aige

(VYY) 5,5 41,8 o ywd

0¥ YRl k-

S sl SGBl gy o8 Cann ey S SV L
By G ) hlises (sladize] 3 (535 4 yasdie olys bl 4
Shb e ool @B S 5wy e (Saples
& Vb (g pdy Slasil g cuslio (60 3985 (e ()}l Can
Caol 03,5 s S slie calo lp ST ol ey S ) o]
(55 B g 6yl 5 gres 5 ol Mg djm L S Ly
bl (Glul 5 amey Slgs dus 3 lold edliza] bl
Ol 09 YeRl  dte  sla S jl (S el |y Jog
4 9 WS ol W sl (Bl Y gase o5 > 0 &
o529 4 Canold ol (YY) 310 &5 Jlub 1) o kame G5 (]
ol Sl sl o3 ol (ilujl 5 Sd slalon lop
5 Sulle pled Wlg o e ple b Sy 0 ey oyl
(V) 25l walyd 551y s poslas (olowidsS

Al SSY L -

& Conl 325 JB g )55l Canej oy So gl SISV L
Crl D9 Mg St 9 0 analis wile gy w5 @l
4575 0l g 01 Sl 03 4 ol g &2 (2 413935 o 53 yesky
0l U 4 )35 (o5 sl 393 I e 4 )le b 933)5
s Olye 4 el SV L sogl 9 e 5 i Sl
330 Sloypld Glapians 5 Ol (aulige 53 oS Jloal 4njS
SV Ly U b slelid (sblpe 5 (Y0) 3,5 oo 3 o3liz
oSlas g ol 0951 )30 5 SIS St & Glee e
0Pl il die Sl g VU (oled o cuslio (Sl (pols
(FFAV) 55 0, (o980 sial 8 (sl yielly i

(VYD) aise gm0 |y (g BU & (Soolom (slageul Sl
il (S5 Conj Ao 50 Gllas 03lo S laic dy wals ol (459 yuud
N (B3l ) Ao e sl Shy b 1) g
ol Gydy GBS Canj g Ol B g ST Gollan (s doi
oy B ) s 4l (gl plo o 39300 sl canle (3
Oyl s (olog il (o3l slaJolo ples g Jlasl ] e &5 oty
&S s> ) 55 1y Canglio g plSominl I (lauel Sl S coles
slid (Blgyd jl g 00,8 a8 gzl 1 (gl Lab Lo 4wl o

(FIY) ules 555

Holoo =

Col a3 VL (J590 (139 b 2yl b (5 0lsl3 sk
oole gl hilign opid BB oS T ajn b > en 4
b olond glio 1 doop)l5 51 (ool slusi (gl (glod s ysbo &
ko Socllins ) 55 9 p )3 98 o0 o3kl (gjlogyls 9 2138
O 9 (sl Caoglie ¢ gt ¢ LS Sl diile (> ol
Sl s 5] ote slemer (slbisin & S o sl |y Lelow)| olys
01 gyl (o g ikt Slgo Co gl Hlate 5l (S S j Slaal
3y el sk sorlis g )5l cons s 4 8]
9 Jobo Jete aiile Polu wlitde (VA) Wgd dletiy jo (Sj
olye 4wl odomy el Ploul &8 Sloj Pl ol
S laslis wile (Sidy cuny sa)l8 Gy plbcnNile
(VAN ) 2535 o0 g lae

S e sl yordy =
Slgager oSl 53 yody a5 Canj (S giuae b (gt gl yorly
sl 1) Sle g @S o Shy bl wiipe Cox
olie G5l Cunj b b ey cpl idb o JWog 5
G555 4y S (6,8l Gl clacil s el sl ) 4 sl
izzen hles a1y 290 3018 (b 8L b lal ol oS
ol Coodl Pl Gollao (b 45 dlgo (ol odd S (6 pdy o
32l ey ol el 5 Slas odlel bl il (B o (55 4
Lt b Mgl Y slad b aisd Bls gl @l


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

iamo o5 5 IS s

e 0l Colin (giloil 50 gyl bodds (g )l8,L ujemelS SU slaslie

Sge dngls iy (slaygiS B oy pla il fuwj JUb Slga
S 5 b (rlaw lagide Bkl 620 syl g Sslpge
(FF) 22,5 Gl U b (gloeliss "pgu " o b J5SUges
sl Jos glo o plyis @ L & bgm il cnl o ool &
Pl (o bl bamaja) sl (Sjslan S8, AL 58
WS (o a5 35 1y (3Ll el ppimen g 2 (gl (23 S
Il ol 1 clogls 5 oS 5l anle ols JsSse (FD)
(F7) Sgd oo oial Gloyd gl Sgue (sly (S8 Gloy yolaio 4
@ Cond & 2blie > 4 gl (plie )3 Slojg)ls (slags sl
05 & )y sloanlid ang wiad o ) i St (Sluwygyld
Sgee glej Job y3 oad Jyus jlaml Jold Llje cnl ilodys”
@Bly 2 (YY) cwl oo 5 (Sl 2)lss (2K 5 slan Bl
I ol) 4 85 K9 opdglie ot ) 4 ()90 4 1l Slgegl
@baanad (SUI b slis 3 a5 Bl g8 b b
slodSlas > gpibllsl Vb a4 maw Cond een
b il e 4y i plSodtal 5 (e (RIEL G g (e
ool )y gl ags 43 g oo sdalie $b wlie 4y 9)Se I CBLI
0 s SrgS 3lin g YU a5 sl el o g5
il i (655 Mg g Ol ddaas b oledy)lS (sl ) Lol
loelis 3 oatiSyy gl lsie 4 b b &8 les Jlo ol b
OFred 2B Shy 9 4Bl Wl JHBS Wy S 4 Sl
Il ookl ()l 5 (Sanls ply > Cuoglie plSoxtl ¢ i
Sl i) (0 Wle o pizred Waslie pl (FAFR) b o
g kel b e slacigis g oyl I (36 (2)lge iR (4l
“B)5 )5 & plozal (BBL (53)0 (e | Jols OIS ) 55
(D) gl
Uil |y Cigie s dmelié ol 4 obySl 0 Slge g5l
e 2ol b luS 5 opl diSu o @ 1y dgute Al B g ool
Oloyd CudsS Sgu0 & «igie | (6ol 9 Sk 45 (sl canlia
5 oSl 45lo (g3lg0 5 (8)) LS o (S ko SV oo gl 4
@y @z obosdsSijd 5 Wl Cunj ol I 4 i
So gb (Jle pleie 4 iled)S Gl g8 a4y 1) (gloanli

02l il g 29500 oalitl szl (3Ll st (sl oyl

S g b -

and iz Gde 4y &S Casl (gt yarbign o S iy b
Foas g b lapedy K05 L oiglbglsie pody S lgie 4
oy dguty 1y (loyg s i 3, Sloe U dgi o 428 )5 1S &
Ay 335 (o 5 Sl Jeag (S jg)aen sk 5l pesds cnl (YA)
ety (b AL psite 203 WAL AL (0 Sl o & Sdgpan £
(TR) 2980 wails JolS 5dg)dn 9 (S32 Mgy g5 93 4 JSUI
Lol » 09)'1: 9 Canl Lol ‘5)9.[{ doud ).)Z&L» dl)l.) o3l O’]
L3l Casgd Ol g om0 G ol G
FB oy cplply cams o U3 395 5l j (93 (Sdiam) bl
3 g rSIl e (S slaslis )y odlinl gl ey
.(\“5\:\)

yorksS Sl 9SS~ SaSY -
9 5l Camj Gpoly cdal SIS -8 — SN L
W b jsb 4 G 0 SGl dbuly 4 & pdy G B Gy
odikee yd 0529 & (S ) el gllas (gl S 4 29
3 Moo yhg (S G cllizre (gbolSiws (Cuwl odd s by
oS o Bl Canj s ol Shy S 4 sedd o
Oloile b 3590 3lge Cand 13 camlio SSlKe Lolgs g wulais 15
Ol yealy sk 51 B )gl yadly cl (FY) sl a8 551,58 510 5 1ie
of el g 3930 o SIS sl 5 S il ogige 93
Stlie Sl y9p0 (s @il Jlb 5 ol a8
Sl & glgiee SUI glaslis calo dly yordy ol oolil
B ©pgps Gla g o 3 o5 clbl o slacdb b o (YL

¥Y) 2,5 o)Ll gyl o IS iulay HSG] 56 9 dazee

sl S laslis -
ccalises dlgo (99381 b (b jarelS BLIN Slais (slaslie 5l oalatal
o &S gslis (Slb sl (a5 (SB35 5 (098 (6309,
5 A8l ond e o (Sl 5 (S Sla Sy on Sialen
bl otle 4 wles 0350 1y (SKigdsm slad il loj oa

‘LmuJb L)"‘ é.'%) 9 laa] L)"I 4 L;:L.u.ui dl).: g 0D J).Lu


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

Ersye o (VFo¥ Cpane o) dlio XA 090) a3 Sy pole oKty S5l05 aloxo

S ob ol b bge 59y SWllas 5 (AL o gy @l
9oy 2 JB ygbdr g aim o byl agllae ol laslis
Wl g WS (o Jurws 1) JWagp b ol ilujl
Siloil laslie (gl gloaiS Jlanel slagp Sl Gy o
(@l Y JS5) Wb a8 4 Sl il ok colin
Lojghate dix Cojorelisl slis G g (0F) l)Sen 9 Xiang
15 ol 5 lj olysanl Loled syl et 4 sl
Oy $b g mtopl Sgpmd Jold a5 238 and Vb (295

Al o o] (S g)aumgil 5 (595d0mS]

R Gn - (<)

. A / /'\ }
£ | \ "
O ¢ \J \ \
J
_ ()
4 Antibacterial
nZnO/SF ;
g, antimicrobial layer nZnO . ,l"'e
c SGM st
c 4
’ dead
g_ - @Ma-/ . , o
2 PSRN ™ o SF ) -
g o= osteogenic layer ’Q\ Biocompatibility
8 nHA/SF \
s
{ nHA
SGM\ i\ i | osteoblast fibroblast
1
ot i o
1 8R4 3 i SGM
Gum flap / ! AN ¢ .~ )
’
i / I Bone defect "y,
- .
i 4 . Brain side
\ /

’ Osteogenesis calvarial bone defect model

L)

] S5 A U ik () Slad p290 =¥ D
(80) QlwgisS [ dlo 31 pd 1 yStesl (5HS = iS5 Conmn3 (I i
8 yglike Wi CujoralS il s Ui 32,15 9 3, Sos o5 5lw 3Ll (<)
(67) (gl and

2 59salS b slie ol aS oy lis O wles agls ialesl gl

S5l ogMe 9315 (wgd Ol (l5m 53 (655 i d9ate (S

s b byme (OVOY) el syl (g sl bl
Foe ooy Ko glyis 0 5) 28T g 0,8 ST aile (09)S00 15
o b g)l> x> & pglie lajosly Sl lodyins b ply 5
Sl o9 Cuwglin (yloj Jsb jo ailgi o o g8 &S |ys el
550 e (Gete slalon J (S olerd sl el al g S
Pl las Pl G398l Gl Sy ey (BF) 23l

Dyglige bty Sy laclie

Cll S5k sl el B (slalic -
0diS cules logainl JolS (gilwil (JWogsy oloyd Ban
olo gus Cuol Jlodinl pe glacdl 315 5l oS el o b ylid
oS Jb 3 3)logrg (Jb Slop laghy) 3 0jghaie dix (ewe S
osd A lid (S 5o (sl il (lsis 4 Cll mSgae
ol 3 ezl Waw (gl (s ; (Suolpuo 03lo oy 45 Jolie un]
gk i3l 5 olesd S5 Gl & cusl Cll uSgyum
dlge 31 K> By ] S adlbe Gl alie
Cd,S a5 gy Jled a5 dlgs lais 4y les o 1y ) pasadS” (S0l o
ileiee Sty ol Wby 5l a5 cawl oad ()15 1
ol Lo yo bl " Slgsenl colin" cunls 4 slge ) b o
g 2a25 0dlo pdaw 50 A o ojlal 1 )0 jlulesciul Jolos 4y oS

(0Y) S @ lpe

Sob b el Ao b mjenls SUI claclie -
wu S gy
Sloil slp & kg IS p (e ()8 slaelis
b Sad o oolitwl JUdgsp (slo ol wpaoyi > Céb ok Colin
2 Cudgdzme 9 YU gladsja o B SllaaMe yomen ola il
Ohar 5 Li ¢ JJs pod 4 b dalge loscinl (gilojl cud b
odd 5l sadgl Sl 3N G0l dawg | Sdse wbl oS )k
il S b 0 g0 logiS b olyen ols oty (ale
b gl Jomo (5ol o8 355 15 A o Jsbo )l e e
Wled SaS b Johw o5 el led 4 g bl Olawd 5 paanlS


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

iamo o5 5 IS s

o Colin (silugh > ob b ers SISl GhisedlS S Sladlac

S (o Joo Bdlxe laie gy ol 1 g 398 b Jobe 43, I gle
ok 5 Sl w9 )0 o psigSee o(O) ylSen s Wang
g ol sl by Sl ool L 1) sl SSY (L Y (S
> LS ()9 000 e 9 PSRl d9000 )3 (rsllae gl & 15,8
s oy ol Wl collaSgne cldngnSe Caw
Cuoww &S (Jbo 3 wles Cogii ) 2l ol b basye oSy n
S oo Bl Jsho (Sisaz 65 5le Cebl anal S5V
5 ol sl SV Tl S g0 clad g See slie
Sfdes lY g3 sl g ol Lt 3935l 093 (SSe (ol
15 il et el 48 5,8 )1, So3slom o Sy ogllas
o g0 el (S o (0) ) S 5 Zhong (cill ¥ JS5)
SrsS 36lia b hao¥ ol 45 1558 ol calie Jolio b Y 43
Jbe b gl 5 sl SUgSS —spsl SV (L SUI 9L )
ol gl .l el wSgynn gl @lyd ggls cudyy Jodsie
2393500 13 e S8 36lin 0151 b oY 3 3blie o] o5 45 o
YA LB Y+ odgizee p3 (555 Al ol b &Y 5 yiog,Seo V U ¥
rmen Ml cusle ols 358 sl &5 sl yiegSue
o 8dae (sl olid ol o 00 ol Whe ) s slagige]

2 0 0 Jsle ()85l g Cunl Gollas dian £ U ¥

ik S 5 jles 929 g MC3T3-El elaJsbo b g3 ko
Ul izpen slid ol S0 25 ) Syl b Jobe
Ol |y JWag 5 deomer el s Je ) Glpinl S5 g
Sl i el Gl ilujl 208 lp 1) o o ams e
Il sladses Cliie O Jpaa (e ¥ JS)
S b el abe L sl SUI claslis

sl 003 G)l3S gy Sl e 53 Cil] (S g0

Sob e el Abey b ujeels U glaclie -
Coibl (oS g0
SSY (bl Sy slie (oY) ) Sen 9 Arroyo-Reyes
Able (Siden bl wSopnm g U Jiby (el
b oye SUI jgds orimy olis slis ol (Sjgldyoe sl Shg
&S Caol jioglh Voo B Yer glaodsd 5 jiegil YA+ lawgio b
35 3B 5l Sl gl wisl o cuslio (Jobo iS5 (4l
sl )3 o pody oid St (dlinl g (So55lgm o] (ouS gy0m &S
#N g Sty Gy elie b slid (e )b 3529
2 bl S gyam 38 (Il whe &S 038 el Jsle
Slge dl SSY (L adbe Jate 5 Glosal cdl (gilejl:

JUSg9 31 CBL oy 1> il (o9 000 (G9l (crmb (6 youy Ao b (o 5om0l (BUI glaslis I oladiges -) Joso

& & 29

SUil Jse Sl S g Srous 4w

Bl g )k -
M8 o5 =
ok pled gy =
Olgzel g3l =
ol =
Congj baeo b )5l =

)'l 04U Clpw' ] U)MS -

O Oan ol gb-

. 295 2l
O 09T bl (S gy

Ologis -

Jsdsie (sdm duw (Zogbile (ilpe alube Hlisle -
9> Ol dgup0 —
() ol 5,55k -
b sl gilo Sl 5 jaled ial8l -
(529,50 15 Copols D90 =

$9)danST lyd gl —
O O9R T ol gl - ol gy —

wu S 9y



https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

Ersye lis (VFoF ot ) dlis XA 99) (s (S pole oKl (S5 alowo

e 2bpSh s ST (SUI glaclis g 03,8 Cugii | lgstal
oSS gkdlinl 5 IS Lyl oSl 0 e AR
o3 (LS (o (93 Slalllas gulis el 2 09Me S 0o JUb ogd ol
&S Canl gl gilfls > 4By LialS o VSl a3l
iloi e sl 1y Jagsy slapley 5 slié ol oY sl
Cuannyj Sy duo glosldie wyp 4 (FV) o)) Ker 9 Dhinasekaran
B Jlb s j adnd SUI S a8 sl loseial b gl a5
b sl claayy & e 4y slié oyl wlodd S 38
Slalllas it e 8l g bl S5 (5 4 4nd & Wgd oo
ozl gl JB 55 Jlb o) Ayl 3 a5 amd e oLt
b Ltalsdl 4 oS Cal Jod BB g o 5 colie Sl
I olsudy bl alis ol oMo 4 bl SeS (w
3 bl 5l eolatal aejY oS Wls 0 1y b Johe iS5 g (S tiewe
(slatiges Az X Jyiz (5 J5) Sl olyital €l iz
b yodly 4o b Jlb G (900l (SU (slaslie Sl o308

Col 004 O")‘)f J‘.’b)y)) u&b SV

Biomimetic

Structural mimetic
. Sl

—Collagen
& HA crystal

Collagen/Bioactive glass

. membrane
Bone structure i

€

Ang’igenic

Hemocompatible

W U oo T (S S iag 5| Sl pgaad —F S
(FY) Jlrd Gy dnlind 9 (Blo ol 51 00d A

@S gl (gt (6 yorly Aoj b (2jgeelS (U slaslis Y
Jib o
M Bl 5 el gla SRy b S slbalislegl
Sigdsn sbedld o (SSle ol d9mn lp (oot bz
(FY) ohar 9 Xu im0 &1 Hlgseinl cdl sl 5o

Sl b b lind (IS el | slid (S Bk

13 o 4l sl psS sl (gla Jshas (s |y (6l 3guge (55l
<l il lp claYe slis ol ety onims plis oS
sladiges Olije & Jgiz 3 (0) (0 F JS8) conl Jiog
B9l (S Syarh o) b jaelS SUI glaslic Sl (63,8

ol 0 ()55 JWgs 0 L ey > Sl S gy0

(<)

HAp membrane

= Isoaten
R
y

*nHA

macroporous structure

osteogenic

dense structure

occlusive

T g e el s () Sl s Y JS5
() it (53003 (812 5T omsilSin g sl SISV Sy
(D) a¥gd 0uwd o 59 51 sLiid ()

9 SasS o3l L Jsdsio a¥ 4 (5152 PLGA JIA oumm 39 S1)
&2 Call oS uud 1,5 95U 7Y+ gPLGA /Y0 balso o y9 58I

(U cand > (Slgpinl (SUlwy Y o

b Canj @l gols (ujspels (BU slaslis —

@) g9l (amb (gyoddy doj b (jopelS BU glaslic )
Jb e

Loojslaie s SUI g Slis S (F1) e 5 Yang
Phb gy Ol 5V 5l SlaY 3 0ud (151 el b b

C8l oy 6550 5k 4 Sl b 9 S 2N g i in S


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

oo L g RS Blid w08 Colia gilojl 3 9o b odd (55l (ujeelS (SUI slaslis

JWags y1 8L a5 )3 Sl (oS )d Gole (530w (5ol dinnj b (R jonels’ (ST g elid I (lraigei =Y g

&0 3T

Ui dse bl owSg e £

& oy de

GBI o alols s 4 YL Jodss —
s dlga g b Jsl S9d5 (gl camlio =
Vb (Bl G -

wu S 9y =

&) sk 555 il - 5 om-

ol (Jb o -
ok 2led 3900 =
cwlie (Sl (6ylub -

Sl

Sl SSY L -
JSI g -

oAl JyuS )55 g5 -
ok Cuous pae g (6555l a5 -

(8A) O O9r

Sileplgzel ggy —
ollacl (Jobo (S 5l 5ok -
e Sl old 5 oyl -

o Jg:959,50e —
Cill S gpin

Sl S8V Ly -

caliseo (glaojlul jo (38l b ayY ey sl -
Sl So o8 Bl b (Sho L3 Y )
Hin 4 5 ol (s Jbo 355 1 5,5
S Jsho 398 Jupees sl S50 Lo b

(63) T

(gl
YU (s )65l =
clie G 50 Cas o =
Al dgu0 (gloglgziil cud b —

S 9y ©lyd gl -

el

—5—SasY L -
Sl SJgSIS

JU3gs 1 S8l a0 5 )3 (b pouly Ao b Jled Sy (5900l (AW saelil I o draiges T Jouo

&> 9 byl e

S "3::.\;‘5,,;

& oy die

Sl @l cons -
slbo (SlSe ol -
JLyst as cools il38l -
() oMol 8l o i - & 09—
ol Stz il -
Yl ol aulsel -
Ol oy ials -

(ZIF-8) g o, ol —

0S¥l L -

Y5 -

SeilSo WSl tlshl -
wsllas o> o -
") b o 138l = O o9R T
oo 35 9 (S dim (alji1 -
=l Olggl el iljdl -

I JUb o ais -

M


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

S Al

(V¥ oot ) alis XA 0,93) (s (S pole olStils S jld dloo

2 laslie gl 3,8 il & 5 olis 1) Jobo glocws
F s (o0 JS8) WS e b 1) (S o) clodise;
JWb Coj eeels (SU slaslis | (00)8 sladiges iz

ol 0 (3135 JL5dgs o 8L pae )i 53 (S5t youly dinej b

ol (2390005 (S clis (A1) Slowd o guad -0 JSS
(PY) Soliansd S’ (555~ 31 ghow 55 ¥9 18 by /Ld
s (JSUI iy by 00 2 b = AT L it pgreie ()
(F0) (SW55145 3,8 33 (g2 9 (31,5 capmaST (53 ol

2l Lo IS A slaclis -

Zoyd &y &S Aty (ool ! (bl ond colan gilosl slaslic
g 03505 SaS Cuidgy y pd JWogs s (sdly g ezl dgus g,
SS Jes oad S Ll b gy sl ol laie 4 ailg5 o

LS50 dSiwgie (g5l SUI 9L (FF) o) SKon o Ezzati
Copde lp cdl s culin gilwjl slaslic e o |,
Glsee GluSp boslie g9 90 Jolis a5 W) sl gy
slosiales] 33 (558 b 5 S3H-USN Jiizg (L) 5ol

VY

e 22 5 olyial (Sl dpl S L e slnidz
39 5 kB g 4 (bgy ol 3,5 Al 01 Ol 0ged 3l e
b 2,8 KaS wgd Ol Lol g sl SSY L Ul e
Jodo g (it plSouiwl Liolidl cel ogules” bl oy ol
bwwMygiivn] (Suims 9 8513,5 addpMol glaslic j» SawY
sbeslie Jupsh ao 5 Sles Sandsn dee (25 b 4 )
4y & sl Cuns 4 S5 g o)laliend Cpso 4 i CojglS
il o0g5lsS bl lawes o slowl oI5l v il 3l 51 56 Sy o
IW5 ujesels S slaclie (5Y) o 5 3 Mahmoud
o s 2 238 35 Dlaund S’ (5 1y (g9l> 155V L
5 Mt CSleiSs g Jdsie (61aSs (ol Waelize ol oS ol LS
slie .l 5aali GLIL s 4 Clawd pedS g -
@bty gladshe ;25 5 Jlail Gl cage SUI ujeels
o) 35 ik S s 5 g sl ) gt il
2 Slhpuojlul by (alds j» lescil (g5loil )3 uiseen slic
slp clie (Glan S plgis oIS sk 4 392 e ge demex
e (Ao ) 15,5 Sl olgsawl odd colin (g5lwjl
Sgd o bl (09,50 15 5o Jalge plgic 4 0)8 3 9l g 0)8
(F¥) o) Sar 9 Chen .36 40 oy 5l 1y (g3an20 (sl g ,3SL Wiiles oo &S
izl g JSI g (o 50 0,8 @lyis calisee (glacdale oy b
B 205 15 jselS U sloclts 55 515
Lo clad )i Slyis 59 dopd O JBls 393381 b 48 dgs o] Le
O Cizmen e Gl (w2 BB sk 4 baclis b S
5 S L 1) S glaslie oL Sl as ol il (il 8
oo 5 agb Suws Jlil 5 gyl ad) Ll el
Dlbey (6yskd (F0) o Ker 5 Chowdhury .ded acuiis,
il elie gl in S &l us by oo drwes Ban L 1) slic gl
3 poslis Sk JSUI ity (b 1 o3kl b (gum g Sl 32500
logtyy b gl Slasuie 5 $05 i Gl g GBS s
9 S 5550 b Bl g (Ren laclid @bt )5 )15 (o)

Coomw 3929 pIS g oy yga> 5D Al L8l oL Sl s culld


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

iamo o5 5 IS s

e 0l Colin (giloil 50 gyl bodds (g )l8,L ujemelS SU slaslie

JU3dgs 1 CBl oa0 3 )3 (G 3w poudy diaoj b Jlod Cunnj (st jouolS (BUII saslisd I aLrdiged —F Jgua

&P 3T

byl

o j OIS S yoaly 4o

550y yuasein i3l -
YU Jolo )85k -
Slle olgd ial8l -
$Sidgn sl iolidl -
(Slozeinl colan) 58108 gl -
by as -
YU Jsdss —
(*v) Al dgupy wgd Ol —
Y s plSoinl —
YU Sl Jgdo —
bt blusl coll -
Yl Casdlogiinl S g (Sl -
Ere ME G (o Lo —
&9 9 @ b8k s 5 Sles -

3 o gagilsS blis -

p duwl S -
o Olowl a9.e‘.§ - - L;J

Oo9rT

ok Jlasl a3l -

(oo 35 aliél =

il Jlye il 38l =
Sl 0F ol Gl -

;-

i S 55 -
OFSY 98 L -

Oo9rT

o) (g o) —
(#¥) ol (St Jis! il —
bk Lo lac i -

O o9R T o) &Iy b~ S g b -

Sl -
Sl as culld -
(7o) Coows s =
YL ploinl g (55lk -
JS” BB s -

lS‘.‘rL.‘.“_
LS (63 poslis —

o815 -

o2 T

SN Jezg k=

O oI

ile olacSige b1l Sy () B JSE) cal cusidg
O3S (Sgie WS lSewsine g OmleSslg e (Jojlasg e
ilgo Fhe goreys Slilas 5l s Sl plye )3 o) slagp s
Conl o Sign 5l (g9l sla s yues I eolil (b ol b
29 e b Sl Bl 3 (SUSKde 9 (ool glashe Sye 4
(V) o) 9 Brimo .aules dgame |y (65lojb sl )b a5lgs o 48

Sl gyl calises glacdale b SUI gb obaaSids 5w

Y

o S39 S b ol 4 3 Gl )l (53l AT 5 (landisn b
Sl 5oy 0 e a1y gyl ond IS (il Sl g wls wlie
90 15 Sl g el 5 g Slilel @l oMoy aimd e
ol 53 28 106 gy ol plp 1) gl caslie
Sl By oy V0 Cte &y (ulSiuwgine a8 Dl LS 5 90 adlllas
sar Bl ol b Ol 1 (GBS LB codle a5 350
Slop o oolial gy Wilid ol Jaaily [Sily o5 am el


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

Ersye lis (VFoF ot ) dlis XA 99) (s (S pole oKl (S5 alowo

SBUI a8 ol plis gy Hlaml claiales] oly li o yeuds
ks o5 Sy b Gl Yk Gl )y b oead )lS)L
Cuiidg Gloyd 3y90 > wollas avx S a5 Wdgei 1) (59, 0 1)
&l ol 318 (gl i pslaie 4 il e plsie 4 (50
) S =) = — (] SSlS — 58 ~KSY) b

i Aoy Olgis 4 Jojlugyie I sloe dpul SV = JI-03 - b
dlm;':d?é:— QL:UJ b oopSida Cas u.S); L}:’.I .J.jb)f ool
o3l g e ol jlasl b Jojhusgyie A3 (sl b ys
25 Cags 5 S 16 clld Sito gl s b

L3505 palyd |y Mgl

9550 15 S DLl g dlge (oliand 9 (o368 olt (o)

0duli8 ials & e SUI b claaSd Ll o plodil bz,OT
by s basl b e S b anslio pd ok sla oSk sy
Jenily egyls b oads (6,135l BUI L snbosld yidey (slabog o oS
Judy by (JUT I8 el g8t Gis e bla cubl 4
5 Ferreira .5)l> b oolaiwl o Cuto sla Sy 5 S Jolo
oS3yt 3 055 e o i BN L Sy (FA) S
3l AT el (e lgie 4 Sl oo bl ghos St Sy
ooy slie ) olitl Caa Slozn Jeilasrie 5 Jojlsge
9 L35 5ok dows Lagyls b oad S5 B s ) as Jldg,
slooyass g Jolugl dag)ls oo 3 1) sldlasMe LB ()50

- In vivo Evaluation

Electrospinning of Bi-C
Minocycline-Loaded GTR membranes

!

Mixed Sandwiched

Nanofiber Nanofiber Subcutaneous Implantation in Rat

™
N\
\

Minocycline-
Loaded GTR
m-mbam

Diseased Tooth

! Biofilm

Prolonged Armbumc Release

Inhibition of Pnthogens‘ Growth

15-day Drug Release W

PLAEI) SN P1A+NaF/E100

~.___Recovered Tooth o
@ )
d 2 - N
(d ,3 O P —= Perlodon(all Pocket
- (" Periodontal i Healing
El \.regeneration / ¥
E | A askpdan 3
Bone ~—-l Bacterial \ 4
metabolism clearance 2 \
Power Supply J ‘ : AW PLA/SIM GT/THY
o : ; P
A on 1
N‘C“\Cm v
o™ v Co-Electrospiinning
PR > THY release ’

.»*? 7 i ~ Ry Inner Iayér /

SIM release 6
Hybrid layer

Av's

&

Outer layer

U 1550 clSwsine 5ol (U1 93l bl adalad 55kl sLiE o5 9,3 (b daduiie 5 CbLus (1) SKilows g —F S
(P5) 9515 o SY5b (g5l a5
Y5 A g el Lali b (el (61 oo bl gomms 0 poid 41 sl SwSY-JI s 40 93 (BUI clisé b dadede 9 S lw (o)
(Vo) wisod €8 b ulod 12 Jgoud (Sl Cawgs
Flo ¥ S 9 PH & (lus gy Jold (gl Jib b b (BUI s a0 (b 2SL o 3,Sos s 9 il (g)
(V) prowwsl 5ld (5ol

\\i


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

iamo o5 5 IS s

e 0l Colin (giloil 50 gyl bodds (g )l8,L ujemelS SU slaslie

Psho p o sloslie > laSggn 3l S0 sloog,S
23,5 Gly dde Slojg)ls laptuse drwgi )3 Slgie (2bySL
SB35 3 3,2 3 oS s 15 lng ) (S a8
L oS 5yl 3939 (slodle 4 L5 odgll JB sy layd p3 a5 el
4 de Carvalho .8 I3l ol 0 1) g)l> g 395 pygt0 O Ll
3 oS ls il il 5 (il DS gz 4 (V) oy Sen
ocisie cly Bl as oy oy 4 Hske Slisl GUI 5
o595l 5 ilipe (eSS gyl asySL I (o3 (sl
M lp oSl ol I imggy cnl ) by IS
B 56 gl 45 05 oolizel 558,08 b o ()35, GBI b
5l orizmen g (o5 Jlom s b judy Bllasil 3 S
03,5 (55 ol ik g g sladilos Bk Sl gl (g3l S
Ol 5 2539 350 IS (555 93y Bl 3 gV go b ales
390 (Sbiphin 3 039l (slaoyis sloosiS y s 4 Wil o
S claslis 5 (VF) olSan 5 Chen .3, 5,5 oolicl
il 331 Golss L1y S S L osd (o)1 (psSYgplS Ly
e IS b s 5 W 5055 s o5 1in)S ol oa |55
clld 5 g ) Bl ool ol b elie ) ing
(S cogis sl 5 Jsese oyl ade Vi LbySl ws
ges &) J53g: 5 oleamsly clsie 4 o3isd sl 55550 il
oSl Jols BUI slases (VYY) ), 4 de Carvalho
Oy @ ) 2T sl cilise polie b M STe Jute (L
ol Sl 15 e 5 65,8 (g0 elSole (TS Jli] e
31 1y 25381 53305 b3y Sed il S ol
el bl il oM Ske Jue b GUI s ol 4 6,0l
chyls GUI s Jol el YF 3 Sl (ST (g5l ol ilj8l
SIS Cpizped g w3l (VL ) (e lalyy ST L5
o b @Bly oo (6 Sh e 5 B cpl 5l ons o] lSoLe
e M Sl e b BU slaslis )5 ST Gl g 3.l
e 2bpSl ws clld b pgh She Slapiens My«
S eomls ladises Glis @ Jadn j0 (YB) 10)5 oud o lwlids
JWag2 50 8L wre )5 53 9303 b osd ()35 (g yardy S (glaslis

ol 045 u.;)l)f

VO

Cusdlgpud g Caodbgiinl (S wd) Sl BN clid (imen

90y Joidio pitums SO (V+) ySan o Shakeri .5)S" culadlow
Oliwlgoses ol yom 4y sl SaSY =1 b Y I JSuie [jome Y
Jsess sl Cusgd Ol Y5 Y g plyseil pall b eles gl
SaS e ploie 4 (o1 yun BUI B Lo sien c3b b wlod cax
oamd s Lapdll ols g wad shb oY 93 cpl oy (Swgn
B Y5 slis g oglhe (SSle ol g At )L Ry
wbySbas Sl LI gl se SYb (o5l o1 sl SaSY
Al qulio Jslo Jlail g 6y 3l o j g o5 0y (L5 YL
i e 4 )y 4Y 95 U st ol @YU Lol oazsly o)
WS deb Gyl e Gl el dgme sl
Orje ot Silow (rPEld Clais 4 Ny (Sapen (o F JS5)
OSos D950 (slag,ld aS ond Culi g 29 o b b Ll ylad )
() ohlsen 4 Lang .08 og)b Cuoglio & joxie ol
o wdged (2Ll (oo Hlsle b oad gyl Glainyes
e Llels (gols She Y G 9 pH 4 wles slaa¥ Jold
il I3l g 0yl (classl dgupy (SlKe oled o pmed ol sl
Sogb 4 md o (L Gglite glaylid) L) il Lyl )3 91>
BT Sty s Axtne 313 Slule )3 Cas s 4 ot l9ld o
S5l G 5 N ol g isyed oS00 Bl 3930
Cul uibige S8 g1 gl ol 53 350 LSk aS b Sh b s
S 655l sy (@YU Jesly 053 (il JiSLu L oS
oslis 55 (YY) o Kan ¢ Ye (g 5 JS3) syloi e 1)) ol
5 09l ol LbpSh Pole p e Jupst ws (SU
S50 1y ol Sla iy 5 b5l 63,5 i |y w9l eshes
selcadbye sl a9 g5 5 0 &S 3l (L3 glis 53l 1,8 )
SLSe FT-IR slacab 5 (si5ledpge 9 odd ol laslis ol 5
2 oSk YEIY Glie 2 BUI 5 Ggilnste o)l 65k )0
3o 33T 9392 55 2 28 oo Y b s (9 g 31 i p )5

A 2 9 9 S b 5 D plnil el YA Ctesy ]

oyl 3905 bl 353 31 (bl 5 oghyl s o5l
S g bagyls opl b osd (6 )l35)L BUI el oS ol )] Lo

b Sl g wsly e oolial LB S5 55 e 5V sb duusses


https://jdm.tums.ac.ir/article-1-6318-en.html

Sy9ye dlas (VF=Y oot ) dlli YA 0)50) s (S pole olKuisly (S5l aloro

Jiiags 1 8l o 43 5,15 b 0aad 6135, (s porly LI S0sitd ) gbiges -0 Jpan

&0 &9 byl s 9,1 ou

3> (2,5 il o1 =

YU pltol -
Spylasl - U P
skt 5 —
izd ’ 9y KN PYXWE o — YU -
) 9> o dgue 9 b b wles waw il - [ESHg oS gy (S g )
Jiog 0 ) sl ale (58 (29,50 10 cllad - 08S Yol -
il =
Sgete Kl 3 oy ol -
adyy JUIST S50 4 tedan Slu g — Jg;b«ug,w’—
gyl (ol 3l tals - O o9 ;
sy esluS - SoMgpm Jeing o -
*v) oyl csotoys oo sy e Ol gldg s O9Mam Jeig b
JBIS 61255 5, Slgo (68 3o o Ltalsél - OelSmgine =
sl dag G o
S)gh Ao Ul - Jasa o — .
e . Jaihadg e e Ugn (Sn -
(;A) S5k s - P OIRT o N - e
(390 3535) 9)b> o (Vo 55110k (g5l 2T = Slsiz Jojlasg e = Sl g Sl ll
ST sl Ly -
58 (b pSl s ol -
iyl S8 LUl - | SIS 8- SasY) L -
I e oS 5 St Y sbo 058 (il ST — S 9y~ $lasig e — v *
) N ,:,‘ s ‘,xuw 58 53k O oo Jaslsig e ) N o
<o D yige — R — L —
gl Coghe ply ) pse o 09y Oyl s S5V

e Caz 3 Cedligrud 5 Cundogial gla sl 1) 51 Sty -
osk Mg g, =

Wyglss (k-
Olgl 18y S 28 (gl B> 4Y -
CBl (S disr gm0 9 CSgie S S ol slp (2B AV -
e SU Sl 2l b cawgdl g 05 O sloaY o Jlasl 9000~

Gslio 355 -
ollas $8Ls o5l -
YUy S plSntal - B oen g =
) L.ijsfiu O oo Otuslgorms el SVl b
cuwlio pyg5 588y — O 09 J?‘"“_

9)b e (GVeb 5o JyuS (il ST -
b 2byStss clls -

&b Canj -
Olgzel sl Joko iS5 9 (Stivue ) Sloty -
Sl 398 5l (s Sk~
Sl Cato Jously -

501> 0338 e (sl s sl ool (B Y LPH 4 Gl (28 claaY -
4l dgue (Sle polss L c8leiSs g 38> o)kl -
st Lo 53 ] (gl 31T 5 (Shmgy Axts (3olio) (o3 (sl bare 53 @ 5k 3131 =

b ke e -

A ’ W5 g — S Wl ygld — IV (E100)
") syl 2y 6ol 5 3 slacdl b e o - it e Mg ] S -
O3 (Sewg ol Jole fuilige SgSgmprl ply p> (SaiiS cunls -
O ($395519,50 Jolai Lais g 290> Cuoglio (il by 0> (Spessy L ablio gl cng 99,50, -
Gslio (6)8 jls Can =
Yl (Sl canglis - ) 093l pghe =
) e byl as cusls - & oINT dou bySL ol -
bt s e (9959w
)b oad J S Sala, —
Yool s el -
9l a5 S (g5l Sl3T -
(vv) a5 Sl as - O Oep oS lS — Hobo bl -
o sl b 6,850 -
S B 5 el 5 -
01558 (g5l o151 -
S Jsdss -
(V%) s ISk el - D o9n— RER OFS Vgl b -
Vb bl s ol -
3l s -
)b 0ad JyuS (sjlele, = e . oM ySke Jite (-
(ve) T b 551y 15 el - s Ol S s sl L

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

V&


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

iamo o5 5 IS s

e 0l Colin (giloil 50 gyl bodds (g )l8,L ujemelS SU slaslie

le b Job laslic )8 oS elSw
o)y oyl (SOl oled mng Bolay GUI L sdoxis s,
ol mls oAb oy p (o228 Sl g SVl Jgto dlox ]
g 1ed S L alie byl (SOl plSounl &S 34 o Lo
L g odg oSl s ola s gy pioren Laslic oyl .cuwl
Fobo 235 9 Jlasl Celil (9o Cundigtinl iy Lol cuis
S lacibes! lp culio clan 5 4 1) gl & ol LS |,
(A+) o)Sen 5 Abdel-Hady .S o i jquo 9 S8 (5ya g
JragSsl cilize glaclale oS 5 L |y g Yapls L SUI b
slaslic 60s00 M panil il lawd L @l gl 5 cliady
2525 5 Jb a3 Lo la Sy @ 4295 b 055V
@l b Gl b oS ol (LS s u8)S )15 (2bj)l 3)90 (st
7Y ool B gl SlawsS) o cullad g o sy SUI s
oS 3gr odlo opl 517V ggls BUI b 5l i @liedl JuyeSal
» 2Yb bl GUI gk ol el ord JyuS gle Sl31 Silo
w5 5l g By 1y leseisl sns colin (bl anTd gl
Ak Mooy by odd (gl dnd Jabro ;0 peudS lauwd
308 oS YeRls (b b awlie )3 (Jolo S5 (Rl ogdle
1 st gy oslhe (pyias pSuple S lsis 4 g
& Jota (Y USKE) 23,5 oo lpistin gzl odd colas (g5lwjly
i oy jspels B slaslis 00,08 sladiged Lz

ol 0ds (4135 Jogs p CBl waeyd 40 gyl b ol (6145,

&b Sl slaslis -
il slagbey » Sle G (o)bs SUI glaslas
Sy i (g 1)) g 0035 n L] 153 5 gl (slacdl
Silojl 5 mee ) 4 ol b Sl 398 1 6555k 5 b Jobo 03
0353l dlgo ol p lanelie ol aislod o oS 010 ool (slaczidly
slis g9 Mg (oan > plbladp)lS 5 (o)l sla Shy
(Jason® membrane) el Jlo los alise glio jl a8 53N
S 5 (Periogen 4 CollaTape/CollaPlug/CollaCote) 45
bl g YU ()55l s > 4 W] o cowd 4 (Bio-Gide®)

(A\—A\”) .Ls)SL;c )‘)_9 ol d)90 dlb.)).l'us )5.‘0 LY :y}ﬂ@c u.&>

A\

Cangj SIS o ol LIl st gy dlas 1 (g )kua
dbly ol )3 el dgame ol ool s Bl Ll 35 g5 (6,5l
oS 5 (sl SpSlS 55 ~S5Y) b ~{ied SV b
g il A1 350 gl 4 clie pl 08 g el L s
w2y 1) 58] S ol y90 g oy pa] e SV g YU slaclale
ol g 0l il 1y eolsy ool w5 oSl oo oy
gl JSi @ pie oS wed e alS 1 okdl sl Silas
S9d e bge Cudl Juo )3 5558 0 oS
2 e AU S slaslag (YY) ol Sen o Kegeciler-Emir
ClgSols 5 4555 Jub Cumj aded ol S Juy b
or @Sl AS g ) el ol el e IS
ol YV ¢ e )i 4y 38l 05l g LI JlaB gl )l laslize ol 05,8
TY 5 JN L &S Xdg oy WWIEY IS g jieg Sue YEIVY 4
9o Jb Cunyj Adid Hol 0D (55135,L (s S IS S glS
Sl bcwdlgys S5 il
0055 dgaome b sl (pl o o laslie (3 oy 150 )IS" lgS oIS

Sl wlo laie ay eolitwl (gl gollas baylyds o gyiSh wis,

R

U loelie 35)0 g0 wal canlio 55 5 (il g5 53 el
il g sl il by ol s plais Gy Sidsy sl 9
(YA) o) 5 Yang diwly opl j cdiis Gis Yo ool s
95 g0l meadlS Olawd b a8 sl SiSY b5l aY SO clie
gl JBle ©jgo 4 4 10,8 L b (6)l35,L oy el
S 5l S ST g sl SgSS o8 —SasY y clsé L
b e &l e okdl Mo g gl by oled b wless
il Sl g cal gy O was slie a8 b ol b ik
525 5 (St 2 te Ol prizmon IS o S Vg |y el
wly ol a8 wled o a1y 50, VAL Sleddl s @l 51 g anily Jol
5 Sharif o8 o fas ol Qb iluil sl sl laiy s
9 Sl SV SU el ol (V) ) Ken
i~ g Col] S gyam gl b olyen |y (S Yy RIS Ly


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

S Al

(V¥ oot ) alis XA 0,93) (s (S pole olStils S jld dloo

oH
0=_-©° o
~H
o

HO OH Ascorbyl palmitate

O

n
PolyCaprolactone

Calcium phosphate deposition afier SBFF

(M) fomnan! i ol s 1,3 93U g olinally Ui ygSunrT BliSeo (SRCIAE S 37 b 98 Y 9 S by (o jomolS AU sl JLid L -V UK

JUSdgs 5 S8l oo 5 3 910 b ol (651851 Jad S 5 (S jomelS (AW slacliis 51 o Wrdiges -F Jgao

&2y 3T bl Jse

Jld Cangj 0005

S g rlS’ sloig Sda (Vs g sl @y (sl ST =
b ooy @y -
il e Gl =
(V%) @bt sl gl S5 g5 -
e sla s ol il —
Gl e b laye (sl )S)le ol walals —
S oy gle dbml -

O oaR T

Ol =

Slowd paandS —

(ol SSV=JN) b -
(ol SIS 5 S5Y) -

oDy 53 Gl
() b g I8
9 2bySl s elss —

O oarT

rsSalS Sl -

Jd Gy j A Slyd g —
4585

S g k-

4;\)5]93 gl il —
o> e (Vg 5 003 ]S (gl o) =
odj sbcdl b Jols Jageus 5 YU (siwgs ol -
(YA) s b ool gla gl iS5 g (Sair gy -
Syl los gl
50 VAL Gae SY b oledl s 51—

A~ gl oSS il Joiliy -

O OaR T
& 09N T

Ol =

g0l pundlS” ol —

Sl SSY L -
sl SIS g5- SV -

oy Gllassl —
" YU Sl plSictl i
) 9> duen] olay — o oix

Sk as el -

bl (uSgyhm gl =

Sl SSY L -
0S¥ 9nl b -

stog> S el
(siulS plSocinl dgups —
S PSS =
b ey -
) NN 5 o
SBE > palS i ogusy 58l -
0353VA (5o} 0393 K4 1> Sy oSl sl (gl Sl i Ul —
o S5 il -
Ozl odd Colun (g 3lojl il gl -

lilly oSl -

olawd b ol gb-

for] yiaol

oS Yenls L -

A


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

iamo o5 5 IS s

e 0l Colin (giloil 50 gyl bodds (g )l8,L ujemelS SU slaslie

JW3g 1 (553l 3 (632,85 (5 )lod (BWI el I (ladiges -V Jgaa

&y oy ool s ,,l8 S S Sy oxijlw o3le s, pb sWis g9
Y SO L glaY jlsle -
Olgziml oads Colia gjlul - )
Ciless el b B Y sl ol 4 oSl
(AY) win ¥-Y Ju; JL;UAa; o cdblpleal gl YL g L S o3 Bio-Gide"
T des s e - (5 1g5) (Geistlich)
Qo )l e 08> - T
' o yBS gl Cueglie —
ol _ .
)
5 b oddcolia (g3lul —
gl gladien b cuS )3 | e plSoeiwl lads —
s Olgzsl sladigy b oS 5 Sl Sl ¢l b olyan S5 3508
> . . . o S 9> (0
) ogiaw — FYsb sleoyg . Sl Ossix® Plus
(\Y) Jd ) c. I . ¢ e b poye Jlas (Datum Dental) s :
(e Sri sbpati il - FsSde g ol ol - 545 SN slelic
2 . e
sl Ak LS
Cogie Vb Say b 3yloe =
Sl b (orb (5SSl —
5 Lasl
Ol sdbcolia (gilwjl — U‘D)L J 3
ol osalin i 9 & Ozl YsSly gy - S
el ) <o Jw)b — L R Jason®™ membrane
(AV) e F-V oyis Lais Py el L pledl ol S (botiss biomaterials)
Yb 6,55l Lcdllassl —
Jsgn sl bl - PO G
‘ i 5 0 ol ol -
Slaslo
R T o - laTane/Collabl
e e Ao _ CollaTape/CollaPlu
S IS Sogon g/CollaCote (Integra
(AY) 599 V¥V OlS 3l  oyis (3,8 4 — PESEIWIRE JCLEs I & 595 (yanils LifeSciences Corp,
ol 9 Oy 4 o3liol 6~ Plamlsjbs‘f;’ NI, e Lt
OB lapdj e 5 — by by S df jw]
_ oS Cabls | iy bllas - e
w55 by, s S s e
ol slapd 5 peoy — ~>) W )W JES Periogen (Collagen
(AY) an A-¥ buwgio il — Corporation, Palo
Jedg sl - T ey Alto, CA, USA)
L§>9§ Lm . ){ M) dl).g A_A.MJL.A Ja...’?m )L’ml - ’ ?
29 Seyat (0S5 p -
o e
i6lio o3l b Y0 sl —
Lg o.\JJ).I.Zf PL&)‘ dl)-? i
b osscola gilujl - "
i
J3g 0 s5loil - L 9 sl SV
e . N A5y 5l s pS gl g Lab Labs - . Guidor® Matrix
(AY) S L BB lapais gleys - oy il Joigsy Jid Barrier (Sunstar)
sl ' el
o 85k g ity Gillas] — .
oM ady)y g = e
Er b pdy coyBS Cannj - olis
04D J/wf T; v
s
Jedss b Y aw sl - S
cdlosdcgln giloj— ilojl A gl gl cglie
J3gs 30 (g5l — bl Epi-Guide®™
(o) oo 8 3930 Vi sloibi gy~ oladgis sl ila i - T et Bioresorbable
9 =) R Oy 7 2 W Barrier Matrix (ACE

Ol Ay Gibgy —

JW392 0 (> 3)le -

culio (£l 5 plSoxinl —
csladshe 39 1 6ol —

Surgical Supply)

AR


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

Sy9ye dlas (VF=Y oot ) dlli YA 0)50) s (S pole olKuisly (S5l aloro

Lk 3)95 5 Gy S G g b Canj wile (gllan
il gilwil ly Pie Slke sl Sl 4 ldtwilys
ohy w5 Y 5o L U sl b eslitul s,
9 09905 JoteuS ) (993 oS 9 (Jobo ol ud) bl 598
ol Wl S b Jsdsn il s o I3y (8 ol
s o515l 4 Lol 51 g 0315 3 bl 5T 4y Ll oo Inccly
@ Sl (Joho )8 S pile 4 aslis cpl (e (55995890 9
S 5 oozl L S o <SS aJobus 32le 5 1355 ¢ Sipu
doslis ool 3 gl 5 Jlb conn slaJsSse i) (slaygss
ol 8l gilojl dnl Jed 5 (e ool )] Sl
S22 392y plizmen (229 JB lagille oS dizpn 05
caslio (gl oy Bl )3 4l lacudgis daills oyl ;)
sl youls 5l ol &S d)}‘o 4 ol C).‘a.o laelie célo dlﬁ
o 15 3)90 elsd (sl plojen ©jgo 4 Alauslys 39290
0l oM iy )l |y (g3l LU g 6y 5l <039 (o
5 Cuol Hlady Sldid 4 gyl S S8 @ Cudgp pols yloyd
dge oS5 3 ogly g Sl sz by Sl edlitl cnlnli
d99 b i Sl eyl iyl 1y 3 (slodgigy g dngs Al oo
s & join (SUIGL slaslic b ply ©jg0 slacd iy (ol
Owouds (8l (i ligis 5 )05 )5 (alitlol Jolye y3 otas
SS9y gm0l p3Y (b bulyd 5 bl isu il g el
b oS e Sl alas 5l aslie ol ogul aes Jugand 9 il
Oleyd a1y agd el 5 SUlg ( g5eleiST ol b gud axd )5 Jlas )
bl g lozil sacdl (gjlwjl ;o Callas Juwsly yildy )
),.,l: ooy byl b (i gl 48 A dalge 35 olacodgae
SBBL b gy dacudsisme cpl cpeke SO a3 o 8
il L S5 Jolo | glo o Cunlacyjonals I ames ()l
LSy 2929 pie dgd e 8L Gilujl lp p3Y (Sjgle s
sile ool slaal B o o 1y Jobo Soged o Jlb o
el 293 g a pal (pl &5 48 o Jie los g S5 ¢ Jgho S
il gl & Jobo )b eSapile il @i g ol alS

w55 €5 om Gl pae ol progdle 3,5 ool Sl 8L

(Bio-Gide® wil) Waelie () 5l (B o Y o Hle

5 Blo flaie a4 (Sl Y S Gjao 4 1) AlEgn 3, Slas 1Sl
s 03l 29l e walyd Bl L pleal (ol Yl ol b S 4
2 el ol 6318 9y 9 03NS £59 51 (nl &S daslite cl G
9 Bio-Gide®) ain Lo U (CollaTape) jg, s> | gloyns
S5 b G iy JLad (AVAT) 5,5 5 (lason”
odly olsdl ) slie  SlKe Caaglio g (o )lusk (Ossix® Plus sisle)
5 S oo ol (93)lge lp o5 WS e STy o Gl £
laclie s ogMe (AY) ol duie gl 5 32 (sl a5l
Guidor® Matrix ;yemed Sl S8Y L g9 5l slaclis ( 55U
& ;s Epi-Guide® Bioresorbable Barrier Matrix o Barrier
o3ltul 3)90 Lad Lads bl g 0a8 ST (6l o )3 Cunj
el ol § By o &Y sin 5l (ADAS) 5,8 e S5
3L g 03905 warlyd |y il aiy Zwl Sl (Epi-Guide® sile)
laelié ol (AD) amd e 1,1 1, (olo B 3915) 55 Vs s sl
o) plgal J15 (slagas oy 5 Jiidg g csibosly o brese
Rl g9 4 St gl g5 B g lodgl s 4y (lod 1S
5 ol I Y Jps) 3> oS il sladls 5 o] e
Ml ) 35290 (3l BUI sloslid (sl Shg 9 (s atwd 350

e ) 1y el S48 58 g Sbjlais

o] il oty g (640 o
Lad b ¢ Juings p b s3lojl glop sl yskato 4 cojg el
i Sy ) edlizel b lsl sjlujlh 3ios 5 dmls GlLbI
il pU b 3llinl (By) Cpge @ ((SSBe Bl e 4
by pic Jlain] oo ol b ol 005 4513 8l 015 Colam
b o) slacadgione 4 2l Glao)l8 (oled 3 baslis ()
9 e sladlis ilojl ly g cubl plie nes
Olsie 4 oad arslS dlas 4y oyl i sl 51 5L glacsgas
2123 Gl slaionnd (59) 2 Sl (b 035918 L (2 )5 e
SHPPST agej )3 w3l (lacd iy & a9 b gd 0 03 S
Sslon glop 3 (alpw (18 Wlg5 oo SUI slaslid «one s
loogas b g cilanio Slge 5 & laclie ol S ) Jlisgs s


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

iamo o5 5 IS s

e 0l Colin (giloil 50 gyl bodds (g )l8,L ujemelS SU slaslie

Er b laslie Shb oS3 Gk S oS baslie (Sl
§) Gilise ol oy claulys b Sialon 5 538> 50
oMl sl (65935 3 Cujopels g bgloie (ilo o)l 325l
oS 5 5 g pSI g s A Ol i g b iy Lo ST |
LS5k 5 g (polas] slorlid colo GlSel (RS L o
(Sl plEl (yrioman S o aly3 1, ol (355 Sla S s
ol L5l J5i5 5 (ol o fle 3 s b Slgm ol 5 05,
oybg Cules Hd Aoy W)l 1) (goame bt 5 Jlad Cunj Nlgi o
Ol ey g Sledbl L sbul L olen (sgtan Gign | g

slately p )l g (b slatalofl 1 pesans 3555k il S
drwgd Cqa « Sad bz 5 lhlew (B sl 4 ds gl g (s30u0
aaly8 5 3,8 ialsal b algs baslie asblis) clo fus JuoSS5
A8l doye ol 53 ) Gt sloasly Sl e Wl o ol AL

References:

1- Kwon TH, Lamster IB, Levin L. Current concepts in the
management of periodontitis. Int Dent J. 2021;71(6):462-76.

2- Ashfaq R, Kovacs A, Berké S, Budai-Sziics M. Developments
in alloplastic bone grafts and barrier membrane biomaterials for
periodontal guided tissue and bone regeneration therapy. Int J
Mol Sci. 2024;25(14):7746.

3- Mirzaeei S, Ezzati A, Mehrandish S, Asare-Addo K,
Nokhodchi A. An overview of guided tissue regeneration (GTR)
systems designed and developed as drug carriers for
management of periodontitis. J Drug Deliv Sci Technol.
2022;71:103341.

4- LiuY,Guo L, Li X, Liu S, Du J, Xu J, et al. Challenges and
tissue engineering strategies of periodontal-guided tissue
regeneration. Tissue Eng Part C Methods. 2022;28(8):405-19.
5- Ul Hassan S, Bilal B, Nazir MS, Naqvi SAR, Ali Z, Nadeem
S, et al. Recent progress in materials development and biological
properties of GTR membranes for periodontal regeneration.
Chem Biol Drug Des. 2021;98(6):1007-24.

6- Kohzadi S, Mohammadi Z. Improvement of the wound
healing process by Janus nanofibrous biomimetic wound
dressings containing metal and metal oxide nanoparticles. In:
Proceedings of the 3rd Intl. Conf. on Researches in
Nanotechnology & Nanoscience; 2023:1-15.

7- Ma Y-F, Yan X-Z. Periodontal guided tissue regeneration
membranes: limitations and possible solutions for the bottleneck
analysis. Tissue Eng Part B Rev. 2023;29(5):532-44.

8- Liu X, He X, Jin D, Wu S, Wang H, Yin M, et al. A
biodegradable multifunctional nanofibrous membrane for
periodontal tissue regeneration. Acta Biomater. 2020;108:
207-22.

9- Salehi E, Daraei P, Shamsabadi AA. A review on chitosan-
based adsorptive membranes. Carbohydr Polym. 2016;152:

AR

Sl Gl 5l 2y9e (Sislen i ploj g (Soiae lajpedh
Oy o il A e Wl e & cwl (6,500 Zalas e il
Sty 5 39 s <8l JuIS LS5 ) 5 oLt 5L plSin 35
hos sla s e sbxyl gy b sy 53 o lisbe 3T
2 Sl g Jotdie Cojorels cpl (Gl 28 g célo b basye
oolie Rl slacslgdd (pizmen 5 clis (GGolsdyee 5 Caolius
Byl g Cupdo HL &S A (6,500 ®lse «wuaS bas b ade
SxS Cca Cal p3Y sl ol 5)Slas 3 (gly ( Jb> oo - Ngud
3l dinge lgoge > Chpdy ol oaisl (olod,S, g liios
Jelos 5l oolanl 5 g (olaSuss ) 5)9193 w53 gl Ly
5 S ol b w59y p G 3L Slop
e dlge b anb (6o yodly 3035 (oomen Bl dgu0 b Cone

Sl Shg cagi 5 " Syl GEIM Gl e wlgi e e J1b

419-32.

10- Aguilar A, Zein N, Harmouch E, Hafdi B, Bornert F, Offner
D, etal. Application of chitosan in bone and dental engineering.
Molecules. 2019;24(16):3009.

11- Zhang C, Hui D, Du C, Sun H, Peng W, Pu X, et al.
Preparation and application of chitosan biomaterials in dentistry.
Int J Biol Macromol. 2021;167:1198-210.

12- Allan B, Ruan R, Landao-Bassonga E, Gillman N, Wang T,
Gao J, et al. Collagen membrane for guided bone regeneration in
dental and orthopedic applications. Tissue Eng Part A.
2021;27(5-6):372-81.

13- Deng Z, Liang J, Fang N, Li X. Integration of collagen fibers
in connective tissue with dental implant in the transmucosal
region. Int J Biol Macromol. 2022;208:833-43.

14- Mariotti CE, Ramos-Rivera L, Conti B, Boccaccini AR.
Zein-based electrospun fibers containing bioactive glass with
antibacterial capabilities. Macromol Biosci.
2020;20(7):2000059.

15- Jiang W, Du Y, Huang C, Ji Y, Yu DG. Electrospun zein
nanofibers: from food to food. ES Food Agroforest.
2023;12:863.

16- Naguib GH, Abd El-Aziz GS, Mira A, Kayal RA, Al-Turki
L, Mously H, et al. Enhanced Antimicrobial Properties of
Polymeric Denture Materials Modified with Zein-Coated
Inorganic Nanoparticles. Int J Nanomed. 2024;9255-71.

17- Barreto MEV, Medeiros RP, Shearer A, Fook MVLF,
Montazerian M, Mauro JC. Gelatin and bioactive glass
composites for tissue engineering: a review. J Funct Biomater.
2022;14(1):23.

18- Chen IH, Lee TM, Huang CL. Biopolymers hybrid particles
used in dentistry. Gels. 2021;7(1):31.

19- Sharifi S, Zaheri Khosroshahi A, Maleki Dizaj S, Rezaei Y.


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

Sygre e

(VFY oge ) alio YA 0y93) (ylyas (S pale olSiiily (Sbjolais dloxs

Preparation, physicochemical assessment and the antimicrobial
action of hydroxyapatite-gelatin/curcumin  nanofibrous
composites as a dental biomaterial. Biomimetics. 2021;7(1):4.
20- Moghadam ET, Yazdanian M, Alam M, Tebyanian H,
Tafazoli A, Tahmasebi E, et al. Current natural bioactive
materials in bone and tooth regeneration in dentistry: a
comprehensive overview. J Mater Res Technol. 2021;13:
2078-114.

21- Yuan Q, Zhang Q, Xu X, Du Y, Xu J, Song Y, et al.
Development and Characterization of Novel Orthodontic
Adhesive Containing PCL-Gelatin~AgNPs Fibers. J Funct
Biomater. 2022;13(4):303.

22- Prado-Prone G, Silva-Bermudez P, Bazzar M, Focarete ML,
Rodil SE, Vidal-Gutiérrez X, et al. Antibacterial composite
membranes of polycaprolactone/gelatin loaded with zinc oxide
nanoparticles for guided tissue regeneration. Biomed Mater.
2020;15(3):035006.

23- Virlan MJR, Calenic B, Zaharia C, Greabu M. Silk fibroin
and potential uses in regenerative dental medicine. Stoma Edu J.
2014;1(2):108-15.

24- Narayanam R, Cardoso LM, Reis-Prado AH, Carvalho ABG,
Anselmi C, Mahmoud AH, et al. Antimicrobial Silk Fibroin
Methacrylated Scaffolds for Regenerative Endodontics. J Endod.
2024;50(12)1752-60.

25- Ghafouri S, Sadeghi-avalshahr AR, Molavi AM,
Hassanzadeh H. Fabrication of Functionally Graded Electrospun
Membranes Based on Silk Fibroin for Using as Dental Barrier
Membranes in Guided Bone Regeneration. Fibers Polym.
2022;23(9):2549-56.

26- Braxton T, Man K, Jindal SK, Kiamehr M, Sun WB, Yang
XB. Silk scaffolds for tissue engineering in dentistry. In: Silk-
Based Biomaterials for Tissue Engineering, Regenerative and
Precision Medicine. Woodhead Publishing Series in
Biomaterials. 2024;601-27.

27- Schifer S, Smeets R, Képf M, Drinic A, Kopp A, Kroger N,
et al. Antibacterial properties of functionalized silk fibroin and
sericin membranes for wound healing applications in oral and
maxillofacial surgery. Biomater Adv. 2022;135:212740.

28- Cevanti TA, Sari NSP, Isnaini SI, Rois MF, Setyawan H,
Soetojo A, et al. Cellulose Fiber from Coconut Coir for
Development of Dental Composite Filler. J Int Dent Med Res.
2021;14(4):1401-6.

29- Cafas-Gutiérrez A, Osorio M, Molina-Ramirez C,
Arboleda-Toro D, Castro-Herazo C. Bacterial cellulose: a
biomaterial with high potential in dental and oral applications.
Cellulose. 2020;27:9737-54.

30- Yamazaki Y, Ito T, Ogawa T, Hong G, Yamada Y,
Hamada T, et al. Potential of pure cellulose nanofibers as a
denture base material. J Oral Sci. 2021;63(1):111-3.

31- Cheah CW, Al-Namnam NM, Lau MN, Lim GS, Raman R,
Fairbairn P, et al. Synthetic material for bone, periodontal, and
dental tissue regeneration: where are we now, and where are we
heading next?. Materials. 2021;14(20):6123.

32- Sugiaman VK, Jeffrey SN, Pranata N, Djuanda R, Saputri
RI. Polymeric scaffolds used in dental pulp regeneration by

Yy

tissue engineering approach. Polymers. 2023;15(5):1082.

33- L Kalluri, Duan Y, Janorkar AV. Electrospun polymeric
nanofibers for dental applications. J Appl Polym Sci.
2024;141(15):e55224.

34- Wu DT, Munguia-Lopez JG, Cho YW, Ma X, Song V,
Zhu Z, et al. Polymeric scaffolds for dental, oral, and craniofacial
regenerative medicine. Molecules. 2021;26(22):7043.

35- Barchiki F, Fracaro L, Dominguez AC, Senegaglia AC,
Vaz IM, Soares P, et al. Biocompatibility of ABS and PLA
Polymers with Dental Pulp Stem Cells Enhance Their Potential
Biomedical Applications. Polymers. 2023;15(24):4629.

36- Di Cristo F, Valentino A, De Luca I, Peluso G, Bonadies I,
Calarco A, et al. PLA nanofibers for microenvironmental-
responsive quercetin release in local periodontal treatment.
Molecules. 2022;27(7):2205.

37- Alvarez-Carrasco F, Varela P, Sarabia-Vallejos MA,
Garcia-Herrera C, Saavedra M, Zapata PA, et al. Development
of Bioactive Hybrid Poly (Lactic Acid)/Poly (Methyl
Methacrylate) (PLA/PMMA) Electrospun Fibers Functionalized
with Bioglass Nanoparticles for Bone Tissue Engineering
Applications. Int J Mol Sci. 2024;25(13):6843.

38- Zahra FT, Quick Q, Mu R. Electrospun PVA fibers for drug
delivery: A review. Polymers. 2023;15(18):3837.

39- Ganesh EN. Analysis of Fracture and Toughness of a
Denture Base with Polyvinyl Fibers. Int J Adv Pharm Sci Res.
2022;2(2):1-4.

40- Rzazadeh F, Alizadeh AA, Shirvani F, Alavi O, Alipour H,
Tayebi Khorami E, et al. Synthesis, evaluation of mechanical
properties of chitosan-PVA nanofibers scaffold properties with
decellularized periodontal tissue. 2024;1-16.

41- Schneider M, Rodriguez-Castellon E, Guerrero-Pérez MO,
Hotza D, De Noni Junior A, Moreira RDFP. Advances in
electrospun composite polymer/zeolite and geopolymer
nanofibers: A comprehensive review. Sep Purif Technol.
2024;340:126684.

42- Chor A, Gongalves RP, Costa AM, Farina M, Ponche A,
Sirelli L, et al. In vitro degradation of electrospun poly
(lactic-co-glycolic acid) (PLGA) for oral mucosa regeneration.
Polymers. 2020;12(8):1853.

43- Jazayeri HE, Lee S-M, Kuhn L, Fahimipour F, Tahriri M,
Tayebi L. Polymeric scaffolds for dental pulp tissue engineering:
A review. Dent Mater. 2020;36(2):e47-e58.

44- Abdelaziz D, Hefnawy A, Al-Wakeel E, El-Fallal A,
El-Sherbiny IM. New biodegradable nanoparticles-in-nanofibers
based membranes for guided periodontal tissue and bone
regeneration with enhanced antibacterial activity. J Adv Res.
2021;28:51-62.

45- Higuchi J, Klimek K, Wojnarowicz J, Opalifiska A, Chodara
A, Szataj U, et al. Electrospun membrane surface modification
by sonocoating with ha and zno: Ag nanoparticles-
characterization and evaluation of osteoblasts and bacterial cell
behavior in vitro. Cells. 2022;11(9):1582.

46- Gao Y, Wang S, Shi B, Wang Y, Chen Y, Wang X, et al.
Advances in modification methods based on biodegradable
membranes in guided bone/tissue regeneration: a review.


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

oo L g o3RS Blid

0k Cglim (il 3 o) b ok ()35, i jenelS LI celaslii

Polymers. 2022;14(5):871.

47-ChenJ,GuoJ,LuX, Yin D, ZhouC, Li Y, et al. Microbiome-
friendly PS/PVP electrospun fibrous membrane with antibiofilm
properties for dental engineering. Regen Biomater.
2024;11:rbae011.

48- Shabalina AV, Kozlov VA, Popov IA, Gudkov SV. A
Review on Recently Developed Antibacterial Composites of
Inorganic Nanoparticles and Non-Hydrogel Polymers for
Biomedical Applications. Nanomaterials. 2024;14(21):1753.
49- Wang X, Li H, Mu M, Ye R, Zhou L, Guo G. Recent
Development and Advances on Polysaccharide Composite
Scaffolds for Dental and Dentoalveolar Tissue Regeneration.
Polymer Reviews. 2024;65(1):1-57.

50- Assadi Z, Rezvanian P, Gounani Z, Ejeian F, Zarrabi A,
Masaeli E. Multilayered nanocomposite membrane orchestrating
targeted dual release strategies for enhanced guided bone
regeneration. Chem Eng J. 2024;484:149237.

51- Takallu S, Mirzaei E, Zakeri Bazmandeh A, Ghaderi
Jafarbeigloo HR, Khorshidi H. Addressing antimicrobial
properties in guided tissue/bone regeneration membrane:
enhancing effectiveness in periodontitis treatment. ACS Infect
Dis. 2024;10(3):779-807.

52- Venmathi Maran B, Alagar B, Jeyachandran S, Kimura M.
A Review on the Electrospinning of Polymer Nanofibers and Its
Biomedical Applications. J] Compos Sci. 2024;8(1):32.

53- Oprea M, Voicu SI. Recent advances in applications of
cellulose derivatives-based composite membranes with
hydroxyapatite. Materials. 2020;13(11):2481.

54- Zhang S, Yan D, Zhao L, Lin J. Composite fibrous
membrane comprising PLA and PCL fibers for biomedical
application. Compos Commun. 2022;34:101268.

55- Li M, Cheng G, Xiao S, Jiang B, Guo S, Ding Y. Biomimetic
Mineralized Hydroxyapatite-Fish-Scale ~ Collagen/Chitosan
Nanofibrous Membranes Promote Osteogenesis for Periodontal
Tissue Regeneration. ACS Biomater Sci Eng. 2024;10(8):
5108-21.

56- Xiang J, Li Y, Ren M, He P, Liu F, Jing Z, et al. Sandwich-
like nanocomposite electrospun silk fibroin membrane to
promote osteogenesis and antibacterial activities. Appl Mater
Today. 2022;26:101273.

57- Arroyo-Reyes BL, Gomez-Muiioz CL, Zaca-Moran P,
Galindo-Ramirez F, Morales-Sanchez MA. Fabrication of a
PLA/PVA-BIO-HA  Polymeric = Membrane by  the
Electrospinning Technique. Fibers. 2024;12(33):1-13.

58- Wang JY, Liang L, Shang W, Ismail NH, Awang RA. Effects
of hydroxylapatite microtubules/polylactic acid guided tissue
regeneration membrane on periodontal bone. Process Biochem.
2023;133:209-19.

59- Zhong ML, Lin JX, He ZM, Wu WC, Ji DH, Zhang RC,
et al. Bi-layered PLGA electrospun membrane with occlusive
and osteogenic properties for periodontal regeneration. J Bioact
Compat Polym. 2022;37(4):284-98.

60- Yang F, Wang M, Wu C, Han YT, Jiang YZ, Tan L, et al.
Polycaprolactone/gelatin/ZIF-8  nanofiber ~membrane for
advanced guided tissue regeneration in periodontal therapy. Int J

Y

Biol Macromol. 2024;279(Pt 3):135338.

61- Dhinasekaran D, Vimalraj S, Rajendran AR, Saravanan S,
Purushothaman B, Subramaniam  B. Bio-inspired
multifunctional collagen/electrospun bioactive glass membranes
for bone tissue engineering applications. Mater Sci Eng C Mater
Biol Appl. 2021;126:111856.

62- Xu H, Shen M, Shang H, Xu W, Zhang S, Yang HR, et al.
Osteoconductive and antibacterial poly (lactic acid) fibrous
membranes impregnated with biobased nanocarbons for
biodegradable bone regenerative scaffolds. Ind Eng Chem Res.
2021;60(32):12021-31.

63- Mahmoud AH, Han Y, Dal-Fabbro R, Daghrery A, Xu J,
Kaigler D, et al. Nanoscale B-TCP-laden GeIMA/PCL composite
membrane for guided bone regeneration. ACS Appl Mater
Interfaces. 2023;15(27):32121-35.

64- Chen WC, Ko CY, Chang KC, Chen CH, Lin DJ. Preparation
of electrospun silver/poly (vinyl alcohol) fibrous membranes and
characterization of the effect of sterilization processes on the
antibacterial activity. J Ind Text. 2022;51(4 Suppl):7205S-
72228.

65- Chowdhury MA, Hossain N, Shahid MA, Alam MJ, Hossain
SM, Uddin MI, et al. Development of SiC-TiO2-Graphene neem
extracted antimicrobial nano membrane for enhancement of
multiphysical properties and future prospect in dental implant
applications. Heliyon. 2022;8(9):e10603.

66- Ezzati A, Nokhodchi A, Ziaei N, Mirzaeei S. Fabrication and
evaluating the potentials of minocycline hydrochloride-loaded
nanofibrous membranes in periodontal guided tissue
regeneration: In vivo release and biocompatibility analysis. J
Drug Deliv Sci Technol. 2023;88:104919.

67- Brimo N, Serdaroglu DK, Uyar T, Uysal B, kic1 EB, Dikmen
M, et al. Novel electrospun polymeric nanofibers loaded
different medicaments as drug delivery systems for regenerative
endodontics. Curr Drug Deliv. 2023;20(7):992-1014.

68- Ferreira JO, Zambuzi GC, Camargos CHM, Carvalho ACW,
Ferreira MP, Rezende CA, et al. Zein and hydroxypropyl
methylcellulose acetate succinate microfibers combined with
metronidazole benzoate and/or metronidazole-incorporated
cellulose nanofibrils for potential periodontal treatment. Int J
Biol Macromol. 2024;261:129701.

69- He P, Li Y, Huang Z, Guo ZZ, Luo B, Zhou CR, et al. A
multifunctional coaxial fiber membrane loaded with dual drugs
for guided tissue regeneration. J Biomater Appl.
2020;34(8):1041-51.

70- Shakeri H, Haghbin Nazarpak M, Imani R, Tayebi L. Poly
(I-lactic acid)-based modified nanofibrous membrane with dual
drug release capability for GBR application. Int J Biol
Macromol. 2023;231:123201.

71- Lang Y, Wang B, Chang MW, Sun R, Zhang L. Sandwich-
structured electrospun pH-responsive dental pastes for anti-
caries.  Colloids Surf A  Physicochem Eng  Asp.
2023;668:131399.

72- Ye J, Li J, Wang X, Wang Q, Wang S, Wang H, et al.
Preparation of bacterial cellulose-based antibacterial membranes
with prolonged release of drugs: emphasis on the chemical


https://jdm.tums.ac.ir/article-1-6318-en.html

[ Downloaded from jdm.tums.ac.ir on 2025-04-20 ]

S llie

Ve oo o) dlio KA 6,90) e S olXisily | Si50l6s dloe
O 09°) O 2 b

structure of drugs. Carbohydr Polym. 2024;323:121379.

73- de Carvalho LD, Peres BU, Shen Y, Haapasalo M, Maezono
H, Manso AP, et al. Chlorhexidine-Containing Electrospun
Polymeric Nanofibers for Dental Applications: An In Vitro
Study. Antibiotics. 2023;12(9):1414.

74- Chen ZJ, Lv JC, Wang ZG, Wang FY, Huang RH, Zheng
ZL, et al. Polycaprolactone electrospun nanofiber membrane
with sustained chlorohexidine release capability against oral
pathogens. J Funct Biomater. 2022;13(4):280.

75- Carvalho LD, Peres BU, Maezono H, Shen Y, Haapasalo M,
Jackson J, et al. Doxycycline release and antibacterial activity
from PMMA/PEO electrospun fiber mats. J Appl Oral Sci.
2019;27:€20180663.

76- Yan W, Yang F, Liu Z, Wen Q, Gao Y, Niu X, et al. Anti-
Inflammatory and Mineralization Effects of an ASP/PLGA-
ASP/ACP/PLLA-PLGA Composite Membrane as a Dental Pulp
Capping Agent. J Funct Biomater. 2022;13(3):106.

77- Kegeciler-Emir C, Basaran-Elalmis Y, Sahin YM, Bulus E,
Yiicel S. Fabrication and characterization of chlorhexidine
gluconate loaded poly (vinyl alcohol)/45S5 nano-bioactive glass
nanofibrous membrane for guided tissue regeneration
applications. Biopolymers. 2023;114(10):e23562.

78- Yang F, Wang J, Li X, Jia Z, Wang Q, Yu D, et al.
Electrospinning of a sandwich-structured membrane with
sustained release capability and long-term anti-inflammatory
effects for dental pulp regeneration. Bio-Design Manuf.
2022;5(2):305-17.

79- Sharif F, Tabassum S, Mustafa W, Asif A, Zarif F, Tariq M,

yY

et al. Bioresorbable antibacterial PCL-PLA-nHA composite
membranes for oral and maxillofacial defects. Polym Compos.
2019;40(4):1564-75.

80- Abdel-Hady BM, Ekram B, Miiller WEG, Gad AAM, Wang
X, Schroder HC, et al. Ascorbyl palmitate—PCL fiber mats
loaded with strontium polyphosphate nanoparticles for guided
bone regeneration. Polym Bull. 2024;81(4):3355-74.

81- Marques D, Teixeira LN, Elias CN, Lemos AB, Martinez EF.
Surface topography of resorbable porcine collagen membranes,
and their effect on early osteogenesis: An in vitro study. J
Stomatol Oral Maxillofac Surg. 2023;124(6):101607.

82- Shi X, Li X, Tian Y, Qu X, Zhai S, Liu Y, et al. Physical,
mechanical, and biological properties of collagen membranes for
guided bone regeneration: a comparative in vitro study. BMC
Oral Health. 2023;23(1):510.

83- Schlegel AK, Mohler H, Busch F, Mehl A. Preclinical and
clinical studies of a collagen membrane (Bio-Gide®).
Biomaterials. 1997;18(7):535-8.

84- Wang J, Wang L, Zhou Z, Lai H, Xu P, Liao L, et al.
Biodegradable polymer membranes applied in guided
bone/tissue regeneration: a review. Polymers. 2016;8(4):115.
85- Solomon SM, Sufaru IG, Teslaru S, Ghiciuc CM, Stafie CS.
Finding the perfect membrane: Current knowledge on barrier
membranes in regenerative procedures: A descriptive review.
Appl Sci. 2022;12(3):1042.

86- Alauddin MS, Hayei NA, Sabarudin MA, Baharin NH.
Barrier membrane in regenerative therapy: a narrative review.
Membranes. 2022;12(5):444.


https://jdm.tums.ac.ir/article-1-6318-en.html
http://www.tcpdf.org

