[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

WAA/Y/B:cdl 4o go b O3 (Sguo vl (S iy pole oSty (dgfy cole alzo

WAABNA: oy iy Fo,6 AR (2398 Sy 0)loh (ol 9 Conmnnt 099

C8b (5wl yobuiods SO (cwiigo 30 Ty GBS 310 3 (539 0
RS

T 05 e " S Mo (s (| s yo aguzmo M 0 st (I i 3T

s s gl o] 2l o ol b cans oo Lt ) oV 3l corhl a5 el Lol 5l el tdaniie
055] o e (i Do 5 lag)ls SaS b ey (2 b 5055055 ey Gl 45 Gl (14T 4 ol b it
gy il 53,5 oy alaz 5l ¢ NKhe Judods Waaigey ol Lol g oo oolitl lsinl slodisn 5l yidus oSt ol sl
ooy 1y 00y el 3Ll Sy SaS L olgs oo 0)lge ol 50 aiiud axlge soliiul Cosgame b sl slo 2iSTy 5 conlio
R0 ez slocal s sl 1) s el (il pesige 5 Sl sl slagis, S L (sSluil (i o8
Slocawl (S 50 1) wed pud Gl b Spup 45 AiS oSS edd cwdige laojle S o olm! Slgseil
o)l s oolts ook Copad! &) il lie s Sgegy el sk y3bas 5 Consl paay 426 yCanss)l il ¢ gzl
Seglsmel 28l gl oad cwaige slace s Cunal Bl Dliogas (rizes o)l 55 e Gleteial Sl pwaipe s
2 Ol S8b (cwdige slacun )l (b cilite glagty, 5 (Sl Gl b (o plSouiul (JH LSl talex
oz o)f 5l a5 wload solaiul lggeinl S8l pwsite lp (9ite (oras 5 (b DS S b 4 b ailad 53 con 590
Foe SlaS 5 plyed sy GlacSisl 0,5 0 )Ll oSl 5 (cogian 5 (ormb s s ol b pocdy S ll 4 (g o0
Rl g iS5 Jlail o5 attn Jlb G sloaded dap] o pnge alox 5l 45wyl IS il cwaige glaanls o
S3besl p2 Fge OlaS 5 plgie 4 (G GaSeliw (o) 4 Geizee Alie (ol jo aime e il ) (Sl sla gl

S 00 4...>|.>J.. Q‘PL"""" &_ASL’

sbiiody Ol (oo 30 Tly GRCw)Id 3 (53950 > ST (e (G>de igme (> e (Sl oz Dl gl
FYVO-0F :(V) YA Y9 05 Bodo gl (S pyle olfisls ciwgh sole alos . ylgduiwl b 65Lw3b

Olplm g rl..’ar o iils 'f”k’ 228wl ;o‘wl&.‘b Cann j b,)f iyl U.wl}..‘l'uls—\

(B930S Sloys Sublagy Oloss 9 (S sy pole oL 03 Jio 3l pole 35l g fy (Bl (wdigo 9 (Subjy (ST)9iST 95U Olidions 35 po ¢ 555 -V
Ol 30 0350

Ozl 33 LBl (59U3 9 ple <)L LT ponly Luwy 2o &S 1o o5 583 -V

Olpl s 350 (B93o 3apid Sloys blagr ©loss 9 Sy pole oS ¢ S gl py 02815 (S 3y (295 S SI9LS 9 pole 89,5 (5,555 -F

AUV FAYYYA) 2 g G920 NADIDNIK@gMail.com : ;Sog sSUl g c« VNPV BP VIV 1005 (U gianno d3danns 95


mailto:habibnik@habibnik@ssu.ac.ir
http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

Sy gy ol 451 D) e JUE 53 cloa )
(Pl as e Jy ol | Gl Sl sla 2Ty
a8 ol jlew slp 1) e gVl Sxl)b g 050 ol Sas
Ghay e oleFl Wsn Gopl 4 B az ST alple ()
A5l Wgn egd e Wgwm 5l e g el 00gs o sl
el gngy ol Elae b (Sloyd bg, cnl Ll sl g5t
g mlin (sign S8b (3,5 Iy )3 Cudgazme 4 (g o alex
Sl Fr 0 Nem Gl Oleiel bl oS
izt waze (2z 45l (0 0) Gepginl aile Sl
Ol b b 5oy9% gz pae g lag Lo JUHl 5 cigie
5 cdl Sl i sy, boawslie jo . (V)) 0,8 o Lal
8 Jsbe igsy ol 8 b nigs 231,55
) oo ,S3 sladign OIS sl (Autogenous) sl
odige Bl wiige ol ol @Bly )3 opee il
OY) Coloads aid 5 el S5l

Cl (i

st 4 daz sbedl w5 (b ple Cdl i
Cawd Sl laciand 03l 5 00s awl slaplal puo )3
st on GBSl w0 el ilie ¥ods 4,
wged o nlple @)l sazme wdy Cur YL el
Sl ¥ Loy g 35,000 e & Sl (uiign S conlo
50 il g ailes 0,05 oo die) cpl jo o B (]l
(Bone-tissue gl cdl gwsige ol ple
Wy sla,es deJole  glgl 5l sl (engineering
5 bl alexr 5l Jd can slabols g Lo g
H8ba O CanlaJob Gloiidy g Lad> jolaieds da 59 000
00 (guodigen Cam)ld (gl 232 de 2y ZOL pwiins IS
OF) ol il 0, (sl 5356 4 Lo Jsl

Olgoiw! Cdl (pwaigo 50 ok s Jolw

0y sl g b sl gl 4y oyl il cwiige
5 by Sl ol 4y b oyls 5l gl oo s sl
L oyl ey pslaions bl glsil 5l eolitul ogas
el el ads el Sl gla sl jles
sladgbe (IS jsbes Ll wijlo (onlee g Ll )55 (slaJobe

AR (52059 58 « G 0louds cplid g Cowuny 0,90

Olggeiwl <8l (g5l jotiin &y Cb (cwadg 5 guly G CwmyId 1 (55950

30 Glegiwl cdl alfais 5 Gglate glaod Slos 4y azg5 L

Lo 50 lon b anlo ol Jlist &5 65mi 0 o
o B b o 1y 08 (Sai5 g s ol g ol ]
S bl shls Glgzenl wnls S obnl Jlisay ans
SzsS slacauwl § b SuSs 10 Cosl (50554055 puny
a5 gysbas 0,5 so plnl G Lawg loys Wig,y el
wlogiel 5 ot lagshe Slysinl conl SO Jlise
997 ge lashe ;03 g la3lg So ol jenay (23l ;5 9290
s9bar e gxiul 5 acadhginl alox I plgsinl cél,
I, somey sl Slas 51 g,li] b oS o codlad Sinlon
ol Ll (V) iy i olgseinl 4 00)ly ol Sgup jelaieas
5 b SKSs o a5 (g ebay atil plcossame oo Ll
oz wssliple plS SIL lslal pezmen S)p ogee
Oy Om 3l g JBegn WS plesul sbul (09>
5 03958 5l S5 G fawgs leyd dwgy dlog i 1 ) (gt
Qg ojgpel (V) il oo o5 hwy s a4 LS
Soshi polieds (>l Sy, rdslte 5 So GlyFe
(F,0) aib oo (Orthopedic) gusgs,l jo lesenl 3lusl 4
(Xenograft) célSg; 4 Glgee Joue slosigs
5,5 o,lul (Autograft) il Sel 4 (Allograft) .l Soll
slaaiss Jio Koo s I &5 cwl g (281555
5 cdgie wigy ool 5l (LA6 Sl 098 00 a3 S Sl
Sy 4y Cewl Sew a5 Wil oo sl sla STy ol
b 2ol 5 Ysene a5 ol gwign <591 53,5 Wi
ol o9 g0 48,5 gl Spo il Gy il slacadss
sogissly 5l olazl jgliea wisn cul Sl esliiul g
ol Jab5 joboar il s g0 23l wighe I 5 (ool
el izl ol 58 005 il (> 0 &5 w09
S9reS 4 (lgise Mg g5 (nl Slaasgame |09y 00
Ol ez (£, Y) 0,5 o Lil gam slacigas ¢ caisS laal
ol 5 e Gl o5z b lan JEl s g
CElSST (A o)l 1) Gign i S 08 4 oS laal o8

G idu 4 0,8 G s bl cewd a5 Cl Wi

O3 (Hgo dugely Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

Ol ob g (032 (I CS a5 -

sho oy sledsho desbo oal e et wlis
Sl 4 Wl e (Sload Sy ©D)ged oS aites il
ol slaJoho 51 6500 09,5 (V) wigd Jras (Slgsen
S 3525 oz 2l 5l T Jlasiul Sl a4 ortilie
Jlaul cde 4y o5 wwe o <8l ol sl Jsbo
ol slashe a5 Lxl 5l ()b 5l ails cozme )l gl
Wl oo Sl Cdl @ sl 5 S005 peivlis
WS (o0 S5 25 gl pee i )3 oS s e Job (ol
ATY) i b St g gl Sl oan )i adgl ate 5
Jobo s il waipe o sk ol 5l oslizal el L
Sy 9 lmgod S5y 2 poiwls Cabloy Ly S (Slayo
ol & (w9 3 (e (hie ST plgginl c8b (b
Hbgoln gladshe 51 %3 055 sl o ool
(Endothelial Progenitor Cells) JLLgail 5l i slo gl
@ S8 gl bl 5o bdshe Gl Cuze s
» dsle (nl ol LSa5 b o il o oS, @S
(VY)W oo 2L (oo (95 5 Gyl je
Dl C8l (pwiige ;0 il (3lail oz lnle
St Bl (59) 2 (sordilie ) golty (slo sl
W1, s gl cdl colo b wgd o oS 55k
(VH) S 135 S5l 5 Jolss e 8L L ailgny g auS’
Syl 8l Sy JlS5 S 2l s otz
A0 ey 4 Cad by, (nl WS (o0 @l B ] S5 5l
a0l il glacuie Sl gladisy ale>
Olszeal 3losl s o3l sl sk 5l osliial Sis 45 5 5k
WS eSS o gt cile 4 gliS, @l opdle
s s F, el cl cale asliz woplpln (Y0)
oS a4t ool el Sgo il 4o sl
(Adipose sb L oy <l 5l ais 5 Lice oleg il slo Jokes
o35 o o derived Stromal Vascular Fraction) (SVF)
2oodle @z S8k S poba (VF) WpSoe |3 axy
b plog il ladsbo 5 (59,50 Comaz ol lacusgpno]
docedlgrd o o> sk Jold a5 el (SVF) ol
sl sk 5 Slo M sla sl e Jubsal (slo sk

VAR (120598 (S 0,5lods (pilid 9 Comans 0590

v red S e 4y s aniidlye Boes a5 &b ol
Ol S8L - pwiine sl s e S 5 oo
ety L parilie g3l sl Joho (1) i sllas
Slashe o goad Bl By a8 5 lyinl cle Ul
Elgl 511 gl e se 4S5 aites Slgseinl cél jle i
Iy @ <8l lpal e e 5l acdly 5l sl
oS Jsbw pl .(VF) o5 las (periosteum) esgiiwls
ool Caws 3l e wiS oo olo |y seniilie o SL
5 Ngdee ool i e )3 (gilugi 93 Ul 5 o8l
oy iS5 ees 2ladobe 4 ple Ul ol o
ol oz (VY)W 1) 0,8 g Cedigiil ‘wmﬂ
9 ke 0B 5 Wb ) SYsb sl ojes S0 2SS
Sldshe A wited ol gl S 2Ty s
Ol lojl coz (S50 pled ol (certilie ol
Yool Jlo j0 a8 wog SlaS gl (2l SKa 5 65,155 .05l

QSQL'-*-’ le“‘ P (e uBL (o )l oolazwl L 6.))1_,_9

03,5 gl Spgon plsinl lusl 4 L cartile
lglssinl o s Sluls glyls w@allas 8js0 o )lews
oSl 093 pagh 0 gl ey o
5 A anle e US55 ojlail 4 1) coil] Sy 0
d5 41y oyl o J) Bite mntilie okt sl sl
S e lag)T g 5l ol gl 00,5 3)ls o (sl ol
Gl g oad 4Bl Capls o bl ele O-Y e o oS
O Slas plail ole VY iS5l am g ead 1,8, b
b aS oloshe opyhodes (0, Vo) b o b 1) 055 b
Sl sk wlosd 3,5 5 4y sl silil o Jb 4
(Bone Marrow-Derived  lsoenl jre  coniilye g0l
3 as 8 Lice gols sl Jolw Mesenchymal Stem Cells)
ok sl Jsbe (Adipose Derived Stem Cells) o> <él
(Umbilical Cord Blood
@b gbdsle

oy » ol sl Jskw ¢ (Embryonic Stem Cells) ..o

S g el

Mesenchymal  Stem  Cells)

(F) asb s (Induced Pluripotent Stem Cells) Ll

O3 (Hgo dugely Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

ol (sl Gl (i et o SlSo oSl
sled gl 9 S0 28 21yl (rmb 8L iluand
St Cala 53,5 8l 5 sl il sl sk o
@ dalol o (VF) aab Ll 1) Sis b o slacal sl p
ol oals aiB oy o0l S Slogas v,y

LBy

ran Sl Gl poe Gline & Canlo S (6,8 Lot
by Fobo cdlsd 5l Solos Ul mizpa cl G 12
Sl 5 bl )80 pUly alox 51 aio)50 il
Sl S wls st Can)ls )b 5l el Jskus
Comylo azsliz (YO) il aiils Siledugw 5 2d90 (som
Gz S8b Coled po Wl plyaia g oo e HHIS)ge
ETURERNI [ SEE S TP YN B I
WSl il 1) o b caslie )5 5lecen; g 2l gom
(YF) 00,5 oo Ca)ls jolne sl S o 5 Wign o, Ecly

G B Conn

Sl (2,05 55 5l Sl O )le 6 e S S
5 oads a3l )T 5 Can s 45 (6 ymnly o S5 5l oxs a5
Gl @ 0ad aBle S yls axilis iz ed al Gl L3S
Gy b o b 5l Cawy 5 0pd Wsm o
ol Sy gt 4 i B sl (s iy,
S Sleeinl Glacaw! )lge 5l 6 ks j0 (YY) Digh oo
Golsb ol 5wl a8 s ool il &5 el
Olyse 4 Byo b IS 4 lacn fs nlply suns Syl
ool Sl 5l slaJsbr S zlee sl 3] olS Sy
500,53k 1) Sdge 8 Sy (nlpln WS e Jos gl

sl adls spdiceps B Wl jee a

T oSeple dasho B aiS (oo ST ()5 (5 v 5
by Sl sl o 1y ol 5 4l |y s mgase Jsbo
Ol el oo & 523 K00 (gloJshos g yiay cnlplty ot
WS (o0 g [ oad ool (S5 4 &5 (o5l (59) 2 02
o b, 5 4 el yanly a5 ool oyl Coanl e XS5 (YA)
ke Gy Oliogs il oS Gl ogdle Cunls sl
5 <l sl Wb 55 gl w5l L6 S¥game wril

D g2yn 3| Bl 3y gt 52 4 23S o Sl

VAR (120598 (S 0,5lods (pilid 9 Comans 0590

Ol <8l (g5l jotiin &y Cb (oo 5o guly s Cww IS (55950

g sla il o Tedee LYY, YA) ail oo g0l
8L o ST g 2ld0lge JUl o Cosgaze lgmeinl cil
ol gwdigee 8L H0 (g5l plply cwl sl pwdigs
Sdsbe o b Lulys o ol Coesl Bl L
B G sbabgign ()1 gl )0 enidlie g0l
s Bk slasls oage p 1) olde SYols aalsg g 85,5 oo
Crrle GSISE Sl s gee S5 4 ladile ol
(VA )l il o> b3l 6185 )9 9 05 (o0

b (owiigeo b Comnyls

Bl il £ & a5 b iy ilisie slocly s ook
Ol WS (ool 5 ) e e W JsSIge Sty 5l ool
Jske SLEL o 1y Jodoie 5 oz m )0 450l S5 3lge
sonel Jsho z)5 uSiple S opl 45 odls LSis
Eyazo 4 Milior 2ISS 5 05 ol 55y » ke 5 0900
S oghoe wdS S8l (Jobw )b Sople g ok
PR 9 S0 e sk I e G sladeke
a8y Jebw 5 Sl 9y 2 PlE S ladl
PSCUSREIRNPE SN E LIS gree g
B0 (Slojlus )l 09 o 0l Cen)lo 098 oo aiS Lo
9 edl 4 b sk ples 5 225 (Jlail (Joho (Slaiiy S
@ ojle ol plolyw (YY) 05,00 jloday HUatl 590 slacl
2ol o 4325 liss LB 5 hlisie (slaiays b ol e
Gl 3l essel (V) dsiiee O Sl 5 00,8 0y o
Sl i Sle g)ls abex l calide glaaie) ;o lacea)ls
2 ol oplS el g eolinal Gloys sk s
) el (gLl (S 9 2L gwiige
OlgFiw! Ll (waigo b oyl 31 Akl 390 (plg>

ek ol s s ol il gl 4 x5 |
Sl 390 L (53lusl Hokaieds oy At slacdly
elie (Seloge 5 (oilrobon ((Sajlem (olo> b ogata
o5 solge dadly Lo asilen (FF) il S5 )50 b 1 L
s b gyise IS & Syl il LIS (s3lusly pliien
GRN S Sl Gezes Sheosas
o 3l 2 0 (sloygiSle 5 ol il g S50
oz 5 s see il b casline SulSe Slaogas iy

O3 (Hgo dugeld (Sloyd = (Sl lods g (S pale oGS alo


http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

Ol ob g (032 (I CS a5 -

S sla SRy s 5l (FO) sedise oy i fegySes
99 4 Cowjlo Al il 0 ol déle b)) Josl Coa o
clay alhulga aiw 8l W)l 9szg b 5 A Syge
o) gl 4 Bl (pl igdioo bz (Jgrm golaw 5l >
B ok 4 b d8lie e e yiws 0 IS 0 9 Wl
w23 0e5 49,0 ;0 1) 13lE g Dlule dga5 ISl g ails ol
Slee a5kl a5 Jl jo wims mals 1) can)ls S
(FF) s o3 olge ;250 5 jlaasl g JUS

3l Glggenl cil cwaige Cals 1 Sl ol
@ Gpdlbsl J e 0 g Y (SOl plSoul
ey sl g g Jood Ul (F7) wdl Jlsyo5 0
Ozl 80 S9 093 | 550,00 b i (5,18, g bl
6o B il Sl 5 5050 2l (S ol
I el cdb 28, Jdoo g ey pae a5 > all anils
(s o yld S5 ol 51 SO (FY) ol Jlisay
@S Sl cpl cdl gilusl jekateds Bgyae g ezl cél
gz B Sl S LSS b s s cals
Iy cdlb g5lsl Wgy eSS b cilS alasd 51 canlio o ,Slas
LFA) ab asls
5 00,8 plnil o) 4 o] sy o) lasle oz
Sl ol 55 (Jobo nled 5 2S5l 4 bgyye Jlosl
aS Lol Slogtwl lacan)ls 550 ;0 (FA) 098 puo
O eSE asls WL]‘;«.SB)M 6ol ladedy laseinl
5 Gl (Sloanl slacanls jsle o Sy
aS,ebay (00) wwo e Gl ) Slesal Selys
Loy )ls Sliogas g5) 2 5l wliie jo Sl s p00
BY) 05 oo Gl 1o (536l o JISIT

Gilwlgguw! Wl cools

Wl sl Gl Wb cdl pwaige Canyls
W Glggenl (6,8 IS oS Soe ol 4 il glelgseial
o G slasho o318 5 5 sla Ui o, 511,

anld Sy el Gl O, oY) wS W e

VAR (120598 (S 0,5lods (pilid 9 Comans 0590

Sl (3l g oyl B s izied Nigd o L
Sl dolre lesl jo a8 il gl a4 wlb s )50
o 3ol el g S L g 3 s il
Wb s & Jloay] Canls S oS0 Syleas (K1) sl
b sl sl adls Gl <l alie Sl Slaogas
s aie Sloy ojl o0 Gl Sy ol
Gy JAS B (Fab o ol Sysb 4 sl iy
oads slml JB slalas LS,QI)T A Ay e plodl L;MT
25l 4 arh pliiee Sl o 55500 ol IS (o) 5
IS (6 iy 5 5,08 (FA) 05 0 ol (slalad o
ol Mo ail Sglize Wb sl 5,5 Lelol 5 o
Loole & b oyl ojpe oyt <l peoy gl oid azsle
a8) )5 @ glacun s @l a5 Jb )0 wigd B i
(Fraw) oo P UY a4 by ol S8 5 dazmez axl o

s SOl waige Conpyls LSl ol sl
b g condygiad cla sk b aily il 315 o3l 45 sl
ety 1y ol et 5 255 Sy Sy sl o
s Sl S e |y Sty plgil LSS 5 05
O ol conlio 40+ YL 55w lgseinl cdl wiige
Ay el weals gladlate e 4 s GiolEl cel Sl
B¢ JS5 g Canyls ulipw o 1y b ole 335 @iy s
Oz (FV) S o s | o il GlLbl o Ses
@l G Wl Blge g 5nST (2188 Sl Lasil o JSS
G e (Jodow oy iuli8l boas 0gd axgi o)l
(FY) b o 2alS SOl plSoil ¢ 258l

Jloas! Caasylo sl (gl ol )b 51 o0 (SG ddlio o1l
5 M Gl 5l y5eST 5 2138 Slge B ol o o] 38Le o5l
5hms Slge g iy sk 4 @05 j5e >, 4 ol 258
Sy il wuls dle ol s S #83 5 00)5 Heue Loyl
T 4y (FY) WS e |, SlSe plSod a5 wil
9 sk 358 Blo g 0ol Sgiae Jobo Lawgi 45wl S8
oSoyle Sl o g 0el Cawls S bl 4 §gye
&l Jdss ojlal J8las (FF) WS ool P! Jslo 7,15
-Olsi] jslatedy ailise g Sae Ve Jlow) Calo S
Voo 5l 555 sladsdss ojlail ( So> Ggpe JSi5 5 5l

O3 (Hgo dugely Sloyd = (Sl lods g (S pele oGS alo


http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

039 AP0 d90> oole pl ailsa yragl O-Y+ (ose g ytegil
979 4 OloFetal D08 g (S 9w oo JST ) g
g8 OIS loyeed Jalis plszl (JT it ol s o]
O sloyd (F1) wdlioe GemlSgtinl g Getigrinl oS
5 srdy Blasl (¥l Gliginl bS5l 4 S5 gg
ogs ag a4 oIS Glayed wisu e (2S5 el
5 Wl gyl o a5l JSte (PN slad b glozz!
b alSoinl (FY) wilead Sis 000 b lag] oS s
S 0 bl S g0 5 DI jpi> a4 aidy lsseia
Jolis Glgsmnl b b sk FY) bl 0S5
e casdlgiiwl bl s CudlS giiul § Comgiinn] cadlsiznl
sl cortilie g3l sladshe 5l a5 win oo sl
b oSl iy s oy ol adsl o Sles 5 wigd e
b Jos 9 e 5o ook cnl il Gl (Jole
Sl 5 5y GBS F o o 5l Dise @ plei
S2F =5 sgae badsle ol (F0) Wl b 8l SooS
5o bawdlginl w0 JSis 1) glagenl slo Jokw JS
o opl e aiS e sileplsid sy Jb el
3 olSiuss ((ptd sanidlygail ad (gl by ey
S nl ) aies goasie (5 o5 5g 5 48l W,
FF) Nph o paia (oS 2l b sl 90 4 bag]
2 S B ezmes oy else Sl grrs b e dgiil
ad, ,e5B  (Insulin - Growth  Factor)  yJgudl
a%, Jele  (Fibroblast Growth Factor)  ouwdg,d
5 Ly b, 45 (Platelet derived Growth Factor) s,
(Bone Morphogenet ic 15 lssiwl SG50le9, 90 (sl yuiis
Syge,90 oS e WS oo 3 | Proteins)
2 OV 9 O9ymien plgmdl by dg Sl )
Sy 9 wsMgtiwl (FO, ££) &)l 18 lacasdlgiiwl
g 3l 518 093 Slggiul uSo5le o Jld jge 4 L Wl
spaml Cov by aS e ileglil Sl ol
odd Jld e g adF 13 (ol spyaely JoboS )
O PR IR W G R < -
= Jokos 224220 lacamgtinl (FV) Nigd so 09uali Comsgiin

- oo JUo YO (oYL byl e g wilosls JSis 1) Slaseral sla

VAR (120598 (S 0,5lods (pilid 9 Comans 0590

Ol <8l (g5l jotiin &y Cb (oo 5o guly s Cww IS (55950

O b (oot g LSl bug Sud 4 oS Sl
Al J2lo jo 9 plid 3 & jsoas gledesl Gl ogd oo
(0F) o 0 &) bzl

OlgFiu] S8l (pwiigo GdCun,ls (2,0

M9 n ool Sueal 5l CBL pwiige Sunls (AL
o) epd 55 S cemlio Slge Ll ol oS ol
Ot @ a2 L 00) wilkioo asbe slp (oo 8 5 JB5Le
Se g Sreh B SG il St (3lgs (oS 5 pleFel &S
Sl gmdiges Semls (L sln (0F) Wiloe (Sone B
Lo 58 99 5o ol slp p3¥ Ll pd a5 315 ©)955 (lgen
3 o 3553 5 lacSal s 5l Gine 56 55 Ysane 055
—erb ok ol 2SS Ly e b b o jecdy
ssbiteds 09dse odlitul (g —(ormb pedly g (b
@iloe 3l AT lymial S8l pwaige Cumls (b
S 1z el (5550 Sl Ol oo 5 ol el (g
e 9 S3losl S e Syl 28l slml el Soa
Loakaly 1o (6 paBue geags lail adlsl jo (BY) el lgsein
cobis sl pos Censy (Byre 4 e g 00ls lgseial cél
il o0 41318 5y g il 5kl 6l

Olgeim! <l

laglinl (OA) Cosl B9ye p jlems 9 by (L (s
lopladl 5| cblis diby o5 aitas Sl i gl
Sul Grizes W)l one 2 ) Gl g ) e Gz (et
S esge |y il e85 e 5 Sl plSoi
prdgilie (azmen (% 31y (90 08 elal b laglesil
SIS oo Ll 25 o liwged elal 53 (g tegid 5 kS
Fd g mieke S (97 (Soxe Slge 033 rie 5 (BY)
5 Pk o oSSl Gl cdl (P wdles
oo T Sl Sl ot S5 gl sla ok
TA sgao ol onss Sas JT e g JT s 9o
S5 Gama slge 1AV 5 iy VY Ol ) gl
9 peeelS Sl yS oS slagyn ol (Sane (25w el 00
Sl oSy Olgiear plsial (i3 nl il Sland
sl 5 06 e ai3lis Cann(PORs(OH)s oleards o, b

e Jsb & U5 g 5 4855 8 sl Jlies 5 5900 ]

O3 (Hgo dugeld (Sloyd = (Sl lods g (S pale oGS alo


http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

Ol ob g (032 (I CS a5 -

wblas @i )0 cege LA CadS giul 5 Candbsiinl slo
A ol S o iyl S el a5 5yl
Ll 5 ey ez o el plosial Slizl o St ) (S
che @lid Ojpo @ psiiusnil gy I @ Gl
A el ol 1, i g JIS5,55 sl L5
Sl (7)) wdlos oSy JUB 5 sl 2 So> slaS; il
Sy S loorigm Llod 5l (5,88 5 (ribal Syt
B 5k (P se Sglite g3l Sl 5l g st
slaglyanl 3 Jobo )b S5l plesle 5 355
sgde Sladis g (Fame el Ll Dglite (5,45 9 (rial
Wgd oo 0dxel Mo 4 g, V-V Cles L 35 llaseis
b & JB o5 JUB Y 3550 po ilas S 13 e LS )0
aiboe Slacl s 3950 gl JUI cnl oo )13 (yle JUS
2y Szl Gladshe 435 wjgle JUB )0 09290 390
LY ol 4y (SroS abaioma ;o Slgseiwl Joho j0 .00l onge
Gob 3 Gesle JUS b absSY el w35 ) 5(Lacuna)

3 igd o e (yoSly (2850 SLJUE £ 4 (So)b s lme
5 Llowginal & e Slge 5 5eST )lme Cnl Bi)b
oogle JUBT Sy degerms 4 ainny o0 @b Slgzeal slagle
i3S s gl s (ol SLBI sl i 0-F
53 wBlbioe phite (wpsle s hls @51t slaglgseal
3979 ol e (bl glotial LSle o a5 Jb

(V) 053 o0 0038 a8l Ojg0 4 L ol

S Jst Gl aiz by Joke dacesdlS szl (BF) waly
e O sladsbe oS5l plal S8 4 &5 ates
FogSae Voo b lacedlSguiul jlas wilasd 5 JSA Comgige
S s so9isd slaml sl sk (il e ys0 o2
5 (&h) @ik Jors Lok (nl (FV) s (5 )05 9iue
gl o 5o o] oSl 5 s Gl (g5l JS
(A 0l o 003 ] slag gzl 4o
OlgFiwl 3L glgil
JS,55 b 6,85 ol g5 g0 5 Sl il
Sl oals JSas (Trabecular)  wawl 5 (Cortical)
JESNN ERVSURY I o N IR COW /9 RPN I PO
5 cbli> ol Lol oSlas 5 009 oS (g0l polis (g5l
Shne Olge SguaS a5 aBlae jo ol (Sl Cuaglie sl
Syl Sl G o (Slslie goly 1o i ol 310 0575
2ol el i g esls LSas 1, cdSul AYe il
ol p3 Glyzinl g9 cnl bl (SIple sl
gl slaglyal 5 (X ploFinl Guizes (o slae e
FoS JB555 plsgiad @ o lagyT el 05 o iy
S b Loy FF) s st gpdy Sllasil Jy
zaw o (Periosteum) poiulisn 5l oo slaglssel plos
Cowl ool LS5 (Endosteum) psiiwsas! l lagl A3
5 Placl ($iapmd GWgm 8L ol poxialsy (1 JS2)
QO Glginl Glaciend aan j0 00y ol cwl G S,

“Joke oog LIS 4 azgi Looyy cnl o)l 052y Bgpad 5l ne

() lssend plazsle ) s

AR (52059 58 « G 0louds cplid g Cowuny 0,90

O3 (Hgo dugely Sloyd = (Sl lods g (S pele oGS alo



http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

Foko (Sdtr b lopedy (U jgbas (VT) u5)ls
(VF) 0SS ool 1) 25>

ond Jyu8 llyd cou ek (nl oo gha0 gl ol
byl (SlSe olss g 6 pduce 55 cnlplo Wgb oo a5Lo
Slasil 5 5090 ele> olge 3l atws ol .cwl J oS LB
Gk Ole oo b yedy atus oyl BECADIESN S PSR Y
b el SV (L Dl eSg e b (S s
(VD) 0,5 o)Ll 5558y g plS b g el SCISONE

P sy o5 T g ol e Sl g
Sl ol ey jslaie 4 gagi)l g (Sdjplais
ol il sl lagldl wijls sl slge lsieay
A ‘S:Lm)l.,ﬂ Rrdsere SIVVEL 5 55 o¥e8 5 LS
S8 sl lls gy e L5 4 by iblS cole o aS
L PR S| W5 PR VRS WINE Vi VU ON SR VI R E SU I R
bome )0 5285 18 5l G R o 5l g 9 o0 ST
els> 59y 4 e a5 oads abl>l (555, Ol bwgi o
sl g ST (Sl elyr el gzmen oglladl
23,5 o0 (S 5 Sl S i Jad 3 gl la ST
Slocl gy Caz 38 Gla iS5l eslitul iz
L] oz g (o pin S o )y 4 e Slg5in
A Gl anld Gl a8 00,8 e o e lael o
3Ygd Jlo lgieay (Y2, YY) o)ls Jlsoas 1) oylb o Jlas
YL el b (Sigla st bume o (285 VVPL ()5 S5
o polis g odd (F9y05 lard bazme j3 gl cAlS IS
Dol 4y a5 S9doe by (i )3 SILS 5 095 (S een
o e jskiie ymedds (YA, YA) axieas [l o
B NS S g Doz Slge 4 pliwd Sux 1) 095
Ded (GpSel> oad S M jep 31 LB wleols
w ol 5l as sitee Sl olge 5l glatws vl g
b geme lasl g <8l 5l oloidn Cosli § ey jslaie
2 Seal g (F)) 05 o o0litl olasl s olidl S
ol Sg e Jold) (xmb 098 g0 4 Lide L
GF e il Sgae Jold) sxie 5 (Ol
WNodoo e (JL8 Cuny gloaiid 5 S Olind
o g bl p LSl g ;500 (Gaipmmds (A°)

VAR (53059 98 (S 0ylosds (il g St 0590

Olggiwl <8l (g5l jotiin &y Cb (cwad 5 guly G Cwmw IS (55950

w275 p silegleiul @ So (Sws g Byl o
w255 g Sileglstinl pee baulgl jo 0)ls (5 ol
Silile g Olyd a5 pes Bl 0 g ol Joles o
5 L 09y0 Dyge 90 4 Gleglstil o)l g o]
2 @la 09 GileglsFial 905 oo plowl (Bgpa8 (993
PSS ertilie ladole wmd e ) e slaglsFe
Wglee plete Cundlgrivl 4 ladshe ) g 9 aidly
Wl e laglgsanl o Beyat 49,0 (gilwlgi!
g e ) Bgpad petilye latl &5 (5)5b 4 Sl
(V) 098 o0 o GloFetul 4y By a2

o 1ol SOl (owiige b Camnylo SlS
O ygods dlg oo Cannyls Sl o ool 050 (sl yeudy
Sty b pde A Cew Grimed S bbb
Alwd dw & dlge pl 5 LF 18 solatil 550 pdb o s
) el s 15 Lo Salpos g e ginas o snplo

2 3szge Slge Sl ol Glasecly iorb b jealy
Shloe caws a4 Sllg> b Olpis (lals Jie cob
Gt (Slle (plys o)l & olgie ol sblse
hames al colee 5l omb el sl asSTy (b 2L
Oz (YY) 0,5 olil ol Sl plSouinl 4 b ol
wS oo Sl ) Jeke pled 5 2SS Jlail el )
s cpl o Jbd e ka5l SIS ek 4 LmQT (YY)
O 5ol a5 Wgd oo (o ahib 09,5 w4 byl
“o JUe ln &5 wiloe eisn o] Lice o ale ey
b eloyeed (V)8 o)l pio pl g (Y5 (o3 @ (g
sz whkize mlie j byard atws ol iy Slo L Lice
e ol anloe sty 05See 5 Sl (LS
Wapdgo STy 0n) sla ol b wiind o 28 Lo jerly
e e e P R L RUTC RIS Wy
5 DLl (login @ Gl oo ais ol 5l sl a8 s
-] Sy 000 Gy poms ad (¥ 10,5 o )Lil (g5l
b yosly 1 4w ol g oo it las Sl Lawgs a5 Lo
3 aulgs oo a8 > iles,S Balare 595 4y |, (gobj axgs
b oy 5w cul sl aldsi pdy waed Glie mlie

R PR E S B U -1 51 W PSR VISR S vy

O3 (Bgho vl (Sloyo = (bl lovs g (S pele oL aloxo


http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

Ol)od 9 (20502 (I S a5 -

Glooke gz cpl 5l 5 00,5 obnl cdl 5 lgminl S i
Sy S8l ATl e (V) wnlee jleday JUb o
JS 50 (AF) wisS slmyl el gla STy 5 (YL AY) asd
oY S Jbd ey o sbass Spise Sho
dodss g ple o Ko jsb deaiss pl sdile lizl cond
cod |y basns Pl cepw o5 ae o Shs
w)wjuﬁbuﬂu‘;‘BMW5oo‘b)‘)5ﬁU
wedoe gy Sl wir (pre 0 ey 4 Sl
L basl wla 51,0 Wgd oo ablS oy jo a5 Sl
s Pl iy Sl sloanl o Sasedsesd Slale
& S J3S Jobe o Jol al> e )3 a0 &) )
ph I Na"Ca? g laisalls o (s sber 225 o
1 5925 Jolxe jo a5 H'y H3Oslayuls L asds
WJolme o H'glag j9a> 4y azgi b g wigd o ol
o e 21l L wegs ale e o il e Liulsl pH
g ool &) Sl b b o gl jo Sy 00
al> o ;0 090 o0 ddei ool mhaw 4o (SI-OH)  Jeidew
m09,5 adad mha ;0 5 0ud 051 %e Jodlow sloog S cpgu
Pz alye jo 9d oo JS25 (SIFO-SD) 5 Sl slo
P O% Sidpsed @le )3 09zge Dlind g S slayg
Slawd uedS 51 e GlAY 5 05d o ez o &Y
CeilloSoynee Y Gl osdee S5 ghe s,
Slos spax 4 axg bl alepe o il Byl
Sl Cill oS pum LS azmen Jslme ;0 092ge
aS (A7 AY) 05l oo Joawd Jliws S cosb] oSy 0uma
ssbiteds (Gl g o b o CodllpnSg 000 Y [Sis
SIS 3l ey gy By 53 5 3Bl Sy 5o

QS VR I Vv Py PESW] R R VO LI H

VAR (53059 98 (S 0ylosds (il g St 0590

BB e Gl g i aw 4y aS wbl e s slacdl b ol
Ao S Sl g Wgd oo e Jlad Gy 5 D
s @ azrg b GoeelS w5 WS el pzen
Sl e sl Caglie e o ogr e
Slind Olindends) S win Wb boSiol g
2 xSl (elS Dlandi 5 g S pgitadl]
5 igd oo (3l orb SBL L g oad ayias oy lawome
oSl 4 Glgige Jub Can; GlaSisl gy alox
3 atws cpl 08 o)lal Jlad oy adnd 5 Cbl ouSy0ne
oSy gl 1 oad ST slagg HLasl b slge oo
B a e a5 wS e W ol (5 5 090
GaSal s ol 3 (A, AY) Wsdioe giluglsseil
laaind 4 by o o Jad cunnj U8, (i (s 7w (S
cl 4y Jlasl SUlgs based ol (AY) il oo Jlad Cony
o5l el Y game (AT, AQ) W5)ls 1) S g o
5 by edbginl o3 ole b, le S S8 ]
(A, M) 95 o yia |y 135, 5 (AR, AY) Joko 125
OF ety Sl adly 5SS (s aded ojlail 4z o
glme 5o SloFiul sla sl 2S5 Sk 4wl l B
b Gl Wyls (SzeS ol &S dlasns ol
Slalws (ol Gloie @ ases ol 5l a5 Sloy (ogasa
Dglee ooliul Jslo Ul a gls b o5 Jlsl cux
G loadnd (AR) o)l ol Loy olul (439 (6 yogil
Plo> dgne jslaieds g W)ls (G3gaze (Sl pls> Jlud
W89y Oy (AiZe laasSl (Sojden LSS
Lol loasad (nl 4 j9r 9 0 poulis disS ) cpga st
bazed ol @ 59y o5 @lal b Jle plore a4 oS oo
Ozl LS5 5 e o (58 | o] (Sl olo>
Sy areoee )l 1)  lame o g olStolo)] barme o
S Adn plaie & (g oo wus o)l 5l o pleadnd
Sl Sk adey Gialey ool Ju8 (e b 8L 02
oy s (A0, AY) o,5 colatwl Cute g e o5
Jad )3 1) orlie (s ol 698 (plerd W Sbml b

O3 (Bgo dngels (Sloyod = (Sl lous g (S pele oLAGIS aloeo


http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

Ol <8l (g5lwjl jabiin & Cdly (owiiteo yo gty G ld 1 (559 50

A g (o oo JS2) Simulated body fluid) ;o sai (s5loars Joloe b cygumboSil 5l 8 Jlad oy aicd Sl puo 5l SEM g i S
O 1) (Sosly Caos JSE) y3mlisSSl 5

oz (Vo) WS o ol 09 Swas ply> s e
Foo 2 ad) laygSh g gl uley jo S ey adnd
San) oS Seny w98 e el (IS 55l 4o
OV aBk e p (29 Sl 008 5l 5 5L
ol o5 55t b Sl & Wb s (ol eizen
208 1, Yl 5o b s Joor ol 5 355 428 B 5 e
(tolai yiola, ogdledy all S o Olp ogdle g ail
aded sl lol gar e ol Bde 5 09,5 eyl sl
ol 00,8 e oolaiil 55 g5l Giola,y i jo Jled o
Golom 5loyd 0 nlosSily (gg)ls Jul> loie a4 oole
et el o oolitl (galioibse jsbody Cdiagiil
Loyl Gl pitasms 53 Bonoml 698 2! wo slag )l
odd ile et wle ;0 (59abse 5l Sl Cenn ated
and Syb sl YY)) wiad Bis oy 5l cele Al ey
sladind Wls BB ma 03 peey 50 Jb Cuwj sl
ey 50 W) Gloys an gl 5o e & Jld e
boiyo (SoilS @l Wgyoo 5 @ o2 o3 el g 05 2L
Dibce cdbe opl saiS 0ol Sl 5 Sl Slislesl &
Cengj el &y a2l (W az )l (oo slaps Oleyd iz
@ e g 485 )18 035 59y ¢ Sl wiiles Slye Jld
ool (ooser a5 (bs bl 055 9 550 055 mees
s sloaigd 5l oliil b aib o sl L5 L5
O e) b e el
Sy Slodind (Jld Comn ) grddond adoi oy,
ek gl Nedoe F Ji e 9 (29 gy 90 4 U2
P9y & OLes 9 e Lawgi (oM VAVY Lo o (i
5 P20s, Ca0, Na20) 1y slaS 5 Jolis a5 ol a5l 593

VAR (53059 98 (S 0ylosds (il g St 0590

2 U8 e e 1 Jed a3 Al ol b )8
(Y JS8) ojls Gleyos slos oI5 Slais 5 Slezunl Sluls
E9r0 Ve VNS Jlo 5l (g aled (SRS 08
ssbs Jd Sy adnd (SIS 05 gl (V- T)
G55 > SzsS slaglsid iRl ly reloiise
03ld Cuws ) 395 plpnd (ighe S n oS len Sl
Slowm 4 wleid Jbd a4l clls Lol sl sy
Oluls pey Glp sy graind 51V o) ad ol 5
35,5 oo oolaiul JUSsg p leteiwl pe i g SO Slgeil
L oawlie 0 Jd caw; sbhacs 3l solazsl .(V-Y)
S3losl 6 0bsS ploj po 5 035 Folel bl oSy 000
Consj sloainds loslainl fumes 8,5 oo plol Glgseil
o Wl plgil sogmn lsFeial Wam plprear JU
O F) aise
OFSor  (So e ey adel K0 gbao s
oo D5 oS5l wdgs GleFul il (pwaige )3 Elge
S dgl g ool aisle oS5 lacan)ls abl o
S st e gab jsbay Sl nSg 00 5 s ey
JUES 5 0ud Cld 0958 )3 2l ) St w2 ol
30 9 dgd oo el 1) Canylo 5l a8ly olae 280 5 olde Slge
plxl Gldlas S o Jlgl 3 SaS b Joko o) a4 Coles
as oly plid (Seolpw olge Gy plo b oaslas jo oad
Gyl oS5 5 Wb ey sleaind ) ool
Sl 1y bl sl Jobo a5 5 5 sl (555
Slozenl (i loys cyz swlol Jole S as caul ools
Caols Jlad Gy adnd oy ;500 5100+ 0) wib o

a oole sl 59,8 Aol b aS s sboas wily oo o ol Sl 0o

O3 (Bgo dngels (Sloyod = (Sl lous g (S pele oLAGIS aloeo


http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

Ol)od 9 (20502 (I S a5 -

Jlad e alewg 4 a5 Sl atily youds o 38 Cl> lode
g ot 1) gy ol 59 i o3l 5 s S5 Las 5 515
oolatwl pae Lo 4y o jls ol Z‘\~ajq> Syl 5L g
Wil gy ol eyl cle o JT Pl 43S e )
ol s el jslate ay ()10, VIF) wdly oo jead o35,
S eymaly J5 b a4y 58,5 on oolizd Sai 3 5| i,
293bse ST )3 1) yarly s 055 00 aBlol Dl ySes psgisel
Dgdier b (05 ST (50 55 5 Sligel a4 Sl w008
" T S ST (69 5 09 o0 atcd T b Sligal
AONENNY) 068 0 ol Joedduie conyls g 058

,o :(Freeze Drying Emulsion) «is & ¢y gumd 9o
4 e 0005 o ceslio Pl o Slais 00 pesh (g 0ol
259055 o ol (gl sal Jolomo 5 995 o0 Lol I Joloo
laz w5l 56 g0 B agd 00 oo iye bglis (sl > (5
O35 o 1 Al g as; B o ) Dol g gl
SiE) RS 28 ey b e 9h dezxie B I8 0 oo
2555 b oS o s Lame Sl ol 5 P (ol 5
s bl Jdss . (VYA) oo;@ olow) oo slge oyl
Soyd (P o3 s peeh Jobre clile ez ooyl
Colo glp ST ol 0gd oo J S slezl sles g ol
(F ) Dgun g0 ool v il slaceas o

Olyd (Ggiuncds [ o (5 S 4

«hg, ol o :(Solvent Casting/Particulate Leaching)
B J5s (et 209 S5 slaJlie S L 532
- oo a3Ll LB oy Pl g el byliee e ond atiy
Al> o 00,5 Corw yorly 45 05 o0 00ld Caoyd g 0o
sladlws S 555 2B sln SR S 5l eslinal
Bi> b g cenl Hhaie O pgs Mo Vgers a5 cunl S
eliie g JodSe LSl b g peedy Cajls 039 S8
O3 ojlail 4 Ble ojlail L0 )5 e olm! b S L
Sanlo dlie o3lail g 255 &Bly 5o o)l (S 39
ONV) 0gd o J S Sad )3 oj3lasl g jlade s b

D49y S o y9,:5d! ((Electrospinning)  sws yg yisJI
B O ) wilos S gz adyo a4 ke 5 Gl
Sl Wiz B g,8e iz 5 SESS a0 0ad adg SUI

VAR (53059 98 (S 0ylosds (il g St 0590

atin b, hg, cpl yo (VoA V) wil . (SIO2
@ aded s elol cobo gl ks 9550 558 SlavsT |
Az Voo o= WV Sl oogaome (0 Blge g W09, 0 S
oo ol G L bk il S 5o 5 ol S5
S8l o 09l agi sl Jghate hg) So by, cnl il 008
6N Lo o Jolaie giwsy aded gl (VY )
oo o st w5l i sy & ofSen 5 ) bog
o9y S Ji e 2l o (CBO,SI02P205) (s> SLuS 5
“ot ey Al odg Gl ook e 5 polaiSl (alert
o3l o 5y sleyds wdg 0B s, cnl ONY)) il
Sl GUI 5 S3b glaekd «Seslps et 3 yiegl
29 ¥ gl 0 bilein oS5l e j5bay
ONY) 08 o0 JoS83 ol sloo

b9y Pl el (pwiign gl Cam)ls clu o )
Sl (K Sl 0,90 b Jlisle 4 e ls cole cwlin
L oS T ojls Sl cueal canls cole by, Sl
Jlail e oled gl cclio Sl by, Sl
St G & 55 s (0F) 93,5 o o818 sk e 5 555
$lp gouxe slaby, GOl gwaige 0 owwls e
gy el 438, )15 a4 el o)l (Sb g Sl
S g Geedsel g 55 B il e e Jolite lo
Sl slagby) (rFdshte I (pa 9 Sy P (g S e,
OV il oo il wdige Can o

ok b9,y cpl o :(Phase Separation) ;6 jlwlas
O 00D Jo (Ol 5 aladi L) celie Pl o Sais 550
5B g0 5l SO g e bl T Jgle s 5l g0 oll (sl
W Al e 53 0l pecly (5 eS lade (6,503 5 yeuky ) (2
Salz 5 93 5 onile) Pl 093 slod oy ] bglie sles
deral Pl M3 0 o] (05 Sis b aS 0d o ol
ONVF) 00,5 o ol Jodorie Conslo g 0ns

ssbieds by, nl o «(Gas Foaming) egé 56 (s,
Sede Slxio (59 59y Mz Do ) e il el
O 3o 518 VL Lad b o SaenSTes S (om0
e e g e e R S RSB L IS
ol 55 5,08 e S e S arh 5

O3 (Bgo vl (Sloyo = (Sl ©lons g (S pele oL alxo


http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

CApe &5 S5 (lgies Sl 4 Cl ab) glagise
Saisyee il 5l S colis s b jslatea
Gl ot Sl by W ocwl alasis 8
saiod 4 (lg o slge aiws pl 5l oS solaiul wies
ad b (o basnd opl S8y a5 0,5 o lal Jled c
O% Siele i lo b (ules )3 88 (oo )8 0k (53le
Y ol aies e S CM.:l.awaj)M Gagk Y
U’“"ﬁ) g_;l.‘}u.a‘ ] WL».A Q‘B"‘““"‘ Conw )lﬁ u‘g...c L ools
axgi boojle Sy o ge <l jlsle 4 cole b
Sghy) SOl gwaige 0 lua)ld e Jlews 28 4
Sz Joliie Ghe) S empe Sl ol a5 2l
blb e L SO ol o wiboe Canyls colo
Lo sl jiaglh sz b 5,See iz 51 AL lsicon
3 el GUI gladhaie w4 mhaw Coed a5 0l 4 ax g5
2 sk 235y Jlail (Shy cpl Sl Vb (o 5955l
‘5‘.....;.)3).'15.” Ca...u.g)‘é u.-‘).al.u AR (oo u.v.“)ﬁ‘ |) CM....})‘.) $9)
Wl oo WSl oo yorly 9 Jlad Cay aded I (S 5 4T 00l

Dl mal g Slgteiul slas loe ploys slp 1) ae;

.\b)b)‘ 3929 @L‘w ) ub)l&

Olggiwl <8l (g5l il jotiin &y Cb (cwaig 5 guly s Cww IS (55950

seheas ol g cpl 5l Jels> GLI.AY, VYY) Al oo paiio
Bl (sla gy (SOl pwdige Ce)ls gl le,
S gl Slge g 595l Jolo LOVY) gl LS gt
5se mysSI SS5 L (YY) Wb e oolizad
@Az Loy 4 Jobw b ke aline il
ol Cdd YU GBIl gladhie wo &) elans a4
o oA SUISL 65 » sk 2S5 s Jlasl (S
Vi s b S e 5 S Sl e am
Jole m honilly S &5 (gy9bar 09,5 oo ool
5 0o dll Bl 0uisS ez Ao § Sy S350l
03,5 4 youly Jolowe o )lad (oxlaws (23S 5 (S S (lase
e T L8 e g o oS kb Sl gl bz s
o,ka8 9zge Sl (y asdly slag s S92y Sl 5 aS 008
Sl o3l g 05l e 00piSy SiL el (gLl s
9 4885 )18 0aiS gex axmdo (59, SUI (pl e o0
Ol gy gl rlome 3l 050 o3 o] a1 P
slo il alex 5l Same g JI dilie oluS g3

OV Casl (oS 5 gm)d 0dgi 5 6oy Jglome a0 (s

oy A 0B aS cwl 8L lgsiul aSpl 4 axgi b

00 3y ol @lge (F i yd Sl 355 ST slac]
S Ty o] o alls5 sl 5 ol Sy sl ay
Olgi] 8l pwaige (Sloyd g, e Slse nl 5o

5 Jsbo complo 51 il gl il g Sl oo

1-Raggatt L, Wullschleger M, Alexander K, Wu A,
Millard S, Kaur S, et al. Fracture Healing via
Periosteal Callus Formation Requires Macrophages
for both Initiation and Progression of Early
Endochondral Ossification. Am J Pathol 2014;
184(12): 3192-204.

2-Eslaminejad MB, Bagheri F, Zandi M, Nejati E,
Zomorodian E, Mivechi H. Study of Mesenchymal

VAR (53059 98 (S 0ylosds (il g St 0590

Stem Cell Proliferation and Bone Differentiation on
Composite  Scaffolds of PLLA and Nano
Hydroxyapatite with Different Morphologies. Cell
Journal (Yakhteh) 2011; 8(4): 234-42. [Persian]

3- Csaki C, Schneider P, Shakibaei M.
Mesenchymal Stem Cells as a Potential Pool for
Cartilage Tissue Engineering. Annals of Anatomy

2008; 190(5): 395-412.

O3 (Bgo dngels (Sloyod = (Sl lous g (S pele oLAGIS aloeo


http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

Ol)od 9 (20502 (I S a5 -

4-Yousefi AM, James PF, Akbarzadeh R, Subramanian
A, Flavin C, Oudadesse H. Prospect of Stem Cells in
Bone Tissue Engineering: a Review. Stem Cells Int
2016; 2016: 6180487.

5-Liu Y, Chan JK, Teoh SH. Review of Vascularised
Bone Tissue-Engineering Strategies with a Focus on
Co-Culture Systems. J Tissue Eng Regen Med 2015;
9(2): 85-105.

6-Serra T. Development of 3d-Printed Biodegradable
Composite  Scaffolds for Tissue Engineering
Applications.  Barcelona, Marzo:  Universitat
Politécnica De Catalunya; 2014 .

7-Verrier S, Alini M, Alsberg E, Buchman S, Kelly D,
Laschke M, et al. Tissue Engineering and Regenerative
Approaches to Improving the Healing of Large Bone
Defects. Eur Cell Mater 2016; 32; 87-110.

8- Wattanutchariya W,  Changkowchai ~ W.
Characterization of Porous Scaffold from
Chitosan-Gelatin/Hydroxyapatite for Bone
Grafting. Inproceedings of the International
Multiconference of Engineers And Computer
Scientists 2014; 2: 12-4.

9-Chiara G, Let izia F, Lorenzo F, Edoardo S, Diego S,
Stefano S, et al. Nanostructured Biomaterials for
Tissue Engineered Bone Tissue Reconstruction. Int J
Mol Sci 2012; 13(1): 737-57.

10-Grayson WL, Bunnell BA, Martin E, Frazier T,
Hung BP, Gimble JM. Stromal Cells and Stem Cells
in Clinical Bone Regeneration. Nat Rev Endocrinol
2015; 11(3): 140-50.

11-Basha RY, Kumar T.S, Doble M. Design of
Biocomposite  Materials for Bone Tissue
Regeneration. Materials Science & Engineering C,
Materials for Biological Applications 2015; 57:
452-63.

IWAR (99059 8 ST 0)losds (piliad 9 Cmn 0590

12-Liu X, Ma PX. Polymeric Scaffolds for Bone
Tissue Engineering. Annals of Biomedical
Engineering 2004; 32(3): 477-86.

13-Baheiraei N, Jalise SZ, Sanei SA. Recent Advances
in Bioglass Applications for Bone Tissue
Engineering. MIMS 2017; 20(2): 1-22.

14-Puvaneswary S, Talebian S, Raghavendran H,
Murali M, Mehrali M, Afifi A, et al. Fabrication and
in Vitro Biological Activity of Btcp-Chitosan-
Fucoidan Composite for Bone Tissue Engineering.
Carbohydrate Polymers 2015; 134(2015): 799-807.

15-Gréssel S, Lorenz J. Tissue-Engineering Strategies
to Repair Chondral and Osteochondral Tissue in
Osteoarthritis: Use of Mesenchymal Stem Cells. Curr
Rheumatol Rep 2014; 16(10): 452.

16-Van Gastel N, Stegen S, Stockmans |, Moermans K,
Schrooten J, Graf D, Et al. Expansion of Murine
Periosteal Progenitor Cells with Fibroblast Growth
Factor 2 Reveals an Intrinsic Endochondral
Ossification  Program  Mediated by  Bone
Morphogenet ic Protein 2. Stem Cells 2014; 32(9):
2407-18.

17-Meirelles LS, Fontes A, Covas D, Caplan A.
Mechanisms Involved in the Therapeutic Properties
of Mesenchymal Stem Cells. Cytokine Growth Factor
Rev 2009; 20(5-6): 419-27.

18-Chen JY, Mou XZ, Du XC, Xiang C. Comparative
Analysis of Biological Characteristics of Adult
Mesenchymal Stem Cells with  Different Tissue
Origins. Asian Pac J Trop Med 2015; 8(9): 739-46.

19-Quarto R, Giannoni P. Bone Tissue Engineering:
Past-Present-Future. Met hods Mol Biol 2016; 1416:
21-33.

20-Quarto R, Mastrogiacomo M, Cancedda R, Kutepov
S, Mukhachev V, Lavroukov A, et al. Repair of

O3 (Bgo sl (Sloyo — (Sl lous g Sy pele oBLAGIS aloeo


https://www.ncbi.nlm.nih.gov/pubmed/23166000
https://www.ncbi.nlm.nih.gov/pubmed/27434267
https://www.ncbi.nlm.nih.gov/pubmed/19926330
https://www.ncbi.nlm.nih.gov/pubmed/19926330
http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

Large Bone Defects with the Use of Autologous
Bone Marrow Stromal Cells. N Engl J Med 2001;
344(5): 385-6.
21-Dominici M, Le Blanc K, Mueller 1, Slaper-
Cortenbach I, Marini F, Krause D, et al. Minimal
Criteria for Defining Multipotent Mesenchymal
Stromal Cells. The International Societ y for Cellular
Therapy Position Statement. Cytotherapy 2006; 8(4):
315-7.
22-Colnot C. Skelet al Cell Fate Decisions with in
Periosteum and Bone Marrow During Bone
Regeneration. J Bone Miner Res 2009; 24(2): 274-82.
23- Almubarak S, Net hercott H, Freeberg M, Beaudon
C, Jha A, Jackson W, et al. Tissue Engineering
Strategies for Promoting Vascularized Bone
Regeneration. Bone 2016; 83: 197-2009.
24-Grayson W, Bhumiratana S, Cannizzaro C, Vunjak-
Novakovic G. Bioreactor Cultivation of Functional
Bone Grafts. Met hods Mol Biol 2011; 698: 231-41.
25-Das A, Botchwey E. Evaluation of Angiogenesis
and Osteogenesis. Tissue Engineering Part B:
Reviews 2011; 17(6): 403-14.
26-Hutton DL, Grayson WL. Stem Cell-Based
Approaches to Engineering Vascularized Bone.
Current Opinion In Chemical Engineering 2014; 3:
75-82.
27-Usuelli F, Grassi M, Maccario C, Vigano M,
Lanfranchi L, Alfieri MU, Et al. Intratendinous
Adipose-Derived Stromal Vascular Fraction (SVF)
Injection Provides A Safe, Efficacious Treatment for
Achilles Tendinopathy: Results of a Randomized
Controlled Clinical Trial at a 6-Month Follow-Up.
Knee Surg Sports Traumatol Arthrosc 2018; 26(7):
2000-10.
28-Mizuno H ,Tobita M, Ogawa R, Orbay H, Fujimura

J, Ono S, et al. Adipose-Derived Stem Cells in

1vaa Q..{é),).é u..ig. o)w ‘M 9 S 090

Olggiwl <8l (g5l jotiin &y Cb (cwaige 5 guly sLrCww IS (55950

Regenerative Medicine. Principles of Gender-
Specific Medicine: Elsevier; 2017; 100(9): 459-79.
29-Fan H, Zeng X, Wang X, Zhu R, Pei G. Efficacy of
Prevascularization for Segmental Bone Defect Repair
Using B-Tricalcium Phosphate Scaffold in Rhesus
Monkey. Biomaterials 2014; 35(26): 7407-15.

30-Boal D, Boal DH. Mechanics of the Cell. 2th Ed.
British Columbia: Cambridge University Press; 2012.

31-Runyan CM, Taylor JA. Clinical Applications of
Stem Cells in Craniofacial Surgery. Facial Plast Surg
2010; 26(5): 385-95.

32-Fischer KM, Morgan KY, Hearon K, Sklaviadis D,
Tochka ZL, Fenton OS, et al. Poly (Limonene Thioet
her) Scaffold for Tissue Engineering. Adv Healthc
Mater 2016; 5(7): 813-21.

33-Niknejad H, Peirovi H, Jorjani M, Ahmadiani A,
Ghanavi J, Seifalian A, et al. Properties of the
Amniotic Membrane for Potential Use in Tissue
Engineering. Eur Cell Mater 2008; 15: 88-99.

34-Velasco M, Narvéez-Tovar CA, Garzon-Alvarado
DA. Design, Materials, and Mechanobiology of
Biodegradable  Scaffolds  for Bone  Tissue
Engineering. Biomed Res Int 2015; 2015(1-6):
1-21.

35-Williams DF. on the Mechanisms of
Biocompatibility. Biomaterials 2008; 29(20): 2941-53.

36-Garg T, Singh O, Arora S, Murthy R. Scaffold: a
Novel Carrier for Cell and Drug Delivery. Crit Rev
Ther Drug Carrier Syst 2012; 29(1): 1-63.

37-Mikos AG, Mcintire LV, Anderson JM, Babensee
JE. Host Response to Tissue Engineered Devices.
Adv Drug Deliv Rev 1998; 33(1-2): 111-39.

38-Tang D, Tare RS, Yang LY, Williams DF, Ou KL,
Oreffo RO. Biofabrication of Bone Tissue:
Approaches, Challenges and Translation for Bone

Regeneration. Biomaterials 2016; 83: 363-82.

O3 (Sgouo vl (Sl yo = (Sblage wlous g (Sb iy pole oLl alxo


https://www.ncbi.nlm.nih.gov/pubmed/26890480
https://www.ncbi.nlm.nih.gov/pubmed/26890480
http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

Ol)od 9 (20502 (I S a5 -

39-Lyons F, Partap S, O'Brien F. Part 1: Scaffolds And
Surfaces. Technol Health Care 2008; 16(4): 305-17.

40-Lichte P, Pape H, Pufe T, Kobbe P, Fischer H.
Scaffolds for Bone Healing: Concepts, Materials
and Evidence. Injury 2011; 42(6): 569-73.

41-Salgado AJ, Coutinho OP, Reis RL. Bone Tissue
Engineering: State of the Art and Future Trends.
Macromol Biosci 2004; 4(8): 743-65.

42-Lemos EM, Patricio PS, Pereira MM. 3D
Nanocomposite Chitosan/Bioactive Glass Scaffolds
Obtained Using Two Different Routes: An Evaluation
of the Porous Structure and Mechanical Properties.
Quim Nova 2016; 39(4): 462-6.

43-Gémez S, Vlad M, Loépez J, Fernandez Ejab.
Design and Properties of 3D Scaffolds for Bone
Tissue Engineering. Acta Biomaterialia 2016; 42:
341-50.

44-Chung S, King M. Design Concepts and Strategies
for Tissue Engineering Scaffolds. Biotechnology
and Applied Biochemistry 2011; 58(6): 423-38.

45-Wu F, Liu C, O'Neill B, Wei J, Ngothai Y.
Fabrication and Properties of Porous Scaffold of
Magnesium Phosphate/ Polycaprolactone
Biocomposite for Bone Tissue Engineering. Applied
Surface Science 2012; 258(19): 7589-95.

46-Schugens C, Maquet V, Grandfils C, Jérdme R,
Teyssie P. Biodegradable and Macroporous
Polylactide Implants for Cell Transplantation: 1.
Preparation of Macroporous Polylactide Supports by
Solid-Liquid Phase Separation. Polymer 1996; 37(6):
1027-38.

47-Cox CS, Thornby JA, Gibbons GJ, Williams MA,
Mallick KK. 3D Printing of Porous Hydroxyapatite
Scaffolds Intended for Use in Bone Tissue

Engineering Applications. Mater Sci Eng C Mater
Biol Appl 2015; 47: 237-47.

IWAR (99059 8 ST 0)losds (piliad 9 Cmn 0590

48-O'brien FJ. Biomaterials & Scaffolds for Tissue
Engineering. Materials Today 2011; 14(3): 88-95.

49-Sachlos E, Czernuszka JT. Making Tissue
Engineering  Scaffolds Work. Review: The
Application of Solid Freeform Fabrication
Technology to the Production of Tissue Engineering
Scaffolds. Eur Cells Mater 2003; 5: 29-39.

50-Liao SS, Cui FZ. In Vitro and in Vivo Degradation
of Mineralized Collagen-Based Composite Scaffold:
Nanohydroxyapatite/Collagen/Poly(L-Lactide).
Tissue Eng 2004; 10(1-2): 73-80.

51-Shi Z, Huang X, Cai Y, Tang R, Yang D. Size Effect
of Hydroxyapatite Nanoparticles on Proliferation
and Apoptosis of Osteoblast-Like Cells. Acta
Biomater 2009; 5(1): 338-45.

52-Garcia-Garet a E, Coathup MJ, Blunn GW.
Osteoinduction of Bone Grafting Materials for Bone
Repair and Regeneration. Bone 2015; 81: 112-21.

53-Roset i L, Parisi V, Pet ret ta M, Cavallo C, Desando
G, Bartolotti I, Et al. Scaffolds for Bone Tissue
Engineering: State of the Art and New Perspectives.
Mater Sci Eng C Mater Biol Appl 2017; 78: 1246-62.

54-Chan O, Coathup MJ, Nesbitt A, Ho CY, Hing KA,
Buckland T, Et al. The Effects of Microporosity on
Osteoinduction of Calcium Phosphate Bone Graft
Substitute Biomaterials. Acta Biomate 2012; 8(7):
2788-94.

55-Shalumon KT, Lai GJ, Chen CH, Chen JP.
Modulation of Bone-Specific Tissue Regeneration
by Incorporating Bone Morphogenetic Protein and
Controlling the Shell Thickness of Silk
Fibroin/Chitosan/Nanohydroxyapatite ~ Core-Shell
Nanofibrous Membranes. ACS Appl Mater
Interfaces 2015; 7(38): 21170-81.

56-Miao X, Tan D, Li J, Xiao Y, Crawford R.
Mechanical and

Biological ~ Properties  of

O3 (Bgo sl (Sloyo — (Sl lous g Sy pele oBLAGIS aloeo


http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

Hydroxyapatite/Tricalcium  Phosphate  Scaffolds
Coated with Poly (Lactic-Co-Glycolic Acid). Acta
Biomater 2008; 4(3): 638-45.

57-Amini AR, Laurencin CT, Nukavarapu SP. Bone
Tissue Engineering: Recent Advances and Challenges.
Crit Rev Biomed Eng 2012; 40(5): 363-408.

58-Safadi FF, Barbe MF, Abdelmagid SM, Rico MC,
Aswad RA, Litvin J, Et al. Bone Structure,
Development and Bone Biology. Bone Pathology
2009: 1-50.

59-Marolt D, Knezevic M, Novakovic G. Bone Tissue
Engineering with Human Stem Cells. Stem Cell Res
Ther 2010; 1(2): 1-10.

60-Kini U, Nandeesh BN. Physiology of Bone
Formation, Remodeling, and Met abolism.
Inradionuclide and Hybrid Bone Imaging. Berlin,
Heidelberg: Springer 2012: 29-57.

61-Kheirallah M, Almeshaly H. Bone Graft Substitutes
for Bone Defect Regeneration. A Collective Review.
International Journal of Dentistry and Oral Science
2016; 3(5): 247-57.

62-Kenkre J, Basset t J. The Bone Remodelling Cycle.
Ann Clin Biochem 2018; 55(3): 308-27.

63-Alobeedallah H, Ellis JL, Rohanizadeh R, Coster H,
Dehghani F. Preparation of Nanostructured
Hydroxyapatite in Organic Solvents for Clinical
Applications. Trends Biomater 2011; 25(1): 12-9.

64- Florencio-Silva R, Da Silva Sasso GR, Sasso-Cerri E,
Simbes MJ, Cerri PS. Biology of Bone Tissue:
Structure, Function, and Factors that Influence Bone
Cells. Biomed Research International 2015; 2015: 1-17.

65-Xiao W, Wang Y, Pacios S, Li S, Graves D.
Cellular and Molecular Aspects of Bone
Remodeling. Front Oral Biol 2016; 18: 9-16.

66-Hadjidakis DJ, Androulakis, Il. Bone Remodeling.
Ann N Y Acad Sci 2006; 1092: 385-96.

1vaa Q..{é),).é u..ig. o)w ‘M 9 S 090

Olggiwl <8l (g5l jotiin &y Cb (cwaige 5 guly sLrCww IS (55950

67-Porter J, Ruckh T, Popat K. Bone Tissue
Engineering: A Review in Bone Biomimetics and
Drug Delivery Strategies. Biotechnology Progress
2009; 25(6): 1539-60.

68-Boyle W, Simonet W, Lacey DJN. Osteoclast
Differentiation and Activation. Nature 2003;
423(6937): 337-42.

69-Gordon M. Tech-Trends in Orthopedics 2018. Acta
Orthop 2018; 89(5): 475-6.

70-Mescher A. Junqueira's Basic Histology: Text &
Atlas. 15" Ed. Mcgraw-Hill Education; 2018: 138.

71-Bose S, Roy M, Bandyopadhyay A. Recent
Advances in Bone Tissue Engineering Scaffolds.
Trend Biotechnol 2012; 30(10): 546-54.

72-Shaik M, Subramanyam G. Stem Cell Scaffolds for
Tissue Engineering. Juniper Publisher 2017; 9(1): 4-1.

73-Chen FM, Liu X. Advancing Biomaterials of
Human Origin for Tissue Engineering. Progress in
Polymer Science 2016; 53: 86-168.

74-Sharma S, Srivastava D, Grover S, Sharma V.
Biomaterials in Tooth Tissue Engineering: A
Review. J Clin Diagn Res 2014; 8(1): 309-15.

75-Mi HY, Jing X, Turng LS. Fabrication of Porous
Synthetic Polymer Scaffolds for Tissue Engineering.
Journal Of Cellular Plastics 2015; 51(2): 165-96.

76-Vasconcelos DM, Santos SG, Lamghari M, Barbosa
MA. The two Faces of Metal lons: From Implants
Rejection to Tissue

Biomaterials 2016; 84: 262-75.

Repair/Regeneration.

77-Brown R, Fowler B, Fustinoni S, Nordberg M.
Toxicity of Metals Released from Implanted Medical
Devices. Handbook on Toxicology of Met als 2015; 1:
113-22.

78-Raza MR, Ahmad F, Muhamad N, Sulong AB,
Omar M, Akhtar MN, Et al. Effects of Solid Loading

and Cooling Rate on the Mechanical Properties and

O3 (Sgouo vl (Sl yo = (Sblage wlous g (Sb iy pole oLl alxo


http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

Ol)od 9 (20502 (I S a5 -

Corrosion Behavior of Powder Injection Molded 316
L Stainless Steel. Powder Technology 2016; 289:
135-42.

79-Okazaki Y, Gotoh E. Comparison of Metal Release
from Various Metallic Biomaterials in Vitro.
Biomaterials 2005; 26(1): 11-21.

80-Meyer U, Wiesmann HP. Bone and Cartilage
Engineering. Springer Science & Business Media ;
2006.

81-Balu R, Singaravelu S, Nagiah N. Bioceramic
Nanofibres by Electrospinning. Fibers 2014; 2(3):
221-39.

82-Suchanek W, Yoshimura M. Processing and
Properties of Hydroxyapatite-Based Biomaterials for
Use as Hard Tissue Replacement Implants. Journal
of Materials Res 1998; 13(1): 94-117.

83-Schrooten J, Helsen J. Adhesion of Bioactive Glass
Coating to Ti6A14V Oral Implant. Biomaterials
2000; 21(14): 1461-9.

84-Baino F, Novajra G, Vitale-Brovarone C.
Bioceramics and Scaffolds: A Winning Combination
for Tissue Engineering. Frontiers in Bioengineering
and Biotechnology 2015; 3: 202:

85-Fiume E, Barberi J, Verné E, Baino F. Bioactive
Glasses: From Parent 45S5 Composition to
Scaffold-Assisted Tissue-Healing Therapies. Journal
of Functional Biomaterials 2018; 9(1): 24.

86-Prabaharan M, Sivashankari PR. Prospects of
Bioactive Chitosan-Based Scaffolds in Tissue
Engineering and Regenerative Medicine. Chitin and
Chitosan for Regenerative Medicine: Springer 2016;
41-59.

87-Hench L. The Story of Bioglass. Materials Science
Materials in Medicine. Journal of Materials Science:

Materials in Medicine 2006; 17(11): 967-78.

VAR (53059 98 (S 0ylods (il g St 0590

88-Baino F, Novajra G, Vitale-Brovarone C.
Bioceramics and Scaffolds: A Winning Combination
for Tissue Engineering. Front Bioeng Biotechnol
2015; 3: 202.

89-Boccaccini AR, Erol M, Stark WJ, Mohn D, Hong
Z, Mano Jfjcs, et al. Polymer/Bioactive Glass
Nanocomposites for Biomedical Applications: A
Review. Composites Science and Technology 2010;
70(13): 1764-76.

90-Baheiraei N, Moztarzadeh F, Hedayati Mijci.
Preparation and Antibacterial Activity of Ag/Sio2
Thin Film on Glazed Ceramic Tiles by Sol-Gel Met
hod. Ceramics International 2012; 38(4): 2921-5
.[Persian]

91-Baino F, Hamzehlou S, Kargozar S. Bioactive
Glasses: Where are we and Where are we Going? J
Func Biomater 2018; 9(1): 25.

92-Jones JR. New Trends in Bioactive Scaffolds: The
Importance of Nanostructure. Journal of the
European Ceramic Societ y 2009; 29(7): 1275-81.

93-Zhang K, Qian Y, Wang H, Fan L, Huang C, Mo
X.  Electrospun  Silk  Fibroin-Hydroxybutyl
Chitosan Nanofibrous Scaffolds to Biomimic
Extracellular Matrix. J Biomater Sci Polym Ed
2011; 22(8): 1069-82.

94-Sepulveda P, Jones JR, Hench LL. Bioactive Sol-
Gel Foams for Tissue Repair. J Biomed Mater Res
2002; 59(2): 340-8.

95-Valerio P, Pereira M, Goes A, Leite M. The Effect
of lonic Products from Bioactive Glass Dissolution
on  Osteoblast Proliferation and Collagen
Production. Biomaterials 2004; 25(15): 2941-8.

96- Lefebvre L, Chevalier J, Gremillard L, Zenati R,
Thollet G, Bernache-Assolant D, et al. Structural

Transformations of Bioactive Glass 45S5 with

O3 (Bgo sl (Sloyo — (Sl lous g Sy pele oBLAGIS aloeo


http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

Thermal Treatments. Acta Materialia 2007; 55(10):
3305-13.

97-Vichery C, Nedelec JM. Bioactive Glass
Nanoparticles: From Synthesis to Materials Design
for Biomedical Applications. Materials(Basel) 2016;
9(4): 288.

98-Hong Z, Zhang P, He C, Qiu X, Liu A, Chen L, Et
al. Nano-Composite of Poly (L-Lactide) and Surface
Grafted Hydroxyapatite: Mechanical Properties
and Biocompatibility. Biomaterials 2005; 26(32):
6296-304.

99-Sepulveda P, Jones J, Hench L. Characterization of
Melt-Derived 45S5 and Sol-Gel-Derived 58S
Bioactive Glasses. Journal of Biomedical Materials
Research 2001; 58(6): 734-40.

100- Jones JR, Brauer DS, Hupa L, Greenspan DC.
Bioglass and Bioactive Glasses and their Impact on
Healthcare. International Journal of Applied Glass
Science 2016; 7(4): 423-34.

101- Nayak J, Kumar S, Bera J. Sol-Gel Synthesis of
Bioglass-Ceramics Using Rice Husk Ash as a
Source for Silica and its Characterization. Journal of
Non-Crystalline Solids 2010; 356(28-30): 1447-51.

102- Merwin GE. Bioglass Middle Ear Prosthesis:
Preliminary Report. Ann Otol Rhinol Laryngol 1986;
95(1 Pt 1): 78-82.

103- Zhong J, Greenspan D. Processing and Properties
of Sol-Gel Bioactive Glasses. Journal of Biomedical
Materials Research 2000; 53(6): 694-701.

104- Khalid MD, Khurshid Z, Zafar MS, Farooq |,
Khan RS, Najmi A. Bioactive Glasses and their
Applications in Dentistry. J Pak Dent Assoc 2017;
26(1): 32-38.

105- Deb S, Mandegaran R, Di Silvio LJ. A Porous
Scaffold for Bone Tissue Engineering/45S5 Bioglass

Derived Porous Scaffolds for Co-Culturing

1vaa Q..{é),).é u..ig. o)w ‘M 9 S 090

Olggiwl <8l (g5l jotiin &y Cb (cwaige 5 guly sLrCww IS (55950

Osteoblasts and Endothelial Cells. J Mater Sci Mater
Med 2010; 21(3): 893-905.

106- Ibrahim MS, EIl-Wassefy NA, Farahat DS.
Biocompatibility of Dental Biomaterials.
Inbiomaterials for Oral and Dental Tissue
Engineering 2017; 117-40.

107- Lopez-Noriega A, Arcos D, Vallet -Regi MJC.
Functionalizing Mesoporous Bioglasses for Long-
Term Anti-Osteoporotic Drug Delivery 2010; 16(35):
10879-886.

108- Gerhardt LC, Boccaccini AR. Bioactive Glass and
Glass-Ceramic ~ Scaffolds for Bone  Tissue
Engineering. Materials 2010; 3(7): 3867-910.

109- Hench LL, Splinter RJ, Allen W, Greenlee TJ.
Bonding Mechanisms at the Interface of Ceramic
Prosthetic Materials. Journal of Biomedical Materials
Research 1971; 5(6): 117-41.

110- Ma J, Chen C, Wang D, Meng X, Shi JZ. Influence
of the Sintering Temperature on the Structural
Feature and Bioactivity of Sol-Gel Derived Sio2-
Cao-P205 Bioglass. Ceramics International 2010;
36(6): 1911-16.

111- Luz  GM, Mano JF. Preparation and
Characterization of Bioactive Glass Nanoparticles
Prepared by Sol-Gel for Biomedical Applications.
Nanotechnology 2011; 22(49): 1-11.

112- Podbielska H, Ulatowska-Jarza A. Sol-Gel
Technology for Biomedical Engineering. Bullet in of
the Polish Academy of Sciences: Technical Sciences
2005; 53(3): 261-71.

113- Eltom A, Zhong G, Muhammad AJ Aims,
Engineering. Scaffold Techniques and Designs in
Tissue Engineering Functions and Purposes: a
Review. Advances in Materials Science and

Engineering 2019; 2019: 1-13.

O3 (Sgouo vl (Sl yo = (Sblage wlous g (Sb iy pole oLl alxo


http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

Ol)od 9 (20502 (I S a5 -

114- Abedalwafa M, Wang F, Wang L, Li Ac.
Biodegradable Poly-Epsilon-Caprolactone (PCL) for
Tissue Engineering Applications: A Review 2013;
34(2): 123-40.

115- Mooney D, Baldwin D, Suh N, Vacanti J, Langer
RJB. Novel Approach to Fabricate Porous Sponges of
Poly (D, L-Lactic-Co-Glycolic Acid) with out the Use of
Organic Solvents. Biomaterials 1996; 17(14): 1417.

116- Janik H, Marzec M. A Review: Fabrication of
Porous Polyurethane Scaffolds. Materials
Scienceengineering C, Materials for Biological
Applications 2015; 48: 586-91.

117- Costantini M, Barbet ta A. Gas Foaming
Technologies for 3D Scaffold Engineering. In
Functional 3D Tissue Engineering Scaffolds: Materials,
Technologies, and Applications: Elsevier Science; 2017.

118- Stamatialis D, Papenburg BJ, Girones Nogue M,
Saiful S, Bet tahalli Narasimha MS, Schmitmeier S Et
al. Medical Applications of Membranes: Drug
Delivery, Artificial Organs and Tissue Engineering.
Journal of Membrane Science 2008; 308(1-2): 1-34.

119- Loh QL, Choong C. Three-Dimensional Scaffolds

for Tissue Engineering Applications: Role of Porosity

VAR (53059 98 (S 0ylods (il g St 0590

and Pore Size. Tissue Engineering Part B, Reviews
2013; 19(6): 485-502.

120- Lee TC, Niederer P. Basic Engineering for Medics
and Biologists: an ESEM. Primer: 10S Press; 2010.
121- Zafar M, Najeeb SH, Khurshid Z, Vazirzadeh M,
Zohaib S, Najeeb B, Et al. Potential of Electrospun
Nanofibers for Biomedical and Dental Applications.

Materials (Basel, Switzerland) 2016; 9(2): 52-73.

122- Jiang G, Zhang S, Qin X. Effect of Processing
Parameters on Free Surface Electrospinning from a
Stepped Pyramid Stag. Journal of Industrial Textiles
2016; 45(4): 483-94.

123- Xin BJ, Chen W. Morphology, Structure and
Properties of Electrospun Multi-Walled Carbon
Nanotube/Polysulfonamide Composite Nanofibers.
Journal of Engineered Fibers and Fabrics 2015; 10(1):
42-51.

124- Meng ZX, Zheng W, Li L, Zheng YF. Fabrication,
Characterization and in Vitro Drug Release Behavior
of  Electrospun  PLGA/Chitosan  Nanofibrous

Scaffold. Materials Chemistry and Physics 2011;
125(3): 606-11.

O3 (Bgo sl (Sloyo — (Sl lous g Sy pele oBLAGIS aloeo


http://dx.doi.org/10.18502/ssu.v28i1.3128
https://jssu.ssu.ac.ir/article-1-4904-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2024-05-05 ]

[ DOI: 10.18502/ssu.v28i1.3128 ]

Journal of Shahid Sadoughi University of Medical Sciences Received: 26 May 2019
Vol 28| NO 1 | Apr 2020 Accepted: 10 Aug 2019

A Review on Commonly Used Scaffolds in Tissue Engineering for Bone

Tissue Regeneration
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Introduction: Bone is one of the tissues that have a true potential for regeneration. However, sometimes the
bone defects are so outsized that there is no chance of bone self-repair and restoration or the damage is such
that it is not possible to repair with medical or surgical interventions. In these situations, bone grafts are the
treatment of choice, but due to several obstacles, including limitation in graft preparation and immunological
incompatibility, bone grafts face some limitations. In these cases, with the help of regenerative medicine, the
bone damages could be repaired. Regenerative medicine provides a new approach for large bone defects by
cell therapy and tissue engineering. As, sometime the damaged tissues are so wide that there is no chance of
self-repair, the engineered structures help to accelerate the tissue natural repairing. This review focuses on
the importance of stem cells and scaffolding for bone tissue engineering. Also, the important characteristics
of bone tissue engineered scaffolds like structure, porosity, stability, surface chemistry, bone induction and
different met hods of scaffold fabrication are discussed. Up to now, various natural and synthet ic
compounds were used for bone tissue engineering, including biopolymers, which are categorized to natural,
synthet ic and ceramics. Bioceramics work as effective compound scaffolds in bone tissue engineering. From
them bioglasses are one of the important materials which enhance the attachment, proliferation and
differentiation of bone cells. Therefore, the current paper discussed biopolymers, as the effective compounds
for regeneration of bone tissue.
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