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BMSCs: Bone marrow mesenchymal stem cells—ADSCs: Adipose derived mesenchymal stem cells-MDSCs: Muscle derived
mesenchymal stem cells—-DPSCs: Dental pulp stem cells—DTSCs: Deciduous tooth stem cells-UCBMSCs: Umbilical cord blood
mesenchymal stem cells-ESCMSCs: Embryonic stem cell derived mesenchymal stem cells-PRP: Platelet rich plasma-BMP: Bone
morphogenetic protein—TCP: Tricalcium phosphate—Puramatrix: a self-assembling peptide nanomaterial

Cibosl oled QLI el Wy Jliél el
Sl 435 o 5 laFeinl i Gl g Glyaly
awdl Gl ol cpl ol 598 (oo ool
de & cl ol o oo j9> @ Aty
(52).51 45,5 1,5 anls

slyod 4 Cunpld lgie 4 gal Fli 5l ool
dulie ;> (BMSCs) szt 5a0 ooz slo Jobo
Clols puey sl OsteoSet )bs Jbpogn b
s MSCS (oS 5 45 s bt boe Jliy st
WS 3 Slal cuiS lae 3 oS gal £l
R VO ) g o VA PR | U U= IECTU T R P
ol olihd gl Jsbs Jds a0 sol ¢l ) (o0
by sl SLE Yy m e
sl cols 5 IGF1-IGF2-BMP2-BMP4
ol (b Camsl o gl gl b
Col S8 Cann)s K o, Fibroin (17).sl
929 o N 4 Slgl Col edipe > &S
ool JB o aps cepe Jo bl
2 anls S5 a4 &S ol Gy calie dtnodl
o 5055 ojlsl 5 Sul ol el g o3yl
HA L Sy o cgb ol oph s J6
S slo) osteoconductive e S Sly o
E e e g Sl Clols ey
sl Jolo bwg (oo Jodie (ugsly (gm0
O b4l s (BMSCS)lsal e (ool
Dl ) oy hjeselS Canyls olyan 4 BMP2
O b e losainl oS ol lis edd  Sdwe
(13).conl oy aslo ¢ Sloseial Sans dlge clale

Sew ailal lgseinl (oyhad plad Sluls paoy
e <8l 5l ead Buie ol sla Jobo bawg
day &S b L Sl pe Caus )b ol e 4 (ADSCs)
Sluls e o) 84/19+6/45 win 24 5
S T I I B
S Ol b amlo & ol ol Soglstun

g Oy &S gl awlio (53)cw] 04 o
e ool la Jolo S 555 595l

@ b Canyh ol )l calus s 4 JT e
ol s ol wgad (o Sl la cél
lie ) LS5 g il gl
(3 ojless Jgaz)-b

& 0y Can)b b (9o LI luls wre s
(IPSCs)onss Wl g > (oobis sl Joho ol yor
& b i 0e SATB2 et ouis oLy &
4 IPSCs pla Juws el ulg o SATB2
Enamel Matrix | oslizul .(48)w g cowMygiiul
10 95 i (o9l &5 Derivatives (EMD)
dlgne @l gl Joko ehen 4 cul gijsle]
RUNX2 5 Osx OC (sbo 5 b by W@ e
SUWl g Glew g Glel (gpde sl w2
awls (49)ws Wy awls o 1) Jede
s O Sl o)lsnd syt e 12 Sl
P anls ool gloyd sl adllas )3 040 (0 loyd
(BMSCs) yloscinl 320 (oobis sl Johw jl « S
oy Sl o Sl Sy ol a8 wob ol
(50). stz 3gu0 1y eyl Sl Glulss
A5 ool L gl adllas )b b Jolw ids olay)]
o) (5 yingySan 300 1 100 sla sl o
ek o9 Ml o silk fibroin protein
bug Jolo @l Syl W o b Jslo iS5
O ol (BMSCS)O]W\ e ol sl Jolo
olyord & Cuny)b (pl s o2 Les BMP7
P Gl gl W cose ol sl Jolw
Ghbe bz sl Jsho bwgi LIS (53900 4l
Cowyld olpor 4 (ADSCS)@P el jloends
» bl o3b L3 g (ABB)gS JI e el
ADSCs i a5 o olis oo Ol am Joxo



91 plws) «@)les d)ladd (@Iny) 2)g

ol (Sibjy eole alSiily alc alas

SRl wly ale Ghye Jutie S0
S Sle Oypo 4 o5 b olts Jor e
Cope &y Ggen Sl awd cdl
S B k) e 5 @l pll Soiglgin
alia gy cnl & il ploginl . Canl 0ad JSUs

(55). sl plie J3Is (g5l g

BMP2 (c1i, ,551 ol jan 4y (BMSCS) 3 lssctal
e 15 Clals ey o ey cunh
b s (S Gy S5 Ao (5o
O3l plyl (s 4 MlF oo o S5 ol &
Olgin] Bgn (54)ogis luls (pl ey el
o bt b Jole by ol edige
4 Glye Cun)h olen o (BMSCs)glpd

S 2 b S Connl5.3 0 lowd Jgu>

o ) 956 Cunyl> 93 @bz Jsbo g5 IS8y Jore sl Jlo O digs
anls alie
ol (g yogiwan din i jln  SATB2 oy azsly 5 IPSCs Syie el 2011 Ye et al.
o]y Lyt oyl %59/5847/00 LylJs (48)
b
ol o ptogiund gy gy 24 51 an Enamel oy iPSCs ke 1/5%2 2011 Duan et al.
o]y Lyt oyl 58/53+2/67 Matrix i (49)
S Derivatives Jbipssen
o IS (6 ytagiand iin 24 1 an BMP2 ; Ol ye 48l s BMSCs ke 12 2010 Xiao et al.
UTAIB3£TI94 5o 4y, gl o)lssd (& 5o (50)
b ol Cayl
3l (5o)gi s dzin L | dn BMP7 ; silk fibroin adl s BMSCS (g0 Le3 2010 Zhang et al.
15 ol 5 a5 1y Ais kil protein Lyl (51)
b Ui anls 585e
sl WHCT ol oS jla ABB ADSCs e ke 8 2010 Pieri et al.
elisy) alidl 5 ol 133/183/92 33as (62)
S yogi gy o Lo 3/11+0/56 L, lgls
ly o el calo %47/96+8/53
b ol
S5l oy 0ls Loy 93 il dms sal £l BMSCs e ke 3 2010 Lucaciu et al.
Sl s )y ks b g cols Jbay (17)
S oGl iy ) A C A BMP2,; Premineralized  asl ,.BMSCs ¢y Le5 2009 Jiang et al.
Iy oy gl BT/TOETIIB il silk fibroin ool (13)
b ol protein
ooy (S )y azin 24 5l o Ol ye ADSCs ke 20%20 2007 Cui etal.
Sl s ], anls woes %84/1926/45 Jbsps syt (53)
Olgsial célo (31550l wiin 16 51 ax BMP2 Ol ye BMSCs ke 15 2007 Hou et al.
Sl s |, KT T/45 az) daen (5o (54)
Ozl c8 L ()5t alo dus I any Ol ye BMSCs Joie 2004 Al-Salihi
Sb bl ol s 3gse bl (55)

BMSCs: Bone marrow mesenchymal stem cells~ADSCs: Adipose derived mesenchymal stem cells—iPSCs: induced pluripotent
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BMSCs: Bone marrow mesenchymal stem cells~ADSCs: Adipose derived mesenchymal stem cells—-PRP: Platelet rich plasma—
BMP: Bone morphogenetic protein-PLGA: poly (lactic-co-glycolic acid)- PLA: poly (D, L-lactic acid)- PGA: poly (glycolic acid) —

PLLA: poly (L-lactic acid)-PVDC: Polyvinylidene chloride-PEG:

metalloproteinases
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Obge LIPS e e D Cluls ey

b gyl pll Koo clio slo )

< (BMSCs) el jio o3k sbo Jobo Lawgs
Can)ld b etidgs 00,8 cdl o Iy HIF-1aw 9516 o3
3l olis (CMPC) i e anlS’ (o
L Sl cale cely Wiy o je88 ol o
Sols moeyi (6705 st (s dlge iee

Nano . Synthetic Hydroxyapatite(HA) _J.Ls
Beta Bioglass HA
Calcium Posphate(CaP) Phosphate(BTCP)

(5 o)lod Jgao)- 4l 0

Tricalcium



OhBes § gbsaizs Lysaaw -ls Sl B ($)9)s (A8 § D)Q0 § G5 (IlgATwl DBL (wsige

olyor 4y Cuwl 0id Carnyd Dlound paanlS” ylows 1 a8
Slols poy ol Fo ol o Jsbo
a8 ol L Camyly ol cdy 8w 5685 e
sl Jsho sl yl 1 oS wiin e 5l s
g il plygaad S gle e wlbe (gal8 ol
@iloil awmlio (T0)o)ls 1) 398 (6)55ko Cans
BMSCS buwg S Jutio Joigll lgscinl anls
wid jl A Bi0-Oss 3 HA/ITCP Weslsul 45
BMSCs olyen 45 HA/TCP a8 oy \lis auén
anls p» olycwl aey 6578 W 4 i
Bio-0Oss L awlie ) & cul oad ol
Camyls g yin e (1o 36/84)
b 300 Lawgio o}l b (cla Jsdss ¢l,ls HA/ITCP
b Can)h K Bio-0Ossy  yeg,Sie 500
1500 1 300 Ly e sla Jsdss L NBM
WSS o 5 (T1)gs ag S
Gyl bausg 3 M5 Slo ogis (gpsili LS
o ».cé 3 &y BMSCS olpen & HA/TCP
Pl cileal (oginms 05 YU 5l dx olo du dslllas
b ol o 93 & was b JlE 3 e
@ ool Gl b oy p Sdg 3990 Ayl 50
Sygo il gl 2oy 4134 g b
2 )l 3y anl > oldl U5 ga g wdS
3 eSSl plol gl piall (BlS el o
12/08 Luwgio 4 WSle a5 3 jio oo 4w
9 il am yio o 10/08 5 olo aw | am 2o e
ol &S a S s e cpl g b Glis 1) el
Golie pogiom peslilaST sy S5 o Sy
Sy 2oli 055 oled 4 (b Oldllas Lol il
(12). el i o] S8 38

olyen & Flurohyfroxyapatite o)l 5,8
PRP 5 (BMSCs) lssuiwl e (solis slo Jobo
b ol S 0 WSl wguw (amlsleS] 4ly
il 3oy 42/51 Wy 5 o WSp &S
930 oo olodw i o By b oy
e tla ) Jl Gyl el s
2 TCP g HA (73)6—5 (oo oyl @
() S L ool 9

bowg (g Judie 3o (e @ Sl
bl 5 (BMSCs) sl 520 o3l (sl Jbo
0} | BTCP Cawsls olyod 4 BMP2 55 |,
2y Ui g pieg S e 450 I I 5 lawgio
oy Sy oyl g (o390 U4 Gl ls &S
bl JSi nae glul glie a1 ai sl
dusl e )3 3)50 09y 5 ;3 doy 31/83£5/35
@ Cann)h 2al5 09, 5 > aoy 4[721/74 \,
cla Jolw 5l ool (12)icul odg  oles
L aglio » (BMSCS) sl 3o ook,
4 (PLSCs) Jtsgdg 30 & (oobis sl Jolwo
Sluls pey gl HAITCP cauls oy o n
S o (B ey GLLI gl
1 sl il @ s 5V Ulg BMSCs
L ooy ol g0 omia o2 8y PLSCS | awglis
ol & Wl slis ool sl Jslo 0,8 b ol
€8l g b plyeial oo ) mae)5 I dm b ol
ellid LB oo cilel SLbI > > g b oo
(68)..554;
a4l SCae S Slesuwl aluls gy
G5 ity sl Jgho Loy S5 iyt jrhans
Sy & (MPDTSCS) s yslie Syd (e
83/1 olo 6l am oS 3 lis BTCP s
284 & s 3590 09,5 )3 03l yime gl duo )y
(27) el oas St loyd (g 09,5 )3 oy
4 (BMSCs) szt 320 (olity slo Joloo 206
,» Flurohyhroxyapatite(FHA) 4 PRP ol ya
dudie SN (2 @) 0 Gtk Cluls ey
oSy ma ol dw I oam a8 obh gl S
5 ol &5 oy A g > (Sislysed
T L
Ssu s (s 45/28) FHA+PRP+MSCs
Aol a b (aoy 46/97) 590 gl
PRP+FHA « Lo Jor o 4 s
36/03) ks & FHA 4 (1—sy 37/95)
03 by Nl 00, S cedlyy (1—op
Ca-deficient Caaag > (69)ccel
Jxdss asys 81 L hydroxyapatite (CDHA)



91 plws) «@)les d)ladd (@Iny) 2)g

ol (Sibjy eole alSiily alc alas

(BMSCs) g5l 5 oo sl 1
du Da)J/ ).) 9 J._a.o).) 62/73119/10
e el Jo—w 93—

oy 60/39+21/32 (BMSCS) sl

&9_3 9 )‘ oale_twl O QF’?L‘L’ 9 ! 039

HA ... osteoinductive 4 osteoconductive
TCP Js el wis s, o Low
Sy Jele b 058 ol Wy
S @) Sl w9y Ssdhge
jo ool gl Jolo bwg K Jge 0y 4l

(74).¢;_Jsl.\_s RPN GO L g HAITCP cuwyls g5 93 olpad & ozl
colo o o gl aws cas jl aw bioglass
sl Jsdo bogle 095 5w gl

Sl (Sluo (S Cunn 135 85l Sy
4l by Sl Sl g9 bt Jobo g5 by oo st Jlo OB g
anls i
ol (5 yioginmd (suyy A Culd | An HIF-1a Calcium aidly,s BMSCs Syio ke D 2011 Zouetal.
Sl ol | s oy H25/3145/16 Magnesium Lyl (67)
Phosphate Cement
(CMPC)
31/8325/35% (¢ rogiun ciin cutin | 1y BMP2,; BTCP =5 BMSCs e ke 5 2010 Zhao et al.
b s s st il aily Jodie (12)
ol azin 16 jla e (g pagi it (ayp HA/TCP ;BMSCs ke 10%5 2009 Kimet al.
5BMSCS 05,5 5 4ps sl %40/17 PLSCs Jnsio 50 (68)
Iy cibesl Gl )3 PLSCS 64,5 ,5%36/51
b ol
%83/ sl (s yragimn oo (i jan BTCP DTSCs 1/5*2/5*2/5 2009 Zheng et al.
S ol ]y e lysal S (ke @7)
Juie jhow
%45/28 sl (6 oyt it wlo 4w jl s Flurohyhroxyapatite BMSCs ke 8 53/5 2009 Pieri et al.
Sl s ) syl 3l o e (69)
s
anls JolS maoy (55eltmn dtin Cula I du Ca-deficient BMSCs ke 3*6*10 2009 Guo et al.
Sl s, hydroxyapatite Unpdio 5yt (70)
(CDHA)
3L (6 ot (yy cdiin (i | de Bio-Oss ; HA/ITCP BMSCs e ke 10 2008 Jafarian et al.
HAITCP 5 g1 %65/78 Justzo sigll (71)
b ol 1, Bio-Oss > %36/84
Lusgio b S yogiund oy ol dw I n HA/TCP BMSCs g S 2008 Shayesteh et
Sl s ) sl 041/34 MjSle (?Ié)
ol o yragimnd () p 0lo 4w | in Flurohydroxyapatite BMSCs OpmolleST 2008 Pieri et al.
Sl s ] s oyl WA2/51 MysSle pagisw (73)
3l Lt (6 phogiand cdin HLge o HA/TCP BMSCs e ke D 2007 Mylonas et
ol 4zl yis ol W58/25+18/43 S ey (?2)

o]

BMSCs: Bone marrow mesenchymal stem cells— PLSCs: Periodontal ligament stem cells — DTSCs: Deciduous tooth stem cells — PRP:

Platelet rich plasma — BMP: Bone morphogenetic protein — TCP: Tricalcium phosphate — HA: hydroxyapatite
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BMSCs: Bone marrow mesenchymal stem cells — ADSCs: Adipose derived mesenchymal stem cells — DPSCs: Dental pulp stem cells — APSCs: alveolar periosteal
stem cells—PLSCs: Periodontal ligament stem cells— hMSCs: human mandibular mesenchymal stem cells—FGF: Fibroblast growth factor— BMP: Bone
morphogenetic protein — TCP: Tricalcium phosphate— HA: hydroxyapatite— DBM: Demineralized bone matrix — PLGA: poly (lactic-co-glycolic acid) — PLA: poly
(D, L-lactic acid)
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_ Craniomaxillofacial Bone Tissue Engineering:
A Review on Scaffolds
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Abstract

Currently autografts are gold standards for
craniomaxillofacial bone regeneration. But
autografts have some limitations. Bone
tissue engineering has been introduced to
overcome these limitations. It consist three
components: stem cells, growth factor, and
scaffold. Scaffold provides an environment
for bone growth and simplifies cell
adhesion, differentiation and proliferation.
In this review, application of natural,
synthetic and composite scaffolds in animal
and human studies were described. Based
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on this review, autografts are still gold
standards for bone regeneration. However,
it seems that recent advances in technology
of designing scaffolds would help designing
more appropriate scaffolds for bone tissue
engineering in near future.
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regeneration,  Scaffold, Stem cells,
Craniomaxillofacial
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