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BONE TISSUE ENGINEERING USING PLLA/HA COMPOSITE SCAFFOLD AND
BONE MARROW MESENCHYMAL STEM CELL

Byeongyol Kim, Hyonseok Jang, Jaesuk Rim,
Euiseok Lee, Donghyun Kim
Department of Oral & Maxillofacial Surgery, School of Medicine, Korea University

Aim of the study: Scaffolds are crucial to tissue engineering/regeneration. Biodegradable
polymer/ceramic composite scaffolds can overcome the limitations of conventional ceramic bone substitutes
such as brittleness and difficulty in shaping. In this study, poly(L-lactide)/hydroxyapatite(PLLA/HA)
composite scaffolds were fabricated for in vivo bone tissue engineering.

Material & methods: In this study, PLLA/HA composite microspheres were prepared by double emul-
sion-solvent evaporation method, and were evaluated in vivo bone tissue engineering. Bone marrow mes-
enchymal stem cell from rat iliac crest was differentiated to osteoblast by adding osteogenic medium, and
was mixed with PLLA/HA composite scaffold in fibrin gel and was injected immediately into rat cranial
bone critical size defect(CSD:8mm in diameter). At 1. 2, 4, 8 weeks after implantation, histological analy-
sis by H-E staining, histomorphometric analysis and radiolographic analysis were done.

Results: BMP-2 loaded PLLA/HA composite scaffolds in fibrin gel delivered with osteoblasts differenti-
ated from bone marrow mesenchymal stem cells showed rapid and much more bone regeneration in rat cra-
nial bone defects than control group.

Conclusion: This results suggest the feasibility and usefulness of this type of scaffold in bone tissue
engineering.

Key words: Bone marrow mesenchymal stem cell, Bone regeneration, Bone tissue engineering, Poly(L-
lactide) /hydroxyapatite (PLLA/HA) composite scaffolds
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1. PLLA/HA Composite Scaffold Fabrication

PLLA/HA composite scaffolde Poly(L-lactic
acid) (PLLA) (Boehringer-Ingelheim, Ingelheim,
Germany, viscosity 1.4-1.8 dl/g)& °l&3le] double
emulsion-solvent evaporation < AHE-3t] A %319
o}, HA9}F 1:1 volumeo 2 Z3}35te] PLLA/HA compos-
ite scaffold& A3t AN 24& #Es7] 9
ofo] A|ZH scaffolde 71w AAA AF-9 FHolZ
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b. Soft X-ray & 3D CT Analysis
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Fig. 1. SEM findings of PLLA/HA composite scaffold.
(a: Only PLLA(%200), b: PLLA/HA(x50))
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Fig. 2. H&E staining findings.
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Fig. 3. Soft X-ray findings. 7 Fig. 4. Soft —ray findings.
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Fig. 6. 3-D CT findings(4 weeks). Fig.7. 3-D CT findings(8 weeks).
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3. Soft X-ray

Soft X-ray &71914 control group fibrin glueths
Folg A5 '712 733 Fo|m e & AERe AAol
A 2] gFkon] PLLARHS Foi gt Z-¢-Hr} PLLA/HA

£ Fog A5olA A4 0] }01 P 3 YA 7]
F7kste] EEAEE Folg A5 2F40] 7k AN
ou thBMP7} 74 250 Hlste] 1 ot 27} 24
AH Fdoldtt. PLLAY HAZ coating® A% 7] 1F
8 bone density”} S7F0] UL 53] 45 20N
E PLLA/HA, AX 2 BMPE $Ald A0S o
bone density7} T+ ol Hste] FElaHA S7kE o] UL
oy 8F aAdAE PLLA/HATE Foig 21 7]
o NZE FAldl Fold Z$-Hy BMPE 2ol ©]43 7
¥ bone densityollA] & zke]E FAT & JAHFig. 3,
4,5).

4.3DCT &1

Z28kA 701U soft X-ray 2243 FASH ZAA o]

PLLA/HA‘; FoIg 745 Aol 535 BMPE Foidt

FlME & AEF AAo] A9 ghaEe Pt
(Flg‘ 6, 7).

o

259 A4F Ay =9 Agho g Qls) 41 24
U 715 dfd R Betaat she 87 g5t 3o
ool whet Aleke] Ao} X 2] Wstel A £
HIE d3Hoz AT B4, F YA NEs 5
& Adstat she B2 o] Ropx|a k. QlA¢] o
g X7 FollAl wet Aol hREEE AL e 24
Ie gds] e 2Ystet AEE 42 AU
ATH

AA 9 T2AL el AR 7148 olglEtelE 2
ol F71dol dHet AAE BPAR oY e 553

2431 el ALY 7180] {7140 o] FoI7] Rol
olel Wd S Edote f—7l= HAE & 5 9o
B F7]d= calcium phosphate$! hydroxy-apatite
(HAZF 522 AXaPl B}, @A7A 2 0|48 Az
2 A4 Ags A 327k ol AgER Qe
QY A e S50 3 A S Hdte] Aok 7]
A4 S0z A8 94A S8 BAZ AAL sle

TLEAE] B F AR ol AL At vl do

328

z]__ = /Kg/ﬂ] _‘/ﬂ H:]oﬂ}q 7H/\-15105’o]: g} ZJo] ‘31‘0] Oh;].
wteba] A At A aEAke] stelHe| =g}
L Z2AL ksl Ao A|Zola} & 2= glom o}
7F 29 EAE IFACE A F e Ve &
ojgt & ¢ %\Mﬂr A At e dutgo g E‘f“ﬁl—r
7b w5 mom FAd by wiiel BAASE 3
A= 7 HEV] 2 ¥e 22 Azt 532 EOH
I FARE 93y 24 AYA & & ok Al 2
o I’_E‘Z} ﬁ.o]h,]. :o:?;fj —E;].oq j_y_T,‘iL;q._/] /H AL = jy_a:] 3} H] A
& 2roA SEFAE ot Akl gzt o 9
TRl ofsl g4, gt EAdo] AEM AHe &
el ofsf =2 ‘IT/‘]'a AT AEE de T U
PLLAE QA sidgst Ak 32414 o %L:é
73 9lel & Bl 28k bonelike minerals
PLLAY coating@r2. 24 71414 Z&Z Z7HA7]|1 34
TS PN F e AR A dH. B AT
o4+ macroporous PLLA sheett} plate’} obd PLLA
particle= ©]-8-8t9] HA®F| composite scaffoldg A 23}
o] Aol o] &-st5itt.
oA EHH o AEEL 2FE Ye AAANE EHO
U Fdsks g 3 o & B, ol AXY
£-2 ol (adhesive serum protein) ] 2S4S Ha 9l
Fee e AR FHd o 24 é@% st Ao
2 FHEY ASAEE o] &3 A EFF AN 254
oAU 54& H+= polymer :i‘?ii‘?} Fd= Heplle
polymer WA A|E2] F2o] dkat Aoz dHA 1
ATH? . ol o 7@ charge interactionC 2 918+ %7]
i Rae] o gl AZe AAAE THIe] ¢
A3 dgor g EHCE 7] shear stress
A 2 AgA Q“ A T2 AZEnt B dfelxe
= U ZRAE7 AREEA oY 34 UER
FHET} °ob‘é% Yehl = ¥ o & 3
< p3ithH B Ao x 2

R
J

O

(¢

=

tote Al

Atz o7 mlcropartlcle Gl 9] scaffolde ThFet 27]
o] FAPIZ F7} 7bsdta 9 W9 shear strength
2 918 microparticle?] o] dojux] gkolo} sjm F
Al 2 B} B9 2 o] FHA] grotof sh=t" 27 0] 40um ©]
of ol FRE Folod e FHE o|52 F e AR
g2 glom A7 o] 20um °]skl 7%l in vitrool
AT phagocyte’} microparticles uptaked 2.2 £/
02 T2 o]5d F el Busx o, 28v A
Ab THE B2 ol sitlgt® ARt 7Rl meh AR
oz Aot ot A 2L FHTE dAAY A
oz AZHEL PeehH JAdA o]ddl= FHv



TAN A 2 3} A
ATzt Mgt upe} o] AR 7] wfZel A 2 &
T e Aor AEn B & 3 2
Alo| AH o2 by & AEH A S,
skl polymer scaffold¢} calcium phosphateE ©]-8-3t
injectable type®] & A o]2A|e] ARg-o] HuEl=u]™
%% d4% @4 (Platelet-rich plasma)< injectable
scaffold® AM&ote] S5 E7|A1E9e EF AHEoR F
% daw g% oju & o|AAlE de A= BioOss
%2 PCBM(particulate cancellous bone marrow)X.th
zATgAo 7 AAgA oz ] 43 APyt Ruyrw
Eii=

Scaffoldell apatite coating &t :
28 BeE A gle Ae® 4yA e
apatite’t 2 coating® 1 743 371 $lalM = scaf-
folde] ZWe]l 54 chargeE 7HEE 3= AW A
(surface functionalization), Z4% ©]&< chelations %
ok %9 3] g (surface calcifaication)7} 22311, &
7oA = PLLA microparticle? HASl §4<S &3
composite scaffold® A|Z3te] o] &3} = PLLAE
polyester A%o] 22 hydrolysisZ EHA 27} 7Fs3sitt.
Z & EAd| 2814 ester bond7} hydrolysis ¥lo] &3}
£ Y& carboxylic acid groupl& #3851 o2
w78 el PLLAY Z<5 o]°] chelationd}Al &
©] surface nucleation®] ¥ojutil xjo}e} Fof|A] EAE
= P Al 2 EA ] 3o in vivo BollA &
TR A F7149 2A g o] TAETH . A<
hydroxyapatitet &35S Yehlo] apatiteS FA st
of7lel AE7F FAE & FAS ZAAT)IARE T A o
FTT apatite®] 4 HLAE XOE G| 9
o Ca-PLZ scaffoldE coating®r o2 scaffolde] 7]
AR =7t S7kE 0] Zo] F2, w8lste <l cellular
contraction forceZ AUl scaffold F5%= WA 4 9l
= A= i

PLLAE in vitrodlM 2} in vivoelA E3l&=7 o
2 ZAow 484 et PLLAY EaAHES pHE W3+
m o|Zlo] Fo] @35 doT|ARt o] F= A3
Eol9t TS F535] AAS] wie T4 A%

AN B Ao ® dEA 1 U AA = PLGA
of Hefj2 913 pHY #AaE T dA d3 IS IS
AER AA gom? wadlg dfo]=FAlel=gl e
buffering baseE PLGA microsphered] 37122 pH
o] Az Aste WAE  Yle AoR 4 A AT,

Apatite®] HFo 2 MFxAo] & AERE F2 5= A

ke

19 rlo

PLLA/HA Composite Scaffold9} 25 £7|MEE 0|25t =XS3E ZAfMof st o7

2 o] F2o] F7E o] AA %} =] A
Al HFol A1 B F7IMEY] TRA RS £3)
= AR dHA YA o]of Bt pAl| gl 7]
S WA A] g AJHlelt}. o]9b= 2] apatite “3ollA
BA| S F2o] dAETE Bk jlom®Y SRAXE
2o] Fslof H Jafo] gle 2 Kk e A o™
233 amorphous calcium phosphate #-& calcium
phosphate mineral& in vitro®t in vivoollAl SEAHEZ
o B35 dAlstn Axujkd 54F doeve Hux
A=H? o] F7149] 5/, A T/, A AFH Uy
] zpo] T ogk Ao R FHH I YT,

rthBMP-2% polymer scaffolddl] #7}go2 & =
o] gtrlo] AAE o] FXH I scaffold®] F57t =
A5 Aoz deA 1 Jed” & P wd Hofst
= Aoz 48 AAAAE BMP, transforming
growth factor-B(TGF-B), insulin growth factor(IGF),
fibroblast growth factor(FGF), platelet derived
growth factor(PDGF), Interleukin-1, tumor necrosis
factor-(TNF-2), interleukin-8 &°| &8 ©]5 BMP
= 19654 Urist™ell ¢Jef A& E1¥ 3 BMP= ¥9d
olef B2 A7 JFH I vk BMP= o} @AM =
23} 71e] gAof Fojsta AP, AR Q] W F9
719} ol Gk A B A2 2 2349 24
o #olgity BMP-2& ZRAEY & 34 w4 pheno-
type®] S7+8 fredhetl WA 3k S RAEA T F3F
= PAEA o e} nliEshd AT EAE
A ERAERY T35 et 4
Ao g Ax3 7t BMP(rthBMP)2
ol A G AAN &4 7Med Y2 FF
7Fsdtel Atk thBMPE ol &-3te] theat
< o] &3ty & PA S st vk Hug
oA HA| QoA e] AEPNo] HaE T glA|
T e BIA R YA AHEEA= Rt
ojth. BMP-2& ZAIAEA A4S =g+
BARJNA-mA BRE7IHE A2 EA 9
Lane 5" rhBMP-2 @5 AM-A|Hth rthBMP-
T 22 HEe B US 2 245 B
AT FHZo oA AFAR 24 FEH A
THY == B4 ¢4 d¢ P4
3 gloyt Lane 7
o] &x7] YA e T B
Atk =P A= vl
Fo] A4 9l

[eleRan |

[e]

N off

¢

oSk
e

—_—

>

2
N o
5 I

oz I

¥

offt ™= o2
& M od
g nx 1o

2

ook
2o el ool oo )y 2
rEooxl 2 e O g 1o

¢
F
o
ok R oo

= g
o
ek
— &R
ol o

_r,:_%;d =

a]

o rlo
02
iy
[o o
fu
oX,
of

N

o o

rr

& hu]
¢
re oo
-4
N
N
e
ko
roi
O, W,

o
Wi

| = scaffoldel
ZA A Z

A9 BMPE AH&ahe W

og A

o}

ook
3
%
)
e,
4
N
S
AL
o
)

o)

o

oy, X
WO

x
bl

i

Mg
O
¢

329



CHtetoto&gialzi el nfets|x]: Vol. 30, No. 4, 2008

& we a7sh $RUY] AU oby Yoz
o] AHg5IA) Baha e, ol F A& H9] A48

g oz A e L%_"_i =4
) BMP/} E94 02 28-S 317] 93 39 oj7do] o] F
ojx)7] Ao B2 22 BMP7L 11 752 el e &9
gol &Aool A] A = Aolth. wakx], BMP7F A4
31 WEE 1 A& or Agsin, IAEF & FaE 5
9= scaffoldy] 7o) P 93t} BMP/F E3d oz v
HE, TS YT scaffolde] NES dA7A T2
PLGAE AHg-ste] T34 scaffoldg #l2ksted, 41329
e FHA R PIANA & YL F18ke S BX
2 gt} 2 AoA g 2ol HAZE M7 scaffold7} A
371 % 3=t PLGA scaffoldis #3150l slo] 9% Al
Zbol Aupdl ZafjElo], M2& 2408 A=A, 1)
229 remodeling® = £%¢ scaffold®] &3l =71 A
A8kA] %31, 2) BMP7F #7FE #2259 AlZte] Exa)
, 3) T3+ d71d BMP7} scaffold?] E9H44, 714
ol A7k ¥ PLLASS #go= 0161 WE 58 Eo

o] A& GA He TAHEC] At AEAA, 4) 2AG
o] O34 scaffoldo] B2, o] 2] %-9]<] oI‘EHS’Jr g ehs] U
A gle EAI-C] 9lof o]d EAldl tigt A o] 2

>~l

2K

V.2 E

PLLA/HA composite scaffoldE double emulsion-
solvent evaporation < AH&-ste] A2t HAS 1:1
volumel.Z &ste PLLA/HA composite scaffoldE
Azdte] WA SR 2AER FRAE 9 thBMP-2
o} o Folste] ot 2 AES AU

1. PLLA®] #wo| hydroxyapatite (HA)E =ZAA

PLLA/HA composite scaffoldE A2 4 3L
2. HAV} 99 =Z5 =3 4|29 PLLA/HA compos-
ite scaffold= HAS ¥a3lx] e Z5-Ho}t A4Z

o] Aol F7H= T
B el A3& PLLA microparticle®] apatiteE =
B3l ZAAE composite scaffoldZ AH&-e] 7}s3te| 2}
A2t A9 3% old] et o B2 A7t B astEe AL
=Rl=3

330

10.

11.

12.

13.

14.

15.

16.

17.

. Li Z, Yubao L, Aiping Y et al :

. Okamoto M, Dohi Y, Ohgushi H et al :

. Linhart W, Peters F, Lehmann W et al :

. Young CS, Abukawa H, Asrican R et al :

. Jung Y, Kim SS, Kim YH et al :

. Rohner D, Hutmacher DW, Cheng TK et al :

REFERENCES

Preparation and in vitro
investigation of chitosan/nano-hydroxyapatite composite
used as bone substitute materials. J Mater Sci Mater Med
16 : 213, 2005.

Influence of the
porosity of hydroxyapatite ceramics on in vitro and in vivo
bone formation by cultured rat bone marrow stromal cells.
J Mater Sci Mater Med 17 : 327, 2006.

Biologically and
chemically optimized composites of carbonated apatite and
polyglycolide as bone substitution materials. J Biomed
Mater Res 54 @ 162, 2001.

Tissue-engi-
neered hybrid tooth and bone. Tissue Eng 11 : 1599,
2005.

A poly(lactic acid)/calci-
um metaphosphate composite for bone tissue engineering.
Biomaterials 26 : 6314, 2005.

. Montjovent MO, Mathieu L, Hinz B et al

Biocompatibility of bioresorbable poly(L-lactic acid) com-
posite scaffolds obtained by supercritical gas foaming with
human fetal bone cells. Tissue Eng 11 : 1640, 2005.

In vivo effi-
cacy of bone-marrow-coated polycaprolactone scaffolds for
the reconstruction of orbital defects in the pig. J Biomed
Mater Res B Appl Biomater 15:66 : 574, 2003.

. Williams JM, Adewunmi A, Schek RM et al : Bone tissue

engineering using polycaprolactone scaffolds fabricated via
selective laser sintering. Biomaterials 26 : 4817, 2005.

. Iejima D, Saito T, Uemura T : A collagen-phosphophoryn

sponge as a scaffold for bone tissue engineering. J
Biomater Sci Polym Ed 14 : 1097, 2003.

Domaschke H, Gelinsky M, Burmeister B et al : In vitro
ossification and remodeling of mineralized collagen I scaf-
folds. Tissue Eng 12 : 949, 2006.

Li Z, Ramay HR, Hauch KD et al : Chitosan-alginate
hybrid scaffolds for bone tissue engineering. Biomaterials
26 1 3919, 2005.

Abbah SA, Lu WW, Chan D et al : In vitro evaluation of
alginate encapsulated adipose-tissue stromal cells for use
as injectable bone graft substitute. Biochem Biophys Res
Commun 18:347 : 185, 2006.

Fujibayashi S, Neo M, Kim HM et al : A comparative
study between in vivo bone ingrowth and in vitro, apatite
formation on Na20-CaO-SiO2 glasses Biomaterials 24 :
1349, 2003.

Tanahashi M, Yao T, Kokubo T et al : Apatite coating on
organic polymers by a biomimetic process Am Ceram Soc
77 1 2805, 1994,

Tananhashi M, Yao T, Kokubo T et al : Apatite coated on
organic polymers by biomimetic process: improvement in
its adhesion to substrate by glow-discharge treatment J
Biomed Mater Res 29 : 349, 1995.

Somasundaran P, Markovic B : Interfacial properties of
calcium phosphate in biological and industrial system,
Switzerland, Tran Tech Pub, 1998, p.85.

Chun KW, Yoo HS, Yoon JJ et al : Biodegradable PLGA
microcarries for injectable delivery of chondrocytes: Effect
of surface modification on cell attachment and function
Biotechnol Prog 20 : 1797, 2004.



18.

19.

20

21.

22.

23.

24.

25.

26.

27

28.

29.

30.

31.
32.

33.

34.

35.

Cho ER, Kang SW, Kim BS : Poly(lactic-co-glycolic acid)
microspheres as a potential bulking agent for urological
injection therapy: Preliminary results J Biomed Mater Res
Part B Appl Biomater 72B 166, 2005.

Kershen RT, Atala A : New advances in injectable thera-
pies for the treatment of incontinence and vesicoureteral
reflex Urol Clin North Am 26 : 81, 1999.

. Morhenn VB, Lemperle G, Gallo RL : Phagocytosis of dif-

ferent particulate dermal filler substances by human
macrophages and skin cells Dermatol Surg 28 : 484, 2002.
Boix D, Gauthier O, Guicheux J et al : Alveolar bone
regeneration for immediate implant placement using an
injectable bone substitute: An experimental study in dogs
J Periodontol 75 : 663, 2004.

Ito K, Yamada Y, Nagasaka T et al : Osteogenic potential
of injectable tissue-engineered bone: A comparison among
autogenous bone, bone substitute (Bio-oss), platelet-rich
plasma, and tissue-engineered bone with respect to their
mechanical properties and histological findings J Biomed
Mater Res 73A : 63, 2005.

Murphy WL, Kohn DH, Mooney DJ : Growth of continu-
ous bonelike mineral within porous poly(lactide-co-glycol~
ide) scaffolds in vitro J Biomed Mater Res 50 : 50, 2000.
Helen LH, Pollak SR, Ducheyene P : 4535 bioactive glass
surface charge variations and the formation of a surface
calcium phosphate layer in a solution containing
fibronectin J Biomed Mater Res 54 : 454, 2001.

Kokubo T, Himeno T, Kim HM et al : Process of bone like
apatite formation on sintered hydroxyapatite in serum-
containing protein Bioceramics, Switzerland, Tran Tech
Pub, 2003, vol 16 p.139.

Peter SJ, Miller MJ, Yasko AW et al : Polymer concepts in
tissue engineering J Biomed Mater Res (Appl Biomater)
43 1 422, 1998.

. Martin C, Winet H, Bao JY : Acidity near eroding polylac-

tide-polyglycolide in vitro and in vivo in rabbit tibial bone
chabmbers Biomaterials 17 : 2373, 1996.

Zhu G, Mallery SR, Schwendeman SP : Stabilization of
proteins encapsulated in injectable poly(lactide-co-glycol-
ide) Nat Biotechnol 18 : 52, 2000.

Nagano M, Kitsugi T, Nakamura T et al : Bone bonding
ability of an apatite-coated polymer produced using a hio-
mimetic method: a mechanical and histological study in
vivo J Biomed Mater Res 31 : 487, 1996.

Yan WQ, Nakamura T, Kawanabe K et al : Apatite layer-
coated titanium for use as bone bonding implants
Biomaterials 18 : 1185, 1997.

Li P : Biomimetic nano-apatite coating capable of promot-
ing bone ingrowth J Biomed Mater Res 66A : 79, 2003.
Barrere F, van der Valk CM, Meijer G et al :
Osteointegration of biomimetic apatite coating applied onto
dense and porous metal implants in femurs of goats J
Biomed Mater Res 67B : 655, 2003.

Gundle R, Joyner CJ, Triffitt JT : Human bone tssue for-
mation in diffusion chamber culture in vivo by bone-
derived cells and marrow stromal fibroblastic cells Bone 16
597, 1995.

Krebsbach PH, Mankani MH, Satomura K et al : Repair
of craniotomy defects using bone marrow stromal cells
Transplantation 66 : 1272, 1998.

Krebsbach PH, Kuznetsov SA, Bianco P et al : Bone mar-
row stromal cells: characterization and clinical application

PLLA/HA Composite Scaffold9} 25 £7|MEE 0|25t =XS3E ZAfMof st o7

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Crit Rev Oral Biol Med 10 : 165, 1999.

Martin I, Muraglia A, Campanile G et al : Fibroblast
growth factor-2 supports ex vivo expansion and mainte-
nance of osteogenic precursors from human bone marrow
Endocrinology 138 : 4456, 1997.

Haynesworth SE, Goshima J, Goldberg VM et al :
Characterization of cells with osteogenic potential from
human marrow Bone 13 : 81, 1992.

Ohgushi H, Okumura M, Tamai S et al : Marrow cell
induced osteogenesis in porous hydroxyapatite and tricalci-
um phosphate: a comparative hnistomorphometric study of
ectopic bone formation J Biomed Mater Res 24 :1563,
1990.

Krebsbach PH, Kuznetsov SA, Satomura K et al : Bone
formation in vivo: comparison of osteogenesis by trans-
planted mouse and human marrow stromal fibroblasts
Transplantation 63 : 1059, 1997.

Petite H, Viateau V, Bensaid W et al : tissue-engineered
bone regeneration Nat Biotechnol 18 : 959, 2000.

Murphy WL, Simmons CA, Kaigler D et al : Bone regener-
ation via biomineral presentation and induced angiogenesis
J Dental Res 83 : 204, 2004.

Oreffo RO, Driessens FC, Planell JA et al : Growth and
differentiation of human bone marrow osteoprogenitors on
novel calcium phosphate cements Biomaterials 19 @ 1845,
1998.

Oreffo RO, Driessens FC, Planell JA et al : Effects of novel
calcium phosphate cements on human bone marrow fibrob-
lastic cells Tissue Eng 4 : 293, 1998.

Deligianni DD, Katsala ND, Koutsoukos PG et al : Effect
of surface roughness of hydroxyapatite on human bone
marrow cell adhesion, proliferation, differentiation and
detachment strength Biomaterials 22 : 87, 2001.
Handschel J, Wiesmann HP, Stratmann U et al : TCP is
hardly resorbed and not osteoconductive in a non-loading
calvarial model Biomaterials 23 : 1689, 2003.

Murphy WL, Hsiong S, RichardsonTP et al : Effects of a
bone-like mineral film on phenotype of adult human mes-
enchymal stem cells in vitro Biomaterials 26 : 303, 2005.
Boyan BD, Lohmann CH, Somers A et al : Potential of
porous poly-D,L-lactide-co-glycolide particles as a carrier
for recombinant human bone morphogenetic protein-2 dur-
ing osteoinduction in vivo J Biomed Mater Res 46 @ 51,
1999.

Urist MR @ Bone formation by autoinduction. Science 150
: 893, 1965.

Lieberman JR, Le LQ, Wu L et al : Regional gene therapy
with a BMP-2-producing murine stromal cell line induces
heterotopic and orthotopic bone formation in rodents. J
Orthop Res 16 : 330, 1998.

Yamashita H, ten Dijke P, Huylebroeck D et al :
Osteogenic protein-1 binds to activin type II receptors and
induces certain activin-like effects. J Cell Biol 130 : 217,
1995.

Wikesjo UM, Sigurdsson TJ, Lee MB et al : Dynamics of
wound healing in periodontal regenerative therapy. J Calif
Dent Assoc 23 : 30, 1995.

Gerhart TN, Kirker-Head CA, Kriz MJ et al : Healing seg-
mental femoral defects in sheep using recombinant human
bone morphogenetic protein. Clin Orthop Relat Res (293) :
317, 1993.

Origuchi N, Ishidou Y, Nagamine T et al : The spatial and

331



CHatepoH &1/ 2f=t3] %] Vol. 30, No. 4, 2008

54.

temporal immunolocalization of TGF-beta 1 and bone mor-
phogenetic protein-2/-4 in phallic bone formation in inbred
Sprague Dawley male rats. In Vivo 12 : 473, 1998.

Isobe M, Yamazaki Y, Mori M et al : The role of recombi-
nant human bone morphogenetic protein-2 in PLGA cap-
sules at an extraskeletal site of the rat. J Biomed Mater
Res 45 1 36, 1999.

56.

57.

defects. J Bone Joint Surg Am 83-A Suppl 1(Pt 2) : S146,
2001.

Khan SN, Lane JM : The use of recombinant human bone
morphogenetic protein-2 (thBMP-2) in orthopaedic appli-
cations. Expert Opin Biol Ther 4 : 741, 2004.

Friedenstein A, Kuralesova Al : Osteogenic precursor cells
of bone marrow in radiation chimeras. Transplantation 12

55. Boyne PJ : Application of bone morphogenetic proteins in 299, 1971.

the treatment of clinical oral and maxillofacial osseous

Z| A} A2k Reprint Requests

SHAT 425-707 Hyonseok Jang
73715 QA B 17kE 5161 A Department of Oral & Maxillofacial Surgery,

1
e S P A ool
324

School of Medicine, Korea University

516 Gozan-dong, Danwon-gu, Ansan, Gyeonggy, 425-707, Korea
Tel: 82-31-412-5370, 5956  Fax: 82-31-401-7125

E-mail: omfs1109@korea.ac.kr

o M2 20084 1€ 282
AR =M 20084 7€ 8Y Paper received 28 January 2008
Paper accepted 8 July 2008

332



