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DEVELOPMENT OF BONE REGENERATING MATERIAL USING BONE
MORPHOGENETIC PROTEIN(rhBMP-2) AND BIORESORBABLE POLYMER

Jong-Ho Lee D.D.S. Ph.D., Jong-Won Kim D.D.S. Ph.D., Kang-Min Ahn D.D.S.,
Kack-Kyun Kim D.D.S. Ph.D.*, Zang-Hee Lee D.D.S. Ph.D.**
Dept. of Oral & Maxillofacial Surgery, Dept. of Oral Microbiology & Immunology®,
College of Dentistry, Seoul National University,
Dept. of Oral Microbiology & Immunology, Gollege of Dentistry, Chosun University**

We tested the bone regenerating capacity and histologic response of bioresorbable matrix-type implant,
which was made with Poly(lactide-co—glycolide) (PLGA) and bone apatite for the carrier of bone morpho-
genetic protein(BMP). The critical size defect of 8mm in diameter was created at the calvaria of SD
rats(n=18), and repaired with polymer implant with 15¢g of thBMP-2(n=9) or without it(n=9). At 2
weeks, 1 month and 3 months after implantation, the animals were sacrificed(3 animals at every interval
and group) and histologically evaluated.

The calvarial defect which was repaired with polymer with BMP healed with newly formed bone about
70% of total defect. But that without BMP showed only 0 to under 30% bony healing. Inflammatory
response was absent in both group through the experimental period, but there s marked foreign body giant
response though it was a little less significant in polymer with BMP group. As the polymer was resorbed,
the space was infiltrated and replaced by fibrovascular tissue, not by bone.

In conclusion, our formulation of bioresorbable matrix implant loaded with bone morphogenetic protein
works good as a bone regenerating material. However, it is mandatory to devise our system to have better
osteoinductive and osteoconductive property, and less multinucleated giant cell response.
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3 A gleted (108, 4°C) Q134 2 22 & 2
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HE 3 o] g3 oy B oAeE T 85% AgEd] Al
H3le] AF MEE S AA}L JTTEE L5}
(PLGA-BA). o187 wrE0x PLGA-BA Y239 PBS
o %<9 rhBMP-2 15¢g(Laboratory for the Study of
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Yo 71 Bl JaAH Ao (Fig. 1, 2), FEF
o2 A3AXE ¢ EF IHE ALY (Fig. 3). Y=

Fig. 1. Rearranged multiple photomicrographs of PLGA-BA-BMP. 1 month post-implantation to the rat calvarial critical
size defect. Definite bone regeneration can be observed, but new bone formation is limited to the dural side, not the
whole area of implant (Toluidine blue stain, Original Magnification x40).

Fig. 2 Enlarged view of PLGA-BA-BMP of 1 months,
showing active new bone formation between polymeric
and apatitie substance (Hematoxyline & Eosin stain,
Criginal Magnification x100)

Fig. 3. Phtomicrograph showing endochondral bone for-
mation. Note the cluster of cartilage along the newly
formed bone (Safranin-O stain, Original Magnification x
100)
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Fig. 4. Rearranged muitiple photmicrographs of PLGA-BA, 1 month post-implantation to the rat calvarial critical size
defect. There's no sign of new bone formation. The implant is surrounded with the fibrotic tissue.(Hematoxyline

&Eosin stain, Original Magnification x40).

i i &
Fig. 5. Photomicrograph showing marked foreign body
reaction(PLGA-BA, 3 months after implantation). The
remnants of polymer with bone apatite are surrounded
with multiple giant cells(Hematoxyline & Eosin stain,
Original Magnification x100;.
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Table 1. Comparison of PLGA-BA-BMP and PLGA-BA using various histologic parameters

PLGA-BA-BMP , PLGA-BA ‘

2 weeks 1 month 3 months 2 weeks l1month 3 months

(n=3) (n=3) . (n=3) (n=3) (n=3) {n=3)
Bone Formation Index 2 3.5 3 1 1 0
Functional Bone Marrow 0 0.5 0.7 0 0 0
Cartilage Formation 0.5 0.5 0 0 0 0
Inflammatory Reaction 0 0 0 0 0 0
Foreign Body Reaction 1 2.5 1 2 3 2.3
Implant Resorption 1 2 1 2 2 1.7
Area of Fibrous Tissue 1.5 2 0.7 2 3 2.3

PLGA-BA-BMP: Poly(lactide-co-glycolide) disk with bone apatite and bone morphogenetic protein
PLGA-BA : Poly(lactide-co-glycolide) disk only with bone apatite

Regenerated bone quality and quantity

1. Bone formation index
“0" Bone formation not observed
“1” Small bone nodule or isolated bone particle
“?" Notable bone formation at either outer or inner side, extending up to 1/3 of the original defect length
“3" Notable bone formation at either outer or inner side, extending 1/3 to 2/3 of the original defect lengtn
4" Notable bone formation at either outer or inner side, extending 2/3 to total length of the original defect
‘5" Complete healing

2. Functional bone marrow
‘0" absent
1" observable
2" well developed

3. Cartilage formed
‘0" absent
1" focally present

Degree of Inflammation or Foreign Body Reaction
1. Inflammatory Reaction
‘0" absent
“1” mild
2" moderate
‘3" severe
2. Foreign Body Reaction
‘0" absent, foreign body giant cell(FGC) not detectable
“1" mild
2" moderate
‘3" severe
Implant resorption and Fibrous tissue area score
1. Implant resorption
‘0" maintain original form
“1" partially resorbed, but some area of it is intact
2" partially resorbed with penetration of fibrotic tissue through the implant
“3" advanced resorption
2. Fibrous tissue area score
‘0" very few
“1" slight
2" moderate
“3" abundant
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E] BhEolxl 34 AR S Az e, Sl &
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© A 2}, QM) G Fr A ge] wrstr]
e 9d8Ho] F49 PLGAS ¥ PLGAE vlwd}
A7 s A %, PLGAY A7 & bone
apatite Al AAF LR FHE v FHAEH] 52 &
A e A9 F481EM (synthetic = coralline
hydroxyapatite) o\t ©3]%%Z(DFDB, demineralized
freeze dried bone)& &HA17] PLGA YZHEE 133}
Be AR B0l Hejg AlrH AT

AAEo] vHE PLGA-BA Y& EE 334due 2
Foaisioy, JERE Yo 20T YA g1 Y5
g AL o] F YHo] JETE Ao dohihA] @3
ghdo] ggslo] YEYTh ojAoZ HHl YEYE Ax
A SN BFAE w) PN S Zo] o] Az
S ARdte A FHHEUY. 3T o] Ty
A 8% PLGA-BA® AAE 34 Axst v,
FYATY §lo] G50 FARELR ALE7]d & o
Ao & Aol Bkt 2AFdH o2 ¥e|vo F4E 3
NE A=l dH & Ak A= Fgs|o] AAsgon,
matrix 7% W& A% fibrovascular tissuet EZX3 L
Z A" ¥ A% 2% =Hdch SFddue) 44
PLGA-BA-BMP =@ EE PLGA-BAY W] 48 2F
AEE dF AT P43 A B 24 FEE UE
Yo, ddxde 34 =7t Hud @siRed o
o]} A|zte] BBtk EFA0] B ZEHA| e Ao
Hol AzlEe] A F=e FPATYL PLGA-BAY
gk olyiol] A9 fElEe AoE AZ4H A

FYAdo] FREAY B iEA & PLGA-BA
BRoA A% ¥he2 #EHA] oy, e AgA 2t
% (multinucleated giant cell response) < A A& 7]7te]
A FAHNY 5718 AL YDl i Y=
Ayl A P o] FiE o] gl F& ol vlE ot
AN ZNGo] i AL Ao FFHY Y, I
ol oko] o] FEE At FES AMBIA] Kol
1 Aol & BAIEH 2 vmE 4 glo| ollsiTt.
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PLGA-BA-BMP% 2594 A27te] & 7|7to)A o)
A A2 e 710% HEE AFAZ . b PLGA-
BA wjdAlE 0 - 30% vl9re EXf5& Jepdt 4%
BRoA 954 whe- TEEA gstor, YTHEE o
Huto] &%t} PLGA-BA-BMPZlA 2 FEE H|
2 o7t Ansigl ot %= 2Fo|M foreign body giant
cell o] Wo] Uepston, xewr} Fsda A48 Fo
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