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EVALUATION OF THE INTERFACES BETWEEN IMPLANTS AND REGENERATED BONE USING BONE
MORPHOGENETIC PROTEIN AND DEMINERALIZED FREEZE-DRIED BONE.

Sang-Gyu Kang, Jong-Ho Lee, Myung-Jin Kim
Dept. of Oral and Maxillofacial Surgery, College of Dentistry, Seoul National University

Various methods and graft materials have been used to fill in the defect adjacent to the implants and considered as clinically accept-
able. But it is not clear whether the regenerated bone increases the implant-bone contact and supports the implant. The purpose of this
study is to evaluate regenerated bone surrounding implants using bone morphogenetic protein(BMP) and demineralized freeze-dried
bone(DFDB), and the interfaces between implants and regenerated bone.

bBMP was extracted and partially purified from the bovine bone matrix using heparine chromatography. Demineralized freeze-dried
bone was made from the dog. Inactive insoluble collagenous bone matrix(IBM) of dog was used as carrier of bBMP. Interfaces of tita-
nium coated epoxy resin implants were processed for demineralized section for transmission electron microscopy(TEM) and those of
screw type implants were for nondemineralized section for light and fluoromicroscopic examination.

Implants were inserted in the inferior border of mandible of adult dogs and artificial bony defects(3 x 3 x 4mm) were made at the
mesial and distal side of implants. Defects were filled with BMP(BMP group) and DFDB(DFDB group). For the fluoromicroscopic
examination, the fluorescent dyes(oxytetracycline, calcein green, alizarin red) were injected 2, 4, 6, 8, 12 weeks after implantation. The
experimental animals were sacrificed at the 6th and the 12th week and their mandible were extirpated and processed for examination

with light microscopy, fluoromicroscopy and TEM.

The obtained results were as follows :

1. By the light microscopic findings, the defects were filled with woven bone at the 6th week and compact bone at the 12th week,
and the osseointegrations were seen in both groups. There was no histological difference between them.

2. On the basis of the histomorphometric analysis, BMP group(6th week: 40.25%, 12th week: 56.04%) had higher bony contact ratio
than DFDB group(38.37%, 42.63%). There was significant difference between two groups at the 12th week(p<0.05).

3. The amount of bone formation in BMP group was more prominent than in DFDB group. Significant difference was noted among

two groups at the 6th and the 8th week(p<0.05).

4. By the transmission electron microscopic findings, 0.4-2um soft tissue layer was found in adjacent to the interfaces and over the col-
lagen fibrils of bone at the 6th week. However, about 100nm amorphous layer was noted at the interface or collagen fibrils directly
extended to the titanium surface at the 12th week. There was no significant difference between two groups.

5. These results suggest that BMP and DFDB can be used as good graft materials in the regeneration of bone adjacent to implant,

and BMP is more valuable as a bone inducer than DFDB.

Key words : implant-bone interface, bBMP, demineralized freeze-dried bone, titanium coated epoxy resin implant.
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)}
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F9 34t o]0 A 300mle] 50mM Tris-HCl, 6M urea&-21 © 2 7
A S AAAA WA Y AS Bk o] &9 NEM
012595 H71eh b 48X 7 B & FA X8 Bk HAH

Fig. 1. Photograph of epoxy resin implant replica and titanium coated
epoxy resin implant. The coating thickness is 1000-1500 A .
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55,000Da, bovine serum albumin: 66,000Da, ¥ phosphorylase B:
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5) ) &A 3} = 7] 4 9] Z4](inactivated bone matrix: IBM)
=
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Fig. 2. Photograph of SDS-Page shows bands of author' s partially
purified bBMP between 14.5 KDa and 29 KDa.
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l Hebg 9 A ZAH A JdSEHES 247 20 e
Ho| UAY JESHEE 2H7 DY w28t 945 &
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FX| £04(polychromic bone labeling)

=5 A|l71A] €] fluorochrome A AIS AR Svke] o] F&

S Z FY 39 o} Oxytetracycline(25mg/Kg, Terramycing &=+
Pflzer Co)2 &% 2%, 65, calcein green(20mg/Kg, Sigma Co.,
USA)S &3 45, 850 182 alizarin red (30mg/Kg, Junsei
chemical Co., Japan)+= &% 65-(65-1), 1257 (1251)l 2+ 25
FA8E S TH(Table 1).

Fig. 3. Photomicrograph of 6th week specimen implanted in the calf
muscle pouch for the bioassay of bBMP (H&E, X 100). Bone resoption
by osteoclast and bone formation lines are observed.

Fig. 4. Photomicrograph of 6th week specimen implanted in the calf
muscle pouch for the bioassay of DFDB (H&E, X 100). Bone
formation by osteoblast is observed at the border and interior of graft
material.
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Hﬂnm defect

dxd3xdmm

Fig. 5. Schematic drawing of implants, defects and grafted materials in the mandible of dog.
Titanium coated epoxy resin implant

Screw type implant

BMP-IBM(Inactivated Bone Matrix)

DFDB(Demineralized Freeze-Dried Bone)

o NO e

4 MBSE SN 9 ZNES HF
Table 1. Times sequence of the experiment and administration
_ _ of fluorescent labeling markers.

phA T 2 obl ) 3 F(6F+3%; 2012, 127 +39); 3 T :
2ol AR e Rompun, §ubol )7 A ehe)(Ketalar, G~ 0 2 4 6 6+3days 8 12 12+3days
g o2 v itk AN A S wet ApE ¥ & = 6th Week T C A Sacrifice
o] o)A AW 3} &) 7= S ukz) 5t 7 polyethylene tube S 4 2 12th Week T C T C A Sacrifice
Zsl ot Zhz+e] g Imle) heparine 2 A28k & Al ] 2 Fluorescent labeling markers
A42 BFA7) 3 2% paraformaldehyde-2.5% glutaraldehyde £ T : Oxytetracycline

C ; Calcein green

AOT SHFFARAN o 4H WAt TFHES 2 B5L
A Alizarin red S

AReth YERES AT TIE A9 272 A

Fig. 6. Titanium coated epoxy resin implants and screw type implants Fig. 7. Photograph of mesio-distally half sectioned specimen of
were inserted in the inferior border of mandible of adult dog and titanium coated epoxy resin implant. The regenerated bone is seen
artificial bony defects are filled with BMP-IBM and DFDB. indistinctly at the upper portion of implant.
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Fig. 8. Photograph of histomorphometric analysis using image analysis
software (Bummi Universe Co.). Osseointegrated portion is marked with
pink line and the figures are the measured values in 12th week
specimen of BMP group (H&E, X 100).

l

= e F oS AETHE AR S A2 A7) (Exakt
cuttlng grinding system, Germany)&- o] £-8lo] YA O 37 o]
st ATH(Fig. 7). Al HANTOR ERET} o]%

T2 FAds T 5x3x10mmo]sty A7 E tEo] AxEnA
2 A9 A 2L 93] 0.2M EDTA-25% glutaraldehyde-£-o4 o] A] &
52 A 2hakgioh

D333 3dn e 22 A%

Uad AESTE AHS 70% o gh&of 3U7F 13k, o e
29 =L 2 A=A 7H g43 5, MMA(methyl methacrylate) [
2 xujste] s AT g o] 48] FEF AxH AT

o] Exakt cutting grinding system©.2 A]# EZ& oF 100~150m
FAZ FOR Adsigint o] FA =l A3 E-2 Exakt micro-
grinding system®. 2 30um FA 7t FEE Avlsiich dAdE A
e 2 oheRd F FFATA 0= BA Y, A PEA
Ao 20w dalo] He AV O A2

2) FHAAAR A
N EA YA =g 7S 0.2M EDTA-2.5% glutaraldehyde =
oF 67197t &35t o]E 1% OsO.£(0.1M phosphate buffer
PH 74, 4C)0.2 2/ 7k Fot 37 A% U, AIGLILE &
s} prophylene oxideZ 2] #kgt ¥, epon(Poly/Bed 812 resin,
Polyscience, Inc., USA)S 2 Fuj3le] Z3IA| At o] & Zu]A|
HH4 7] (microtome 2050 supercut, Teichert-Jung, Germany)E o] &
ko] 15m 7 o] B H-S A8k 1% toluidine &0 = ¢
e T B B2 AR TS zu|A|uE 7S o] &3] 60~
80nm F7| ] ZubdH S wHEof uranyl acetate-lead citrate 2 0] =
Attt o] EHS T3 2E v 7 (TEM-1200 EX, JEOL,
lapan) © 2 71419 80KV o A A 23} A ZBE A a7
= #FYt

lm
>,
o

AN SHHEUE ¥ SSES NSO T2 EHY ¥ A0 th o7

el Palverss Cas, LTD

Fig. 9. Photograph of the analysis of the bone formation amount in
the fluoromicroscopic finding by image analysis software(Bummi
Universe Co.). The pink line is the 2th week fluorescent line and
figures are the area within the lines (Fluoromicroscopy, X 100).

5. A H S 24

WA FPF] S5 e Ape) Feten g 24¢
video camera(Plxera) 23 JAEAAZE o (Bummi

Universe Co.)oll AAs At WA AR LA o) 2 £4 3]
T Abeh RESE 2o Aol S4ste] MR g Tag
(Fig. 8). T-test= o] &3k FAA S k2™ p<0.05 ol A

A FAHEE HlaLsd

.SL

1239 BRS g3du] Ao A et T video camera(Pixera)
& B3 gAEA A E g of(Bummi Universe Co)oll #7433}
7}7}e] 8B (2%, 4%, 67, 8%, 12F)2 Ho = A4

o= g3 sPH(E RS AAIHA,; 06x06mnv)ol| A ztzke] 7] 71
of s st Aol e WaS B 93 g2 24 A7 =3
AFLE S o8 AR (S A A YETES] WA
< W U] Al dis) MRS 2 AAbek Gl ThFig. 9). Ttests
o] &stel FAANE AL p005 FEAN FAFH 9
AEE HLE AT

1) 65+

FAERS gFEe] F2 A I YSHEL] AW
Az 9 AMAGlel Zo] AF YZHE FEHAYE 24 S
HAth g9 AES w2 F(woven bone)o] S ol
AN dRAE ZIRZ A4S BATHFg. 10, 11). ZA
¥ (osteocyte) 5 et TA7Hlacuna)S A7 FAYES UL
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Fig. 10. 6th week of BMP group (H&E, X
40). Most of the defect is filled with the
woven bone. The osseointegration s
obtained.

Fig. 11. 6th week of BMP group (H&E, X
200). The osteoclast and bone remodelling
findings are rarely seen.

Fig. 13. 6th week of DFDB group (H&E,
100). The bone was detached from the
implant inadvertantly during processing
specimen. The harversian system is not
prominent.

7 =90 E}H%/\ﬁ (haversian system)o]

9rthFig. 12, 13). 24

Z& WA Y3trhFig. 14). DFDBZ BM
o] Ao)i= Holx 3k,

47}(bone marrow)2 F% S il

=N ARZAN PP 8§74 2 28 iZﬂ_a: li‘}il SEW
AN

[ B

Fig. 14. 6th week of BMP group (H&E,Xx
40). Congestion, vascular dilatation and
fiorous connective tissues are seen in the

bone marrow. There are numerous
osteocyte lacunae.
TG FElehA o Q) 125F
el =
of ZAERE

4 duwes

Fig. 12. 6th week of BMP group (H&E,x
100). The osteocyte lacunae are relatively
large and its density is high. The bone
marrow is narrow.

e A
(resting line, reversal ling)©]
H'o;] .TL7H pZS O]
7 AR H I Gl F9l
A oA AR

Fig. 15. 12th week of BMP group (H&E, X
40). Most of the defect is filled with the
compact bone. The osseointegration is well
obtained.
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Fig. 16. 12th week of DFDB group (H&E, Fig. 17. 12th week of DFDB group (H&E, Fig. 18. 12th week of DFDB group (H&E,
X 200). Numerous reversal lines are X 200). Bone resoption is in progress by X 100). A little grafted material remains and
prominent and osteoblast linings are seen. osteoclasts. Marrow space is filled with is surrounded by new bone.

fibrous connective tissues.

Fig. 19. 12th week of BMP group (H&E, X Fig. 20. 12th week of DFDB group (H&E, Fig. 21. 12th week of DFDB group (H&E,
100). The size of osteocyte lacuna is X 100). Harversian systems are seen near X40). The bone marrow spaces are wider
smaller than 6th week specimen and the the interface. than 6th week specimen.

number is less than 6th week.

THFig. 15~18). A 25 £3Het Z47e] A7) 657 Hl8) Abo] 8] 27l o] xfol= HolA] okt

Holgov Fazte = HolHrk A2 YW FL 657
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O AAS BAT I IR 9 T8 242 gloA

I OEE AT ARRACE QYA e A5 aHE A ZFT YZHE Aol AW FHEES ASH A=
AATHFig. 19~22). 670l A 9} w}zl71A] 2 DFDB+: 2+ BMP ¥ 29} 7t} 654 BMP-< 40.25%+18 (range: 20.02]~71.26)]
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i)

Fig. 22. 12th week of BMP group (H&E,x
100). The bone marrow has no congestion
or vascular dilatation, and most part of it is
filled with fibrous connective tissues.

Table 2. Profile of bone to implant contact ratio(%)

BMP DFDB
6th Week 40.25+18 38.37£14
12th Week 56.04+16 42.63£15

6th week: no statistical difference.
12th week: p<0.05

1o DFDB--2 3837%+14 (range: 24.12~58.49)% th. 1254
o] BMP#+2 56.04%+16 (range: 25.16~74.35)0] 122 DFDB#+<
42.63%+15 (range: 23.71~65.6) 2 =74 ¥ %l th. BMPZ°] DFDB+
o gl & ZHEES BAoH, FATH LR 67 fro
do] I R2F el A= 9] 8k 2ho] & B3 th(p<0.05).
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Fig. 23. 6th week of BMP group(x 100).
The woven bone formed before 2th week, is

Fig. 24. 6th week of DFDB group (X 100).
There is no discontinuity of fluorescent
labeled diffusely with oxytetracycline(dark lines.

yellow). Yellow fluorescent lines of 2th week

are seen near the interface.
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Graph 1. Comparison of bone formation amount according to
fluorescent labeling time in 12th week BMP, DFDB group.
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Fig. 25. 12th week of BMP group (X 100). The intervals of fluorescent
lines are relatively regular. The discontinuities of 2th, 4th, 6th week
fluorescent lines are seen.

Fig. 27. 6th week of DFDB group (toluidine blue, X200). The bone
contacts directly with titanium coating (preliminary demineralized
section for ultrathin specimen).
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Fig. 26. 12th week of DFDB group (x100). The woven bone which is
labeled diffusely with oxytetracycline, reduces remarkably.

Fig. 28. 6th week of DFDB group (Xx4000). There are exudate or soft
tissues between titanium coating and collagen fibrils.
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Fig. 29. 12th week of DFDB group (X 12000). There is about 100nm
proteoglycan layer adjacent to titanium coating(arrow head). Collagen
fibrils are arranged irregularly, and canaliculi of bone(vacant arrow
head) and mineral particles(M) are seen.

Fig. 31. 12th week of DFDB group (X 10000). Osteocyte is seen near
the titanium interface. Irregularly arranged collagen fibrils extend to the
titanium coating.

3} (mineral particle) 5] #2= 9t (Fig. 27, 28).

2) 125+

EJEFE 3 23 914 5he] oF 100nmE7A o] FAAZ=0] By o}
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A4l 1A o} Lamina limitans-like layer= 2748 4= ¢191 3 &3
Aoz mdE YA, FAE, T A canalicul)), A 3] 3}
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DORNE & mAA A fAEAL, I

THIA A drebR T F L 7be] g3o %%}1 ﬁﬂﬁ} 2%
#(mineral particle)o] Th VeSO, A ZAJFH I CZRE &
24 Eebg v who] td A Eol 23] TAH AAL #2y

91 tH(Fig. 29~ 32).
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Fig. 30. 12th week of BMP group (X 10000). Collagen fibrils extend to
titanium coating without intervening layer.

Fig. 32. 12th week of BMP group (X4000). Separated titanium
coating is seen in the multinucleated giant cell.
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