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Abstract : Bone morphogenetic. protein (BMP) induces differentiation of mesen-
chymal-type cells into cartilage and bone in a number of species. Therefore, BMP has been
investigated as an osteoinductive factor for preparation of a bone substitute.

This preliminary report presents bone augmentation using repeated injection of atelocol-
lagen (AC) solution with BMP in mice and rats.

The crude BMP and bone type I atelocollagen were prepared from fresh bovine bones.
Intramuscular injection of the AC solution with crude BMP resulted in reproducible bone
induction after 2 weeks. BMP activity depended on the concentration of the AC solution
as a carrier, and the 0.75 % AC solution with BMP induced the highest BMP activity.
Repeated injection of the AC solution with BMP did not incite a significant decrease of
BMP activity which suggested an immunological response inhibiting osteoinduction. The
3-consecutive-day subperiosteal injection over the rat cranium elicited significantly higher
and wider deposits of bone formation than the 3-consecutive-week one after 8 weeks.
Moreover, in the 3-consecutive-day injection, each injected implant unified as a mass. On
the other hand, in the 3-consecutive-week injection, each induced bone deposit was individu-
ally encapsulated by fibrous connective tissues without unification.

The repeated injection method of the AC solution with BMP resulted in extensive bone
induction easily and reproducibly, in the consecutive-day injection. The results obtained
suggest a possibility of clinical applications of the repeated injection method of the AC
solution with BMP not only for bone augmentation but also for all osseous reconstructions,
considering the interval, frequency, and location of injection.
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>v + BMP # &35 L bAEEE e Y, BRIGHIC
BT ELE BRI TR T2, Lal, V) =
vEFr v+ BMP X W5 Ehi- BMP o5, &
FHECELTEY, ZRTHES LTV EFHEOM
B E R ELMERRINTWB L) TH B, %
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M rBRELCE, BESERCHEREL, v v -LgR
B2 TR 1 mmd RIREL 7o, Xz, 10 mM 7 A1k
F Y Y AT ETHIREEVIEL, Z2rrfkiL A .
2% 7 —=n1Q DREKER, 4D CBiiER, 0.6 N
WEER(4TC, T2BED TR Lic. Zo, BiA + KTt
DG L, FERRLCLSOXFRKEEE & L.

2. BMP 4 ol 3 X 0%

HRBUREFB 25, Urist HODOHERIEL T, 6 FE
(BEEMDO AMERRY 7 =2 vAKBKRELF, Gu- HCL
ERET)UT, 24 D ICCHEa s -y vk s v s B
#H L7, 7c3s, Protease inhibitor & LT, 10mM N
-ethylmaleimide % ¥R L 7c. SRR NO 1, ¥
WA SHBD I CIB L 78, OS5 HE40,000X g,
4C, 15 ) Lic. L% BH 5 = — 7 (SPECTRA/POR
1 MW cutoff 6,000—8,000, SPECTORUM MEDICAL
HED &AW, 7HEEGRI OB & vk L T
Wi Lictg, 305 8E0,000Xg, 4C, 30 5T
ZEURL, Bif 4K THER BEZRLLLOE,
0.5 MGu « HCI "gs#EE 5 CGHAES BMP : crude BMP)
L7

. EIRT T ras—rvokH(Fig 2)

SRR BB D 4 M Gu-HCl HiHEHE L b, AR9S
DHBEL e T vEEERRWC, 451877
a2 — 5 O, BREYT o FRREEED 4 M
Gu-HCIHiHEE g L Tlgo =7 (1!
10,000, 7 74 7 A7) &L 0.1 M EEBEN %, <7
¥ VAT, 48 FERED L, TR L 78, 3305 #E (40,000
Xg, 2EEED®FT -, Kz, EiE%® 20 mM V vEEKE
=7 bV v A(Na,HPOD X L TEN & 1T\, kit %
LA HE40,000X g, 30 SN TEIN LA, &k 0.1M
HERRIC CHEBML, #HO5HEA0,000Xg, 2 KDL&
%, EEw R RRICEN, Tl BREREY 2 B
DEL, B 0.5 M B Ic CULIRY R ML, BiA A+
VIKIZTENTUT, 48 R L1cth, BRER L b 0%
HEIM7Tras—rvELi.

4. BMP e

(OL(4=2:0 0

0mMEBCAKRCTER LG EFIHT7Tra T
— 7 VR 0.5%W/ VI %7 ¥ & 4mg o KRB
BMP #EAL, 6O L KD ddY = v 2 DB
BRPAEE0.2ml A LY. 72ds, avbr—n LT
FWREOLEMmMMET VT 3 vORESKEE . HEA2ME
BIZBERL, 7AHh V) 7+ R E—XEiEH, Cagh, XK
BEHEE I OESEENTRCTEERELXBEN L. Th
ZROBRIIUTOFELfTote. TAH ) 75 R 7
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Tris HEREEWK - KEAK=10:10:1:25: 4 DEIHT
B&L, 31CTI5 54 vFa— L. Rig, 1N
KEbF + V¥ AR TRGEEL SR, p-=tr
7 = 7 —NVOEREY 420 nm KT 5 EHE i THIE
Uiz 7a¥, BHE 1mg % 15 HHMEE L KIEL T 1 uM
Dp-=te7=z) A EERTIBEREY 1 BN
(unit) & L, & v 227 BE¥, Bradbord B2 CHIEL
7o

Ca g, #AECFAALLEESY 6 NERICT
16 BEREBEIR L, BOSEE O B X 0 K TRES R

' A

B (R PERTAEED & F W CHIE L e,

QBB FIRR

10 %R =) vCEEL, 75 v 27 Y 7 m RE
R THUR Licth, B> Tdum D5 7 4 ¥
FERIEBL, ~<bFo )y« = o vl
H DTl - 7. »

@ X

X $EH 13, KX0-15 ECTOSHIBA MEDICAL #:#4)
FHWT, BEE60KV, 0.02 B THEFLE.

5. 4K BMPRINGB IR 75 v 5 — 7 VRO
P ds L O A KB
OBFHEECHTET7TFra s — 7 VIREOBRE O
oI
BMP #EARLE L TCHAVBEDO 7T ras -y VEE
BOBHEELRDBHIZ, 0.5%, 0.75%, 1.0%

Crash bovine cortical bone

l

Defat in chloroform / methanol (1:1), 25 °C, 4h

l

Demineralized in 0.6N HCI, 4 °C, 72h

!
Lyophilize (demineralized bone matrix)

i

Extract in 4M Gu-HCI containing
10mM N-ethylmaleimide, 4 °C, 48h

{ 1
Residue Supernatant
N

Dialyze against 7 volumes of water, 4 °C

and centrifugeJ

{

Supernatant

l
Precipitate
!
Lyophilize

(crude BMP : 0.5M Gu-HCl-insoluble fraction)

Fig. 1. Flow diagram of the procedure for separation ot the crude

BMP.
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1.5%W/V)D75eas5—5 vEsKe 4mg OMREE
BMP #EA& L, ddY =~ 7 2 OEHHEAICE 0.2 ml &
AL, 2:8Ho BMP GEHBERT- .

QRS BMP RIAE 1B 77w =25 -y VRO
REEAC X 5 EHFERE~OFE (Fig. 3) !
REFEABOBEFEOHKETT 5 1cd, ddY <V A0
EEBERNC0.75%W/V)7Fras—rviElKE 4
mg OHRES BMP #EA L, 1BHRETREL - AL
1 0.2ml % 3EEA L. ThZhOEARL X » CTHE
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Shi-EBA 2 EA% 2 BECHEL, BHFEELE(L
FHCRR L. i, 3 AMESE TR LI
AR\, 17T BEETXCHE L, BFERLYAEN
TR L.

QB BMPRMEE IR T T a5 -y VBERD
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BEABI L B EERF~OGAEYBRELT, 1HE
BA L REEABROBEHED LB X{T 5 7o, Wistar 7
y VEEEBET0.75%W/ V)7 T7ra 7 -1 VE

Bovine guanidine / HCI- extracted bone matrix residue

l
Digest with 1% pepsin / 0.1M acetic acid, 4°C, 48h
!

Filtrate thrlough a glass filter
Centrifuge, 40,000 X g, 4 C, 2h

Supe%natant

Résidue

Dialyée against 0.02M Na:HPO. , 4 C, 48h
Cent%ifuge, 10,000 X g, l4°C, 2h, 30min

Precipitate

Supernatant

Redislsolve in 0.1M acetic acid, 4 °C
Centrifuge, 40,000 X g, 4 C, 2h

)
Supernatant

oo
Precipitate

!
Dialyze against 0.02M Na:HPO., 4 °C, 48h
)

Centrifuge, 10,000 X g, 4 °C, 2h, 30min

.
Precipitate

l
Supernatant

Redissolve and precipitate twice in the same way

Preci[%itate

Redislsolve in 0.5M acetic acid, 4 °C

)
Dialyze against deionized water, 4 °C, 48h
Lyophilize (Bovine bone atelocollagen)

Fig. 2. Flow diagram of the procedure for preparation of the bovine

bone atelocollagen.
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K& 4mg OMHFEE BMP 2EAL, 1EEA, 1:8RRE
T3EF /L3 HEESE T 3 EOEART, FhFh
BROEALD 2, 4, 8BHIC X TR X oMk
AT R CEFECB T 5B 21T - ek, 1ED
BEAE0.2ml & L.

¥, TREThOBEABCI hHFEIhiEAGORK
KERE L OHEEE L 8T 5 EEOMEE & ik L
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1. BMP EZ Ol X OB HEE

BERE 1kg OMPBFEEOREE X b 199 g OBk
AR BB B bR, ThEy 4 M Gu-HCl ThH
L, THREDOBA A v K TENTAZ LItk 5T, 270
mg @ 0.5 M Gu « HCl RE#:EI 5 GRS BMP) 535 5
iz, ZOES4mgx0.5B5%W/VDEET75Fra3
—FVERCBEL, ddY = v A 0EMBHRACEAL
fek A, 21 HHOBKEANBIESIBE S h-(Fig.
4, 5). Fi, TAAV 7+ A7 7 R —EEYE, CadgE
ELABERKEEEBE L ) bErot. LiL,0.5M
Gu * HCl ReatEE S LSt 0.5 M Gu » HCL AT#%sH#: « 7K
EHEES 3 L OUKAIE RS 2 A LRz, BMP
EMEERD b s -7z (Table 1).

2. EBFEECKNTI7Tra T — K VBEROBEDE
=

25— VYEROARTHNE 2 %(W/V)E Claiis
TBETH - 7o hs, kS BMP L B4 LicREB T, ¥

(a) 1w 2W

" A

CiDBEBID, 25— 7 VEREEY1.5%%TL
Liz. LaL, 0.5 %TiX, FIEIME S AR X b iR
hBETL B ERDH T

27— rVERBENELL TS, TROEFEIR
Rdbh, HBHYEE X2 —F VEBED LR
mTas, 25 —rvEBENLBLULETR-BET L
AV 7 A7 7 XA —EERRIOCagEN0.75%T
v — 71t - 7 (Fig. 6).

3. BMPHI4E IR 75 » 25— vEBEKRORERE
AR L 3 BFEE~DEE
0.75%77ma5—5VYEK0.2ml % 1 @HHEAL,
1:BMERET 3 EEAR, H5\IE3 BEREAR, Fh
EhREDOTEALD 2 BRB oMY OBER, 71r0
Y7 x A7 7 & —EiEM, Ca 8BOfEY 1 EEAEDR
LHIELTY, 1BRERT3EEAS L O3 BEREA
BT ThbThLhOREHOBER, 745V 7+ R
778 —¥, CaBGRBEEERETRIRD Ao T
(Table 2, 3).

4. BMP#HINFE 187 7 = 25 — 7 vERORELE
AR X % BB B % E
@0.75 %% 1 EHEAL

0.75 BB 1 EEABK 2 BB I, 7y FEER R
IR TR X R ERME OB TRD b h i (Fig.
D). EBEWETR T, HER R, BRohLEI
T7T7TRaz—rVYREETHDD, SBETIEE
LEIZEBE#REhODOH D, b skEAEIESNE
% bt (Fig. 8).

3w 4W (weeks)
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3rd
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1st f

2nd f

3rd f

1 :injection

A: harvesting

Fig. 3. Schedule of BMP activity bioassay after repeated injection

with atelocollagen solution.

(a) 3-consecutive-week injection
(b) 3-consecutive-day injection
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4BEBTE, XBEOZ2EERENRT, EEEED
b AR i R R D TLE L TR D B e (Fig. 9). ik
FHFR TR, BEIRCBE—TEEE L —BMLL,
LR E CEEEM A S Lo B L o CERI R,
7T Rrag =y VOREIIRD L) 2 (Fig. 10.

@ 18R X 5 3ED 0.75 BBEWRREEAL

1B T 3 EOEALRIT, BEOEAND 2HE
T, EEFECZhZhOEAR L - CHE I3
SO FIEEIRD bR (Fig. 1D, MBI Ric ks
T, 1EB(4EE), 2EEGEBDIEALLSD

Fig. 4. Roentogenogram of a day-21 implant of
the crude BMP (4 mg) with 0.75% bovine
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T, BERASETET S EEEIER SR, 3EEC(2E
EDBEAED b DT, IEEE» S EES BRI
SBBLIRBED LRI d DD, FhENITEEMEEES
M Eh TR Y, =Bt o T ind - o (Fig.
12).

@ 3 BAEHE 0.75 BB ALL

3 HEREAZIT, 2BBT, BEEFLe—8e

L7525 b h(Fig. 13), WENE X 3
W TED B0, MRS X BEARERME ZR L (Fig.
10). MBFHIFR T, ARICT 77 2 7 =7 VA

o #

Fig. 5. Photomicrograph of a day-21 implant of
0.75% AC solution with the crude BMP by

bone atelocollagen solution (0.2ml) by injection.
injection. Endochondral ossification develops.
(H-E, X100)
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Fig. 6. Influence of varying concentration of bone atelocollagen solu-
tion on bone tissue yielding activity of BMP 14 days after

injection.

(Values are shown as mean+SEM)
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Fig. 7. Roentogenogram of a day-14 implant of Fig. 9. Roentogenogram of a day-28 implant of
single subperiosteal injection. single subperiosteal injection.
The mass increases in radiopacity.

Fig. 10. Photomicrographs of a day-28 implant of

Fig. 8. Photomicrographs of a day-14 implant of single subperiosteal injection.
single subperiosteal injection. a: Cartilage has converted into bone tis-
a : Cartilage is induced, which is converting sue containing bone marrow. Atelocol-
into bone tissue at the periphery of the lagen has been replaced by bone tissue.
inplant. Atelocollagen has not been resor- (H-E, x2)
bed in the central portion of the implant b: Higher magnification of the upper.
yet. (H-E, X2) (H-E, x100)

b : Higher magnification of the upper.
(H-E, x100)
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Table 1. BMP activity of day-14 implants of DBM*! and various fractions injected
with 0.75% atelocollagen solution.

Incidence of Alkaline phosphatase Calcium content
bone formation  unit/mg of protein ug/mg of tissue
Mouse DBM*? 6/6 4.104+0.25 37.25+3.48
Bovine DBM*? 0/6 0.61+0.02 2.15£0.07
4M Gu * HCl-soluble**
0.5M Gu « HCl-insoluble 6/6 4.954+0.31 48.46+2.04
0.5M Gu  HCl-soluble 0/6 ND*3 ND
water-insoluble
water-soluble 0/6 ND ND

Values are shown as mean®SEM
*1 DBM =demineralized bone matrix
*2  Implantation of 10 mg of lyophilized mouse DBM
*3  Implantation of 10 mg of lyophilized bovine DBM
*4 Injection of 4 mg of each fraction

*  ND=not detected

Table 2. BMP activity in implants of 3-consecutive-week injection two
weeks after the injection.

wet weight (me) Alkaline phosphatase Calcium content

¢ g g unit/mg of protein ng/mg of tissue
Ist 21.73x0.84 5.21+0.22 41.78+2.85
2nd 26.55+1.26 4.44+0.31 41.42+1.74
3rd 20.29+0.66 4.23%0.23 35.68+1.55
SI* 21.73%0.84 4.95+0.31 48.46+2.04

S1* : single injection Values are shown as mean®+SEM

Fig. 11. Photographs of a day-28 implant of 3-consecutive-week subperiosteal injection.
The induced mass has three eminences.
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Fig. 12. Photomicrographs of a day-28 implant of 3-consecutive-week subperiosteal injection.
a: Each induced bone deposite is encapsulated by the fibrous connective tissues
without unification. (H-E, X2)

b: (2 weeks after injection) Cartilage is converting into bone tissue. (H-E, X100)
c: (4 weeks after injection) Trabecular bone is formed and intra-trabecular spaces
are filled with bone marrow. (H-E, X100)

d: (3 weeks after injection) Caltilage has been replaced by bone tissue which contains
bone marrow. (H-E, X100)

Fig. 13. Photographs of a day-17 implant of 3-consecutive-day subperiosteal injection.
Fach injected implant seems to unify as a mass, which is larger than that of
3-consecutive-week injection.
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Fig. 14. Roentgenogram of a day-17 implant of Fig. 16. Roentgenogram of a day-31 implant of
3-consecutive-day subperiosteal injection. 3-consecutive-day subperiosteal injection.

7

:

Fig. 15. Photomicrographs of a day-17 implant of 3-consecutive-day
subperiosteal injection.
a : Carilage is induced, which is converting into bone tissue at
the periphery of the implant . Atelocollagen has not been
resorbed in the central portion of the implant yet. (H-E, X2)
b : Higher magnification of the upper. (H-E, X100)
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PR ET S o %
Fig. 17. Photomicrographs of a day-31 implant of 3-consecutive-day subper-
iosteal injection.
a: Large bone deposite develops. However, cartilage and atelocol-
lagen still remain in the central portion of the implant. (H-E, X2)
b : Higher magnification of the upper. (H-E, X100)

LT3, SOERCREEEE» b EEBcBR SR
Do P BB D bh(Fig. 15). 4BHEEIRX
B, 28A & HET 5 &N OREEEIZPRTT
#LT\5 b oo Fig. 16), BMEFHFTR TR, TKHh
ODEE7Feas - YHABEL, ToRETRRER
BAEEBRCERI ATV BT RARED b h ik (Fig.
1D, Zhix, —EHEAEY 1 BMEEALEERD, #
DM TOFFEIBEL T30 LEbhs.

8 H T, FEEF LXK IREEME L TTE
L, BIEH—ABEBBIIED bR 5 X 51Tt i (Fig.
Fig. 18. Roentgenogram of a day-59 implant of 18). ﬁﬁ?ﬂwﬁﬁ_f 2, 48R L) WHA~ORERILE

3-consecutive-day subperiosteal injection, 7L, MEABRERD bR ooteh, EREFLERI
The induced mass becomes radiopaque Fruras—FVREBETLIEND, AETOERE
mostly. BTV b 0 & Bbh s (Fig. 19).
OFEALRI X D FE I W BRBOTRELIE
BICHL T3 BEREART - BE, 1HEL
D 2.2, LEBHMRIEEAKI1IIHORIEHS
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Fig. 19. Photomicrographs of a day-59 implant of 3-consecutive-day
subperiosteal injection,
a: Cartilage has converted into bone tissue which contains
bone marrow. However, atelocollagen still remains in the
central portion of the implant. (H-E, X2)
b : Higher magnification of the upper. (H-E, X100)

Table 3. BMP activity in implants of 3-consecutive-day injection two weeks
after the 3rd injection.

et weight (mg) Alkaline phosphatase Calcium content

wet weig s unit/mg of protein ng/mg of tissue
1st 18.63+0.91 4.09+0.23 47.57+2.95
2nd 26.83%0.82 4.83+£0.21 44 .50+1.54
3rd 17.00+0.75 5.114+0.20 60.02+1.45
SI* 21.73+0.84 4.95+0.31 48.461+2.04

SlI* : single injection Values are shown as mean+SEM

Table 4. Size of the induced bone after various types of injection.

type of injection maximum height (mm) basal area (mm?)
single 3.25+0.69 49.01+3.40
3-consecutive-day 8.00+0.50 139.24+6.73
3-consecutive-week 4.25+0.19 63.54+17.93

Values are shown as mean+SEM

(699)
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1. BMP iz 2ouwT

‘EBRF (Bone Morphogenetic Protein : BMP) 1%,
RERKBECEBERYE O &b, ZoFEEIIED
BED 2 VA7 BHBEE LTS EF 2, 1965 4 Urist?
X BMP &30 bnt. LaL, BMP oRf&s
RETH oI LR END, TOERIRVETHTD
otz 1980 FITER2 BN, AMEBZ 7= v a2 Hwv
T, I v+ ORFREIEH S BMP B HHH L TLIsk
BMP D¥E8LicBI+ 2 R A D, BMP 0#ED
R T e, 1988 21 Wozney® B 13Kk iE 7 »
<= b 574 -k o TER L5 T5E 30,000 DEFH
BRFNS 420X Y) T F PGl BEFI/r—=
VIZRBEE L. ThbELIRLTUELRI Y 2 v ETF
v+ BMP 3 EFEEELXHE L, BMP-1, 2Q A), 3, 4
B) & SFbhte. b Celeste 51 X - T 1990 4
= BMP-5, 6, 7@, 1992 4= BMP-8 OE G T 108X
R, Vaverv s BMP AR IR, ThbDdb
BMP-1 Lgtix, BEL & v 2 BiofFET S IO
YATAVEED S L TEIR UMBICERFIRTEDY,
TGF-BA——77 3 ) —HEEhTW5BE. Zhb
o BMP @ 5% BMP-2, 3, 4, 7(Osteogenic protein-
1:0P-Ditin vivo @B \WCHE « BREMSYFEL,
BMP-1 3 EXHFET S5 L IhTED, ¥ix BMP-2
B FEFEELE <, in vivo 1K1 5 BEHEER YA
ThTWwb. UL, ) 2vEFy  BMP-2 H 5\ 38
Bt S 7 BMP X b o E S i BMP 0 03 F56
ERRICENL TV LW OIRENRL V. Zhid, BHE
(ZEIW BMP D& ie b FEBOMOBEER & v 7 BN
BHECREELTWALLLEZEZLRTWA. LiehisT,
AKEBRTIE, BMPHRINT 77 25 — % VEKROEAR
ISR LR i B &R OBIR A ER TH B DT,
SUA Ty PEBWIHBIMCEN CEBERYET
5EINTWBEEFHEROMEBE BMP w5 Lic
L.

2. BMP DGR X 5 BFHERDE
RERTHFFHMEBEE BMPHRIN7 T ra s -5
VR~V ADHHRPICEA LB a1, FEEO
BRUWEBELAD bR Lrl, 4B HEEES BMP

[

WINERAMEZ~ v 2 OHRPNICEA L HE I,
BMP o B ik# &Ik 52 B T7 T ra s -4 Vi
HALTCLEFEOFBHKEIR KVLERTWA. &
DFERERE LT, Bl & UTRALRE SR, Fi
BRI X 350 e 810 X o TP BMP 4% (En-
dogenous BMP-ase)®® % T BHEEAE 2 v~ 7
(Osteogenesis Inhibitory Protein : OIP) 053 4, &
N5 L, FRRECIoTHBME7+ A7 72 —€RE
PEEALSh, RO pH MET T2 2 L ed b, BHH
CEERTAH) 7+ A7 7 8 —CEENIEI SRS
LRBFHNBD. LiddoT, BMP ERBREERL T
7, BMP DJGREELTH, ¥5FvH T EL9H D
WIEEEREERE YAV AR E R TE
ABEIDY, AEBROI S TTras—r vERERYHA
WEABOT D, ThboERFIEEIhIL, &

D THETERAMORVHETHS L3k, T#HE

THRETELFIELRDS. FERIMTTeas—y
VIR ERCI-HANEALL TS BMP ESEREE S L
TOBEARC O TOHRENHR I B33, Ll
235, TEAHED BMP ORISH I BT, Fire 3k
BN EBRELERATNEOBRERENBRCTES
TREM R R L7cD 1}, UBEEOWAOBELRITH
57,

BMP o Biii# x5 1E3 % B TR WA77ra 7
— P VEROBEC L 5BFE~OHELTRD &,
HHEEL=7 -7 vREO LR GENT 525, 7
NH)7+R77 R8—EEHE, CagENMETLTWS S
b, 27— VREN PRI ihE, 27
— 7 v ORI EN BMP OBRBEIRMBA L, BHE
BRI DI WEFBzbh. Lch-T, AKX
0.75%77ras—rvERErAWRE RbEBICE
FENELNIDT, UTRBRDAERTIIZ ORE
AL 1.

RIKIGAICER L <, 1 EIOEADR T H % E
FTHZENRARARRL LD, REFAOLEMIBETE
B, RERIZOEBESRMEY R Lk oHE
TH5.

3. BMP no#E

BMP o B fifi# D7D, RiFREFEIELIR
DT, BMP 2B FI 3 5 121X delivery system & L
To#EGE(carrie) NEBEBELIE->TW5&F1bh
%. 4% TIZ B-tricalcium phosphate'®, %FLE 1 ¥
BFTTREA N2 GUBFB AL FaFor T84
BIOFEFIMT7 T e =5 -5 v polylactic acid
(PLA) polymer'®, A7 4 7Y v b= —» v




BERRTHIMT 7037 —5 VIEEREEAEIC L S

BRI B3 % SRR

MEROin C R A U CHEAMAER X h, HASERY
Tlebhicd, EAKBEL TR 7 I ra s -7 vES0
HERAWLRTWRhoe. 7Fr 25— 7 v HtD
HETEAELLTCHWSZ LD TESLDIX, A74 7
VVTHBHH, BMTHY, i, HIVRLHBV kED
BROGEHRELHBHE, 7FraF—7 v D EERIX
PR, BTFLEANTEEWEE2LbRS. L
Teio T, BfE= g - v OXELHRRETMNLTHS
25— 5 VST OMMRICALE T 5 telopeptide %~ 7+
VISbIR X VBRELIT T R 27— ViR, BYRIEN
Z&AERL, BB BN T, Bz DDS oL
e, Yook & EE LB st g o
BEDRI-LTWB EE L LR S, —ftic, BMP 3KE
AEIC X » CEFELERT 5 & vwbh, $TREHR
TE, ThABCBERIA TV EELbhTER. L
ML, SHEA A FrFo 751 1025 -7
VIRMEBE O T 2%, ERETRA R, EEEER (direct
bone formation) 2352 b b & & 25, BMP iz X 54
MRSt oBE S MBERE L L CoRXRBREKEL TV E
IhTwa,

4, BMPRINGE 1B 7 7 v a5 — 7 vBRORKIEE
AR X 5 EFEOHE

Urist 53913, B HROMHREHE L 7- BMP ZROH
BEXBECIBHRCTRKEREA LA, 1EBEDF
BRI B THokDERLT, 2EHEBIIX62%TH-
TeEHEL TV, Thit, 2% BMP Bt X ) iEH
BMP ik EEA I h, REERERIGIE L 5 EHFED
BHE & Bhedb & STV 5. & i, IMiEHT BMP Hi/44i
BAEBEEIER I 3EO EREED TS, LL,
AT 1BERB 3 BORBEEART o ficd 2 he
bo¥, BREEROFRLETERD bhiis .
TR, MY BMP Hifkffio LH i d pavb b7, i
% BMP OER BB ERENRERIE L ) B TH -
Teted B rbhs, LhLadib, BRGHCELT
3, BEINEED B\ IXEED BMP Tix/el, e b
Yavierv i BMP R ERAWLIhEEELZLRBD
T, HIEECR L CERT A LERRWEELIOIS.
Lichio T, HEE BMP oREFACTHBHFER L
Bl oteZ ElE, Y 2vEF Y F BMP DR
BEAEOCERIGH 2 EE LicERFReRb b, HBR
BMP # AW CHRIENRIREH 2 bR B, —F, #HikE
LCBAWRRET 7 r 27— VIZB L CAHEMROH
EnBH B, L L, FEEHRO I BT Fras -4
VBT OREM 7 & OB RO RO A EAT
HLELY, ThboBRCEREBIh TS, L
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s, DeLustro B33 4.4 BIORBEBEAZRTT - T
BIh b b, #1 %0 BECEAL OB IGE
WRE DR TH Tt BELTWS. Licdis T,
BMP ok LCI# 7y ras—rviHvbo
1%, BERACOMEREE2BbRS. LL, K
MR, AT, LirdEgELCIf 7T ez
7 — 7 VIt A WE BT AW ER T E I,
BERRCX VERERBTHAS.

5. BMPIRIN7 ¥ v a5 —7r VRO REEAL L %
FERMA~OIA

REEAZT > COEBRENE DRI b, Bl
ChE S FMOLEM LBENE, BMP L7 Fra 5 —
v L ORABWORBEEALE I X %I M fa &
iEDF 5, X BN EBRCAFEREO—D Tk i
tEZLRS.

1EMRCREEA LRSI, —RoBHEKREE
B, FRERDOEAR X - THE X B I3 iEs
REABRCHEER TR D, EELEROTERMO X
S TIHRIETE D b2 BEALADISH T %1%, B DW
Byt o\ CORBEIIE B, EERERO L 5 i
HI AT D 237 B T2\ AL 0D B 1 BT 12 3 HLIB R 23 B e 7
IETREEE 2 bhD. T, BEINBEFOHWREER
T5E, SHEREAKLEELLES, BXX0dE
EENEETHEMMRORBLY ELTHL TV 5 LE
zZbihb.

3 HESEA LS E Y, —HoBRGETRT 5
Sk, HEEATD b B AL b R
%, LEMBOREEAZLEETSE, KEXbd
BEELELTHEEEMCELTNBX5THS. L
nL, b OBEI(EEET HEHRSTETIED
BH, BEHENEENSEL B, 3 HEREARKS
EHTh, PLo—EWSTIES B, BHFEIRDLR
P, 7iFra7—rf VBRI TR T, 20
ZEE, YV EEELRELTAHRARIBETAL TR
Edh, RE»LOBEFEDS FRRICT 20 BREHM
% BMP &7 5r=as—7r VERCESL, BAT
BRI THRTHIDEE LN, SEOMER
FEELTIE . ke, TOEELWEREETLE
FEPWRCT 501, BMPHRM7Fras—¥v
B OREEAECHFEEBBFEEGTRE) AL
TR ST o TITE L.

kX b, HEIOFEECENERTEHE
BELNE BMPHM7 T v 27— VEROREEA
TV S BERICE S REIAWERRITH D,
BRIGH O R S RETH LD THS. sk,
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BEFIFNFECCEEINS ) 2V EF Y + BMP
DERIEHATE s8Iy, ABIEARR, EARE,
BEAMALEER TS LT, BERTOR T EEE
EOTRCEIGHATRETH S b, AFETELR
TRERIFECERTHD EE LS.

&

1. FRKEHEE» LR L 4 M Gu -« HCl 7T -
0.5 M Gu-HCI REMES I THBR TIZH 52, BED
WTh B~y ADHRNTEEKE & RO FHELE
BH LT

2.HEE BMPRINFE IR 7T r 25— VERD
BABELBWT, 0.75 %7 7 v a5 — 7 VIEROMHEEN
BHRECRBETH- 1.

3HKEE BMPRINGB IR 7S ra 5 - VRO
REFEAZ LBERC3E, 55\ i%3 BEFEAZT
STl b b b, BFEERORFELETIXED K
Do fo.

4. MR BMP R LB 7 5 e 25—y VEKRY
1EMERTT » F OEEBEFBR TCREEALLSE
i, —HOBESE RS, ThThoBEARLL T
FEINIBINEEREASCEEA TR, EELLE
BOBERMD L 5 HENAT O 23h 5 EAL~ DG
i, BOFEMIC OV CORBERE T, HE LR
D X 5 T IR E T D b D B 7o\ FRAL OB B BT 12 13
ISTEETH B EE 2 BB,

5. MERL BMPiRNEE IR 75 e a5 — ¥ vVERKY
Sy FOEEBEE T3 FEGEA LLBA L, &
A BBEETHHRLO—FHT T va T~y v IRE
THR, —HE LT OFRI(ER)EET BB
MARETH Y, B XD bHI2LEL THEERMN
BLTWBERbhA.

6. MR BMPRINGE IR 7T e 25— VKD
FREEAE TR, BE >BEECELCEREHE
AESh, EAMR, EAREK EABMLEERETSC
LT, BERMOLR L O TEHREO T CERIEA
NHRETH B EBRBE S hie.

AP OREDO—ERE, 1993 48 10 A% 38 [@ H A 1 i
NEEL RS GTE), 1994 4 4 A The 3rd World Con-
gress for Oral Implantology (Yokohama)iZ s\~ TH
I hic. BABRO—IIL, CRERFEP B
& (BREEF5 03771550 35 X O 05671681)#BIIC X » 7.

B

MER2DCDLH, KHROBEEE 2, KPFFED
BITICHIAO & vt T b QTR E L BB %55 - 7o B

' OX

ERECESRCLALEEHRL £ ¥z -
TREUABEREEEH EEB D T ARBESHE
KREEHEBBCRHT L £ 7. S THEREAZE
FelEE E LIBERILM L ) b ESE SHEE Y
TR SRR B B IC BR K RSB L £ 7
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