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- Abstract —

The experimental study of the bone regeneration
on B-TCP in Rabbit Cranial Bone

Sung—-Hoon Lee, Ji-Young Han#**,
Kyung-Gyun Hwang, Sung—-Sam Paik®, Kwang-Sup Shim

Division of Oral & Maxillofacial Surgery,
Department Of Dentistry, Department of Pathology*
College Of Medicine Hanyang University,
Department Of Dentistry, Andong General Hospital*+*

Pure-phase beta-tricalcium phosphate(B-TCP) proved to be a bone regeneration

material, providing the patient with vital bone at the defect site in a reasonable

time, making a second surgical procedure for bone harvesting unnecessary. This

study compares bone healing and BMP 2/4 expression in cranial defects in rabbits

grafted with autogenous bone and B-TCP.

Thirty New Zealand White rabbits was divided into 3 group of 10 animals each.

Bilateral calvarial defects were made in the parietal bones of each animal. B-TCP

placed in one defect and the other defects was filled with autogenous bone. The

animal were sacrificed at 4, 8 and 12 weeks. Immunohistochemical analysis was

used to investigate the expression of BMP 2/4.

1. The new bone formation around autogenous bone from 4 weeks and B-TCP from
8 weeks.

2. In autogenous bone graft, BMP 2/4 expression was decreased from 4 to 12
weeks

3. In B-TCP graft, BMP 4 expression was increased from 8 to 12 weeks. But,
BMP 2 was observed from 12 weeks.

This study showed that bone healing, regeneration and, BMP 2/4 expression are

delayed in grafted B-TCP than autogenous bone.

Key words : rabbit, cranial bone, 3—-TCP, BMP 2/4, immunohistochemical analysis
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A FERE Y A5t A" AT o 3.0 kg (155) We]e] NEW ZEALAND 7}

A2 A B (ketamine® HCL-G32F3)) 1cc9t xylazine(Rumpun®, &=ufoldl) 1ccs &%
FAE rHHE FEsSlth VHE FARE AMRea HWEdo® A5 e T A
g5 EAHo7 1 : 109 Jdydlgde] shF3H 2% HEAUNE 5 FYdd FAME T

2]
ool ANdE o FAEe] s =EAA

218 Al tHFig. 1,2). F9e 4-0 catgutlo 2 I)F = 3-0 silkz 2&gsith, 4 &

2]
3t 29744 G S BH o ZEtuto] Al (Gentamycin®, E3FOFE) 2 ccE 58}

7z g AR 5 4, 8, 12F t4e=m 7tz 10vke] 8 Aske], nAHLS 4%
paraformaldehyde® A|33&}al, &3] 0.1M QAkgkEgN o7 3087F FA418e] 0.1M ¢l
AgE=g o] 3 AA71 10% EDTAZ 4°ColA 109z7F =389 th. Hematoxyline &

Eosin®o. & gMsta 3J3t dAnjAd o=z AAs )

4 BA=A S B2

dexzAstet dAla Setol= A#HS fldke] streptavidin-biotin¥ S o] &3t WA
WA S xyleneo® @uebdsta Zb @Ae] 4EFE A FFAATY. SRHTFE 33 AFH
3 & AAAZE 0.01 M sodium citrate buffer(pH6.0)-& o XA Efo 4] microwave =
5% 23] A stsith WA peroxidased &S AAA717] Y8t 3% ik A
gaoz 1087 A3 F =F9 phosphate buffer solution(PBS)E A& 35+

M
DAKO LSABKit(DAKO®. California, U.S.A)¢ blocking AJ°Fo.® 20%3F &



(incubation) | A WS04 IgG Agte A&t il g2l A z42F BMP 2/49] 44}
FAZ 1Mo} Hd § PBSE 33 AlFEHIth BMP 4o g dA A==
polyclonal goat anti-BMP 2/4 antibodies (SantaCruz®, California, U.S.A.)S Z}z} 50:1
2 A5t AFESIAATE ©] ¥ biotino] XA oA R 1583 F&d & PBSE 33
A2 &9t Peroxidase’} A streptavidin® ® 1587F Y -&A]7]12 PBSE

k. 24 A9 DAB (3,3-diaminobenzidine) 2 5%-7F WA & FHFE FE

3] A& &P L Meyer's hematoxyline©. & thF M3 & permount® 2% 5+ Tl
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(1) 45 @ o]A & FHRE =] Ao AFHY, A= FHRE ZoAx} &4
sty Afoldl el M Ee] FAlo] AL, o]AF FHORZ 4o S Jhx
21 A3 (phagoceyte) 59 @4 o] A= ATHFig. 3).
(2) 8F @ o]AE FHE A= Ao wo] HAHM, A= F9]
dAstd AfrotAlEet RluAEe] SA o] BEHJH. ofHE2 Yy TR &Y

Mod Qo A A E(phagocyte) 52 S #zE A LI THFig. 4).

tt
o\
.
B
o

(3) 125 : o4& FHA= B2 AAZ Aol dEH, oY= 8] A== =
eppto] Sl Aol dEHAY. shAw, AT F9lo 2IAEES] A HolA &L, A

AHoge= AXZ] AR TE FEAge] dojt Ao #aFAHFig. 5).

2) B-TCP o|4 T

(1) 475 : o]2¥ B-TCPFHoR e thf9] S 711l A A E(phagocyte) 59 &
dol #EEHI, ol FHoR A AfrobAlEet dauAEe] F2lo] #EEII
FWHAR-9] B-TCPoll&= AAF] WAL AAHA FAh(Fig. 6).

(2) 8F @ o]A¥ B-TCPFH o= A=l Aol dovm AAze] FAR ZxA|
Eo gAstE AfolAxEel dRIAEe] F2lo] REEATE T dE sh AR
(phagocyte) 59 84S B-TCPFWH oz &% AH(Fig. 7).

(3) 125 : o)A B-TCPFHo= At A= o] #EH o], o] B-TCP

e

S A Ee] MR A" Aol #EHAY. B-TCPFR O (Hito] v
%l phagocyteZ} #& AT A5 B-TCP= F5H 2 A7|= ##Ea, 4l

Az FHomes Y ZoAEet o] B2 AAxA S50l ¥ JAFig. 8).

% 30709 EEoH BMP 2/49 B4E pAS] theu 2o BAPYES wBAs,
BMP 2/49] WA 2 AAEF Fo ZIALAN BAANT, Aoz s Ao
L

A 2 5= A H A (Table 1,2).
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2) B-TCP o|&&

(1) 45

(2) 85 :

(3) 125 :

B-TCP FWx} A frolAxo]xe] BMP 2/49] A& A2 A &ktH(Fig.
15,16).
B-TCPFHe ZIZAM XAl BMP 49 &ido] FT7ksh= 3o A,
Afrotd oAl &4 459 EYE F7HE HoFA XalvhFig. 17).
BMP 2 ZZAEe} AlfrobAl oAl W&ol woketqith(Fig. 18).
B-TCPFWe] ZZA|Eoe] BMP 49 &Aool ml$- F7kst= A
HoAaL, Afol el e &AL 456 vE WHE FIHE HAFH X
39 tHFig. 19). BMP 2% ZZ A XA &rdo] kgt S7shs S 1ol
t}(Fig. 20).
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- i, SR Zes Axe BHEE FEHe F4E Hol|

A, B2AZ el dojdtta BaatgdtH Y. Wiltfangse B-TCPE o]2d & gt

5-671Y o] Fel QlFA|e} o] dof grtar Wikl gty Wiltfang® a 9 B-TCP9 &

Foll = Hlszetar, 1654 = 70%, 40%E

A, 68-86F = & o 10%0lst2 A ®rta Bustal, FHok: 5-67149 o] Fojut

A9 stojof dtpa FAsta Y. B AT E 4FdAE olA® B-TCPe F4ut

T FPAL PAHA Far, v S 7H phagocyteE< E3o] #FHULE 8

FU 1252 455 Z2FAEEY B4 PG A FAo] TIEE AoE HolA
/;}

d B-TCPo =@ =719 &9, 34 F5E AzeiA 8-1257 ol 4 HH
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+ Szabo & 12-187Hdel ¢kd3s] F5 i SF-gH o2y V[sHoR =2 tAldr
g’ BCP(HA+ B-TCP)9] 49-= BCP(25/75)7} pured B-TCP Rr} F47b wharha
st} o] &= gk g4ekA Faljol ok TEAlEe] Eido] Z/EAIY HSY Fa% %
S 3ttu 2 H 1 tl Merten 52 Goettinggen miniature pigsel] ©]2¥ B-TCP¢
ZHAA B Z7]9=  hydrolytic-cellular degradation®] F£= oy, THby] 205+
o] Ao A1 = bifunctional remordeling®] oyl 543t}

=AEHEY] FFe 27)de oA =, 384 Adddd wel B2 Zfo]7p HolA #
th Ca-P A=A Falle Edddorms Ao A7), 71+ A7), F94, 249 A
1Y FZo wEl ke wa 3kskd o 2= pHY Ca/P ratio, sinteringA] 9] 483 4%
o] Fxo wit W G vEvn I F AA) A= A4 =t B

ootk B8 Fuladdel gaEEs AHoz A4 Avld ASHE Ao ofF A
¥ A7) W falwel NgeAl B AL AW F A5H0l o3 ozrel 3

Carbonate®} PO, ¢ A&Eulo] oJaja] zto]7t Wl Luse Add <&t rabbitollA 24
F Fo] 55%A%] degradation®] ¥ojuti HAE 5%% F5¥vx &9u'? TCP:
HARTH 2bdol A 12,3 @A7]el A 22.30] whe] F4dvha B 5 glrh o]ej sk &0l
9SS v XE= g3l == Ca/P ratioo]|™, TCPY Ca/P ratiox= 1.67°]3, HA®] Ca/P ratio
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Table 1. Immunohistochemical study on BMP-2 expression

Autogenous bone graft

B-TCP graft

4 weeks 8weeks 12weeks

4 weeks 8weeks 12 weeks

Sample 1  Osteoblast ++ ++ - _ _ _
Fibroblast - - - - - _
Sample 2  Osteoblast ++ ++ + - +++ -
Fibroblast - - - _ _ _
Sample 3 Osteoblast ++ + + - _ _
Fibroblast - - - - - _
Sample 4 Osteoblast ++ - - _ _ _
Fibroblast - - - - - _
Sample 5 Osteoblast ++ ++ + - _ +
Fibroblast - - - - - _
Sample 6 Osteoblast ++ - + _ _ .
Fibroblast - - - - - _
Sample 7 Osteoblast + ++ + - _ "
Fibroblast - - - - . _
Sample 8 Osteoblast + + - - _ +
Fibroblast - - - - - _
Sample 9 Osteoblast - ++ - - + "
Fibroblast - - - - . _
Sample 10 Osteoblast — +++ - + - - 4
Fibroblast - - - - - _
Positive was graded on a scale, with — representing no staining, + weak staining, ++ moderate

staining, and + + + strong staining.
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Table 2. Immunohistochemical study on BMP-4 expression

Autogenous bone graft B-TCP graft
weeks 8weeks 12weeks 4 weeks O8weeks 12 weeks
Sample 1  Osteoblast +++ +++ + + ++ ++ 4
Fibroblast + ++ - . _
Sample 2 Osteoblast ++ +++ +++ - N I
Fibroblast + + + + - +
Sample 3  Osteoblast +++ ++ ++ - + +
Fibroblast + + - + - -
Sample 4  Osteoblast + 4+ + . + 4 y
Fibroblast ++ + + - + +
Sample 5 Osteoblast + +++ + - + +
Fibroblast + + + - + _
Sample 6 Osteoblast +++ + + + .
Fibroblast - - - + T4 +
Sample 7 Osteoblast ++ +++ + - ++ +44
Fibroblast + + - - + +
Sample 8 Osteoblast + ++ + - - ++
Fibroblast - - - . _
Sample 9 Osteoblast +++ ++ + - + .
Fibroblast ++ + - + . ++
Sample 10 Osteoblast — +++ + + - + 4+
Fibroblast - - - . _
Positive was graded on a scale, with — representing no staining, + weak staining, ++ moderate

staining, and + + + strong staining.
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Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
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4 weeks (x200).

Microscopic exam.
Microscopic exam.
Microscopic exam.
Microscopic exam.
Microscopic exam.
Microscopic exam.

ARARE AT

Two calvarial defect was filled with autogenous(right) bone and B-TCP(left).
B-TCP(tricalcium phosphate).

show the autogenous bone graft. 4week (x200, H&E).
show the autogenous bone graft. 8week (x200, H&E).
show the autogenous bone graft. 12week (x200, H&E).
show the B-TCP graft. 4week (x200, H&E).
show the B-TCP graft. 8week (x200, H&E).
show the B-TCP graft. 12week (x200, H&E).
9. Immunohistochemical exam. of BMP-4 show the autogenous

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Immunohistochemical
4 weeks (x200).
Immunohistochemical
8 weeks (x200).
Immunohistochemical
8 weeks (x200).
Immunohistochemical
12weeks (x200).
Immunohistochemical
12weeks (x200).
Immunohistochemical
(x200).
Immunohistochemical
(x200).
Immunohistochemical
(x200).
Immunohistochemical
(x200).
Immunohistochemical
(x200).
Immunohistochemical

(x200).

exam.

exam.

exam.

exam.

exam.

exam.

exam.

exam.

exam.

exam.

exam.

of BMP-2

of BMP-4

of BMP-2

of BMP-4

of BMP-2

of BMP-4

of BMP-2

of BMP-4

of BMP-2

show

show

show

show

show

show

show

show

show

the

the

the

the

the

the

the

the

the

autogenous

autogenous

autogenous

autogenous

autogenous

bone graft.

bone graft.

bone graft.

bone graft.

bone graft.

bone graft.

B-TCP graft. 4weeks

B-TCP graft. 4weeks

B-TCP graft. 8weeks

B-TCP graft. 8weeks

of BMP-4 show the PB-TCP graft. 12weeks

of BMP-2 show the PB-TCP graft. 12weeks
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