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Abstract
The aim of this study was to investigate the effect of
beta-tricalcium phosphate (B-TCP) on vertical guided
bone regeneration (GBR) in rat calvaria. Forty
10-week old male Sprague-Dawley rats were used. In
the all animals, the calvaria were exposed, and 2
circular grooves (5.5 mm in diameter) were prepared
bilaterally. Two titanium caps were randomly
allocated from four groups: (1) B-TCP, (2) calcium
sulfates (CaSO4), (3) P-TCP+CaSO4, (4) gelatin
sponge (negative control) and placed on the parietal
bone. At 8 weeks after surgery, the animals were
euthanized and the skulls were removed to obtain
sections for histology, histomorphometry and
immunohistochemistry. The amount of the newly
generated tissue and newly formed bone within the
caps were microscopically observed and quantitated
using image analyzer. In addition, sclerostin
(SOST) positive cells were immunochemically stained.
In the B-TCP group, new bone formation in close
contact with the surface of B-TCP was observed and

the newly generated tissue consisted of mineralized

bone and marrow spaces. High magnification showed
osteoblast-like <cells and osteocytes, while few
osteoclasts. There was no additive effect of B-TCP

and CaSOy. Osteocytes into newly generated bone
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were strongly stained with anti-SOST antibody, while
osteocytes close to the interface between B-TCP and
newly generated bone were weakly or negatively
stained. The amount of newly generated tissue of the
B-TCP groups was significantly higher than that of
control groups. There was no additive effect of both
B-TCP and CaS0y4. This study indicates that B-TCP is
superior material compared with CaSO,4; to enhance
vertical bone augmentation.

Key words: vertical bone augmentation, rat calvaria,
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BE OLREARBEOFR TH o, MBEFEHITIITPB-TCP
RN oL TWDB EHEREINh, B-TCP HH O R %
R OMICHMEE L RFHICAEL D Ca’'t PO
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BHEThHhDH PO EFHMBEBORBIER SN L,

15



AKX O —HiE, E55BKEEAAERDKES F
fir K& (¥R 2448 94 238, o< EH) BIUoHg
55 B P REWFER(FEK 264 6 A 15 8 , 5 )
W THERL 2,

X M

1)Buser, D., Hoffmann, B., Bernard, J.P., Lussi, A.,
Mettler, D., Schenk, R.K.: Evaluation of filling
materials in membrane -protected bone defects. A
comparative histomorphometric study in the
mandible of miniature pigs. Clin. Oral Implants
Res. 9 ; 137-150 1998.

2)von Arx, T., Cochran, D.L., Hermann, J.S., Schenk,
R.K., Buser, D.: Lateral ridge augmentation using
different bone fillers and barrier membrane
application. A histologic and histomorphometric
pilot study in the canine mandible. Clin. Oral
Implants Res. 12 ; 260-269 2001.

ymM®EHR: vV XFEERICREBELEFT X VX v
Yy 7THNOBEHBAERCKEREIETBR-YV VBV Y T A0
B HERFEF 44 ;115-123 2001.

4)yMurai, M., Sato, S., Fukase, Y., Yamada, Y.,
Komiyama, K., Ito, K.: Effect of Different Sizes
B-TCP on Bone Augmetation within a Titanium Cap
in Rabbit Calvarium. Dent. Mater. J. 25 ; 87-96
2006.

16



5)Slotte, C., Lundgren, D.: Augmentation of
calvarial tissue using non-permeable silicone
domes and bovine bone mineral. An experimental
study in the rat. Clin. Oral Implants Res. 10 ;
468-476 1999.

6)Himmerle, C.H., Olah AJ, Schmid J, Fltuckiger L,
Gogolewski S, Winkler JR, Lang NP.: The
biological effect of natural bone mineral on bone
neoformation on the rabbit skull. Clin. Oral
Implants Res. 8 ; 198-207 1997.

NEK=E—: UV HVYPFTHEFRICRELLT Y X v
y 7N OB HEAEICKRE TR M EM (BIO-0SS") D &
£ B KWE¥ 73 ;480-487 1999.

YR M EH, EEELA, NHFEMM, FHBH H,

woE &, BEf -, /B KBEE, EEF—,
mL B, FEA—-—: UHYFEERICRELL
FEUVF Yy THRAEELAEY) VB I NV Y AE
A ho®RE HKXKHEH¥E 79;5-11 2005,

NAZE=, EHEEE, RBSEH, BAAXEHR, HMH
o, RRAEF, XBEBEZF, BEEH, ¥FFXK
A4 v 7 7 v bR EIWZB I B B-TCP (Tricalcium
phosphate)® A W - BB H E W O B K B KR § fii]
o 3 26 ; 37-41  2007.

10) F H % #h: B—tricalcium phosphate % fff A L %
EERHOBEK REBRBEH &£

1993.

up

s

14 ; 44-48

t

17



11) Thomas, M.V., Puleo, D.A.: Calcium sulfate:
Properties and clinical applications. J. Biomed.
Mater. Res. B. Appl. Biomater. 88 ; 597-610 20009.

12) Toloue, S.M., Chesnoiu-Matei, 1., Blanchard,
S.B.: A clinical and histomorphometric study of
calcium sulfate compared with freeze-dried bone
allograft for alveolar ridge preservation. J.
Periodontol. 83 ; 847-855 2012.

13) Tezzi, G., Fiera, E., Scarano, A., Pecora, G.,
Piattelli, A.: Histologic evaluation of a
provisional implant retrieved from man 7 months
after placement in a sinus augmented with calcium
sulphate: a case report. J. Oral Implantol. 33 ;
89-95 2007.

14) Kutkut A, Andreana S, Kim HL, Monaco E Jr.:
Extraction socket preservation graft before implant
placement with calcium sulfate hemihydrate and
platelet-rich plasma: a clinical and
histomorphometric study in humans. J. Periodontol.
83 ; 401-409 2012.

15) Sculean, A., Nikolidakis, D., Schwarz, F.:
Regeneration of periodontal tissues: combinations
of barrier membranes and grafting materials -
biological foundation and preclinical evidence: a

systematic review. J. Clin. Periodontol. 35 ;

106-116 2008.

18



16) Apaydin, E.S., Torabinejad, M.: The effect of
calcium sulfate on hard-tissue healing after
periradicular surgery. J. Endod. 30 ; 17-20
2004.

17) Nyan M, Sato D, Oda M, Machida T, Kobayashi H,
Nakamura T, Kasugai S.: Bone formation with the
combination of simvastatin and calcium sulfate in
critical-sized rat calvarial defect. J. Pharmacol.
Sci. 104 ; 384-386 2007.

18) Bonewald, L.F.: The amazing osteocyte. J.
Bone Miner. Res. 26; 229-238 2011.

19) Yamada, Y., Sato, S., Yagi, H., Ujiie, H., Ezawa,
S., Ito, K.: Correlation in the densities of
augmented and existing bone in guided bone
augmentation. Clin. Oral Implants Res. 23 ;
837-845 2012.

20) Winkler, D.G., Sutherland, M.K., Geoghegan,
J.C., Yu, C., Hayes, T., Skonier, J.E., Shpektor, D.,
Jonas, M., Kovacevich, B.R., Staehling-Hampton,
K., Appleby, M., Brunkow, M.E., Latham, J.A.:
Osteocyte control of bone formation via sclerostin,
a novel BMP antagonist. EMBO J. 22 ; 6267-6276

2003.
21) Li, X., Zhang, Y., Kang, H., Liu, W., Liu, P.,
Zhang, J., Harris, S.E., Wu, D.: Sclerostin binds to

LRP5/6 and antagonizes canonical Wnt signaling. J.

19



Biol. Chem. 280 ; 19883-19887 2005.
22) Galli, C., Passeri, G., Macaluso, G.M.:

Osteocytes and WNT: the mechanical control of
bone formation. J. Dent. Res. 89 ; 331-343 2010.

23) Bonewald, L.F, Johnson, M.L.: Osteocytes,
mechanosensing and Wnt signaling. Bone 42 ;
606-615 2008.

24y MR & BEHEBEARERE BRE L HEIF
29 ; 1169-1179 2001.

25) fRM—, BFE £, BHLOS, EN®Z,
BEBME, NHRET, FEEEZ, 8 B, 48

7= 5. BEBREE. EW -4 8 BERABSE (4%
£ ZE,.EHNH &2z, EH ) E M RK; 147-150
< Al T T K 2002.

26) Ekuni, D., Tomofuji, T., Sanbe, T., Irie, K.,
Azuma, T., Maruyama, T., Tamaki, N., Murakami, J.,
Kokeguchi, S., Yamamoto, T.: Periodontitis-
induced lipid peroxidation in rat descending aorta
is involved in the initiation of atherosclerosis. J.
Periodontal Res. 44 ; 434-442 2009.

27) Wada, T., Hara, K., Ozawa, H.: Ultrastructural
and histochemical study of beta-tricalcium
phosphate resorbing cells in periodontium of dogs.
J. Periodontal Res. 24 ; 391-401 1989.

28) Suba, Z., Takédcs, D., Gyulai-Gaal, S., Kovacs,

K.: Facilitation of beta-tricalcium phosphate-

20



induced alveolar bone regeneration by platelet-rich
plasma in beagle dogs: a histologic and histo-
morphometric study. Int. J. Oral Maxillofac.
Implants 19 ; 832-838 2004.

29) MNBEZR:®mMEB-TCP OB ¥ K E & &M%
B+ 2 ZBRBOBE. EEME 13 ;167-175 1995.

30) Fujita R, Yokoyama A, Kawasaki T, Kohgo T.
Bone augmentation osteogenesis using hydroxy-
apatite and beta-tricalcium phosphate blocks. J.
Oral Maxillofac. Surg. 61 ; 1045-1053 2003.

31) Takahashi, T., Bhawal, U.K., Mizukami, T.,
Watanabe, T., Takahashi, T., Abiko, Y.:
Stimulation of insulin-like growth factor receptor 1

expression and its phosphorylation in dog

mandibles by B-TCP. B R E A4 75 5 v & 25

9-16 2012.

21



X & O fiZ i
X 1 AERICERALEFZ V% v v 7
a F 4 UV F ¥ v TTOERHE s 2 5.5mm, W &
5.0mm THR /MKW EN 0.25mm b AERBRICHEH L &
FH Xy T ORHNE

X 2 F %05 F%Fx v 7TO0REFE
a REB L OB EOCIWHBEB X O B b # Wk o
# ® L c ¥ ¥ v I RE d FE®EE e L EH S

X 3 H-E $f 0 ¥ % FH # 8 %

a P-TCP B oOoFHAEMBATEMMBEB., HBEFT LICXx
Y v TR TEHEHFEEZED HAEMBRBPER S h
TWwW2, B-TCPHEREIPZHFL TEB YL, B-TCP E x F
W HEF 2R DL T2, BHMEABIRE O L7 (E
TR B/,

b CaSOs B OF AMBaTEN T, FAEE, T8
BIUOBRMEBAEBRIBE RSN (EBERFEH/),

c B-TCP + CaSO4 BE O % 4 M & H W G, W=
FERXx Yy vy 700> THEHFEZ £ 548 GH
R Eh T2, B-TCPEREIEBEHFELTHEY  B-TCP
BN BEABEHCHERFT >R D (KBEXMB), -, B
BB RES R (KfF=RE&)

d AR EALrHOFAMBIENG, BEEE L
¥ Y vy 7B > THEREBRLZME FEMHAB &L O
BRFEPEREAL TS, FFIHREER-ESHER T

™



WMlzEh TRy, BHRAEAIRSSR+2TH - (K

& xR H),

e ad|EERR
f bo&EFEEHB
g ¢/ ERR
h do@&EExRRB
NB; A&, BM; B #, CO; MHEMEREE MM,

BT ; p-TCP B %

X 4 H-E &0 XFHERMER

B-TCP # (a,b) B X OVB-TCP+ CaSO4+ 8 (c) T
X, B AF T 5 B-TCP 5H K 1 &% ¥ 12 & 5 & % 7 W 2 &
23t (RXHE),p-TCPEHNNABRICFHFER ZB D,
FABRIZCITIEMRMRE»EEL L (b,d; RE) (a~d;

NB; i &£%F, BM; B #H, CO; BMEEEALSMER,
BT ; B-TCP ¥ %I

M 5 TRAP $t & 0 % % H M & &

TRAP B HMBEIIBERFICEEL (X)), ¥ A&
KiRiEeAa BT Mot (a,b), i F A&
ZAMIC TRAPB MR 2B D (RHE) (¢c), (a, c;
FofE R B b B R K

B; & KHEF, NB; i £EF, BM; F #

6 SOST £5 & # i



4 L bIT SOSTHHMBEIPBEEINE, T 4£F
ToBRMBIZ, BEBRARNOZNLLRAZFKIZ SOST B
KIiE%m- L7 (a,b CaSO+H)(XH) (hfzxR1#),
HEBANFOBEFMBIZ, SOST A CH L BB MEK
e 2" L7z, (e,d B-TCPE)(XKE) (¢ F & = # .
d & & R14%&),

B; &K #, NB; £ %, BM; & #

X 7 4 DOEBRBEMOFAMEBLOE D 2EHE O K
% (ROI &)

B-TCPH I ANy BEALH (HKB) B L THE
FAEAMBELSI E O 2EENKRXKTH o, % p<0.05

™

X8 4 EBEMHOHNAEFTE/HNAEAMEMBE (%) Ol

B-TCP B T ARy B LB (R) KL THE
CHAEFTE/FAEMEABE(R) DKL o 2, % : p<0.05
FEEXE» oW, B-TCP+ CaSO04 8 & CaSO, &
b AR VELBHICERXTEVWE®R Z TR L &



0.25

2.75

025 || \1,55







% 3




%] 4










ROT{HE

O = N W b 01 O N 0 W

B-TCP

CaS04

\>\<

B-TCP+
CaS04

ARV
(% FR)



_Il
_ll
_I

= 0o O O
O I~ O o <H

&
(%) BB/ T

AR
(%} FR)

B-TCP+
CaS04

CaS04

B-TCP

N




