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Hy:p-=V v h (B-TCP) X BEMIEM & L THIKIGH SN TWD
A, TN BEN T DMBEERICHFRZET 52 &0, BEMEBOBLRIZL DR
RpERAOME D 5. £ Z ThivbhixF bk ZISHL, 7/ 34
A LT B-TCP K+ 2 2T —F v AR I A L7z B-TCP F ki F il &= o
— U AX Yy T — NV REAIRLE., COAXY T+ — NV RKET v NEFFIZ
JER L7eFgE Tid, BEAEDRDIRBOOLN, FaT7—F AR VX0 BT
HROMMIZRI SN D Z e SN, £ CTARMSE TIX, B-TCP F ./ ki Fid
BAT =T AR Y T — b R A XRWEE~HE L CTH IR & 30 L 7.

BEEE 51k 0 B-TCP KL 1 (CR¥RIEE 2.3um) % F / KL Tk, = — Vg
MU DLZpHAIE LT, B-TCP DKGHIKEEZFER L. RICaT7—F AR
VU ESBIRICIRIE Lo th, TEiEi® L CB-TCP Ax ¥ 7 4+ — /L RZ/ERI L 7-.
F O RA DN BEIREEZBET DD, AX ¥ 74—V RNEBD SEM BIE AT
ST, A XEWEEBMERABRIIC— 2 VRO FEE —ATHREEEIC, ERET
L B-TCP F /R fBlE a7 —F v AFx Y 74— /L KN, fREECIZa T —F &
RN YO ATV, BRENRTy 7 AMEERZIC K D7, 5T 2, 5
W BT 2 MR R 217 - 72

MR CSEMBIZEICB W T a T —4 0 AR PEHEF HEIC 100nm F2E D B-TCP
T RFRRO O, ARCVAEITR A THEL Z RS TVIE.

Ptk T AR RBR O A IR, FEBRHEO T v 7 ARG E T REE & i L TG
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PEDTUERS RIICEED b, Mk FERIBIE T, 28O 2BREE CHliE NICEE
FEPOHERT O ETNLRBOLIL, AF Y 74+ —/L FRHIZEZREOMIE

RMEEZBLE L. —F, 2BMBEEOFH AT ITLT N ThH 7. 5O ERRE
TIHKEENIZERAEAFT Y 7+ =V NIERO T, FOMETHETLZRD
7o XPREEE 5 TITH AT OSBRI N, —E OREAR T I L N
AR RIF 27— AR TEHOD LN TWE. 2 BIZB T 58 AT R
X, EBREENSXREEC AN TR 3 B EEFREICKE L, MEMEFEL, E
BREENA B IS/NE o T2,

R B-TCPF VR F AT — 7 A% ¥ 7 4 — /b FIXB 72 A fnk,

WL PEZ 7R L, A Xl OB IRz et L7z,

F—0—F A A~T VTV, BRMEN, §HEERE, T B
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Mk T To3EHE, TROLMA - ERTF - AF v 74—V FiE, AMED
SESERMBEBFETH2EDICINETESHEEINTERE V. 20N T
HAX ¥ 74 —/b RIE, Mo EhE - b mEH4, VET Y v, jRRT
DRFRICHEFEICEETH D 29,

AXx 74—V ROLEOOMEIE LT, ¥ Vv, 7407V, BFF 0, =
TR EDORY=—RNHOLRTWS, 2N ThaTs—F 3B RKz#R
T ORI~ NV AT, AXy 74— /L RE LT ERuEMEICMT LT <,
PURMAZRELLE T T ra g = 20D 2 & TEWAERBRTME, Bif4s
RIRUL M R S, & DI O FE (e 2 2378 & D AR TE PR 1 2h 3 25w
HENTNDE 4O, F7m, a5 —F U ARV DREERBRT 5 2 & TR E
wmOREREZ R L 7Y, BELERISH SN TWS. L LKz F KHE
ALK T 2N RITRBITH Y, S HRLHIUERDNLEEND.

—J, BHBOBAEDOTDITEMEME LT VBNV T AR NS FrF
ST REA R (HA), REET REA b, "AFHT AR EDNAAL G T I 7 AR
JSHENTWS 91 Kz B-Z U Ui v A (B-TCP) XK iR R &
I, TR BAEMBOHBEN LT L - U EOFMRICEE T 5 M
WA A BZITRD ZEARBENTNDS D | L LAaens, B-TCP Btk

M OAERRIPUEE ITE <, MkICEBRIND ETICHEZET 5 Z &P MBER
-4-



ELTEFLNRTWVD Y. b MEFE~BR SV B-TCP MM 1350 A ~ ¥ 4F
BT L2 ERMESNTERY 19, ZLEDKE B-TCP 23 JEFH OB AFIZHY
EFNDHAREENRD L. FLINETONRALN A ET I T ZAEHWWHET, K
MEEO BB RIC KD R BRI OB RZ I Tl 718 KRz Pt i
72 LD GG D RAEBAL TIT BRI & T LR ER S L ETH D .

WAEDT ) EINO#ESICL > T, N A® T I 7 AMEOF kb L ik
DHEEIC R o T-. T /RIS 7 I 7 ki L0RIA LW 2 19 AFTE
YEWE OW g & ARIEEORENE Z 5 2 EAREIRL TS 202D 22 Th
nbiix, a7 =7 OEKRRINEEZB RO TICERREZ S HIZED DD
\Z, TR AL L= B-TCP 22T —F U ARV PICHALTEAXT Y 74—V R
PRI LT, TOAF ¥ 7 —b N2 W58 TIE, & 25/ o B e <
T v NEEFEBOMAMREZRT L L HIZ, B-TCP ZRLAE LA WVWa T —47 v AR
YU BT HRONICRINI D Z ERRE ST P wxiT, B-TCP F /4
FTEHAIT =T U AF Yy 74— )V RIXEBRABEIECE LA, A ~T VT LT
bHEEZOND. EZTARMIETIL, B-TCP F /L FBLA T —F U AFX ¥ 7

F =V R A R ICHAE U, BERAR 2 BEr Lz,

MEEEUVHZE

1. B-TCPF+/HFDHEH



B-TCP KL K¥yoR (FIKIEE 2.3um, B-25 =V iR B /LU A, B HEEE) z25
JEMA AT 7 VAR LS E (T ) ~ A —, T/~ AP —=)TF h+ (8
RifE 127nm, RI f-£R&EPH 20~500nm) (ke L, ZEAKHFIZa— @ MY U
2 (0.2wt%) % Al & U CHNNE Ay AL BE X1, B-TCP O /K 43 HiiR (Iwt%) % 1E %
L7z, ok, HHIROIERITERE#IET T1To 72,

2. B-TCPFH/HFEEAS—HTUVAXY I74+— )L FOER L ST

AT —HFUARY (TAX—I A, TV A TILE NAF~T U T,
SALFE 97%, Fig. 1A) % 6 x 6 x 3 mm (2% L T B-TCP iR IZIRIE L 7= 14,
T X ) =T 3 HHBEEESREEE L, WRSETH-TCP F /TR E=2T—7
YAX ¥ 74— REER LT (Fig. 1B).

F o EAEFHEMB (SEM, S-4000, HILBUERT) ZHWT, A¥ ¥ 74—/
NOEHE & Wi & DBLRE 21T - 1=

3. AXBEFREHRR

EERENY E LT — 27 VR (M, KE 9~10kg, 12 7 HHn) 10 8EAZ{FH L 7=.
PEERAALIE BB — R & L, FF20 8802 & L7z, RBARERIT, EIZX
FIENACEE KRB ERE B 2 0K OKRE S & 15-0039 %) 45T, Jb
M R EEBRICEAT 2B EICHE - TIT o 72,

WA Yy (0.dmlikg, R b—s, HALKTE) LAk 1>
7 /—/b (0.1ml/kg, X F)v7 7 —/)L, MeijiSeika 7 7 v ~) I K D &5 k&

TEXRT Y UEH 2R Y KA A (RS R h— Y v, T
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VI ) ISk AR Z R LT, EEE RTAEORE 21T, ER
BEICIZ B-TCP X Fx ¥ 74—/ K, RBEEICIZaT =4 v 2R D ahithimic i

f L7z (Fig.1C). HEFHE %, HAE 1, 3, 5 R ICHKEEBEARBOBE L = v

2B LS EOBEMBKTHIZ, X hLE X —LF F U 7 4 (0.5ml/kg,
VIR F, HNTRER) LR AT R Y2 (0.Aml/kg), EARET RV T 7
7 —b (0.1ml/kg) 12 X5 EHHEE FIC TLEIESE, 10% TV iR s L
< U UK CIBEREE 24TV, BIEMAL AL, A~ ) UREERESY 1@
AT > 72, I 10%FEEF F Y U AR T 8 MEMBIK L T/NT 7 4 v a i L,
WIEIZHENE S 6pm OFFEI 2 /FR L. 20~~~ bV v - 2y
VERABLIOYy Yy s U 7 r— ARAERITY, P BEMEE T TN B AR
FTHBLR T T,

S5\, BIEHIM 2 8 CITMEMRFREH AT o 7. MR B FHE T A AL
Ot PR OO T LA EZ R LT, mEMES Y 7 b (ImageJ 1.41, National
Institute of Health, USA) Z# M\ T, klimmEfE, HmNoFEFEEL L O
MM R AR A FH L, AR RRCE - MR ERE R L.

4. HREto

FEERRE - HHRBE O HE LR ERZ 2 KR, #atmotry 7 ~ (SPSS 11.0, H

AKIBM) #ZHWT, AE/AKH¥ES5%L LT Studentt BEx1T-7-.



1. SEMEE&ER

B-TCP F hi B AT —FV AFx v 74—/ NOBEZTIX, 100 nm f£E D
B-TCP F /KiFMNa T —F U ARy POMMEEmICRD bNT-. F i+ DR
WERIZR O b, AR PHAEEMITRFICE o THEL Z LR +2IZ
fMEFrSh, a7 =7 ARV ERFISEBHEENBIZ S (Fig. 2).

2. HEEOHRKHNBERER

WEED ERIET RTCOEMMTRIGFThoT. =y 7 AFEHEO LTI,
FEERRBECII R O R E WML 3 W% TN L Tz, RRREETIX 5 H% T
RO TLEN RO btz (Fig. 3).

3. HMBEFHEEHER

2 O EKBREETIX R ENICBEA B DER T D AEENE RO BN, [FRF
WZF % B-TCP F 7R FEA 27— v AFX vy 74— /L RO AR UREEN
HIZITZ < OB EZBE L. £, BETH5AF Y 7+ — L N7
o do. — 77, 238 Ok BRE T Ik ok & S B E 2 B EfRe T 28 AR E I T e
ThH O, PN o — IS RIEMERFHENRO bz (Fig. 4).

530 Pt i O FEBRBETIX, B-TCP T R FECA 2T — 7 U A% v 7 1+ — )L KX
WOLNT, EEm T O E TER TS Tnio, MRREETITR AT 2 3

EHHE L TEZEICHO DD, —EBOREAR TIT 8k i 03025 7 & Lk & 7%
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ffag—rrARryehdbiTnie (Fig. 5).

4. HAHFMEHARR

2 W8 Pt 8 O B AE B TR RCGRIZEBRE T 25.1217.9% CTH v, xR D 7.629.9%
LU CHRISHLU EE A EICEWETH o 7= (Fig. 6A) . £ /- LM R 731X,
FERRE T 59.1421.1%, XIHREE T 81.2+¢14.4% L, EBREENKTBEE L L CHE

IZ/NSVWETH - 7= (Fig. 6B).

ARHWFFETHWIZ B-TCP kL, miAlE LCTHERTH L a—nmmgr b
U oLz L. —#&IZ 200~300nm LL T ORLEED T /7 K- 1350 < S L TR
KOYMEEFETE WD, HMUROBAE LT LENS D B a— Vg
TR OLE, BT RmEEAO—FETH Y, B-TCP F / KL FIZf1%E L TH
CHfE L, KORMEBEADEZIET S EEETITRF 2 —IZ 08I EL 2 &R
TED. AWFEIZBNTY, KFPRFICHBINIZRETa T —F AR
VIHELTWDL D0 SEMICTHER S, T /R FORMENREFETEL LD L
Ezbhiz.

KWFZEIZ BT, B-TCP T/ R FE AT =7 AFX v 7 4 —/b a4
HEAT—HFUARUVIZHEEL T v 7 ABMO RGN TUE L, Mk

CEEFE DR T DM ER RS RBO LN, TORIIXREEON 3 FERL
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T lmb, AX ¥ 75—/ R?D B-TCP AT X » TR OB Ik & (e i

LieeBXONT. B-TCP LV S Iy O LA T ) U A T U LE
ket 2 WEn"H 0 1329, Ogawa b 2%, B-TCP 7/ KifE A =T —47
YAF ¥ 74—V R EICEFMRLRERE, BELLEIAH, T =T AR
Ve U CEFEMEOBEMAMEE SN EWE L TWD. Lo TABSE
DR HEEEANRBRICB W TYH, B-TCP F /K FIZ X » THFEMI D HFETE M %
RELIZZ EDRERICEPR > T—RLEELLND.

B-TCP R EDNA FE T I 7 RFEKRNTORMNEL 17182620 3. TCP A
FEWIMICERE T EIXBmAED Y A7 tb. L LAaRS, 4EOFER
TIL B-TCP F VRABA AT ¥ 7 4+ —/L FiX, a7 =7 AR VHE L g
LT2HBZBWTARICEMFENDRWIZ 0D, BIFIZAERRINI N &
Exohl. LER->T, AERRNEEZEZ2DTICa T =7 U AR VITEE
N RE G TEbD L Bbn s, — IS A MM RO % & 1389 2 M i

ICHRVVEEEZ RIX L, FRICRE 2 )/ B L AR EL, hRERER KL,
BRI EREREHMEEDZ ENbr> TS, Woo 5 201, ARkT / #
MEAX vy 73—V RBRMREE D T CTHHL 7 Tax s F il 78

DOREZRETHERELTND. 512 Wei b 2L, Rz 714 Xkl
7= HAIR Y ABEAERA X v 7+ — /L NiX, I 7 %A XD HAI R Y HLEEHE
BRAF Y T+ =V REHBRLTRURZ NI EZRT ERELTND.

L= TARAZEIZEWTY, F/ B-TCP OEEAIC L » TAEMRIEEZEET S
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FRRE T ORRERF 2N A X v 7 3 —/L FIZRFF S, dURREBERN 26
SENTZAREHENEB X bILD. Foi E6 8%, B-TCP F /Rl G=2T7—5 v

AX Y T — L RN AT—F LU RARVICHEE LT, w78 77— IO

=1

Wi, M FEmMao £ Z7e—22RBELLIEZRLTWVWS. AFxy 7
A=V R I B A RSB R O MR IS b £ O AFE D H i, fEHE O
RIS L o THBRTZ MR S v, W7 & NS B TE R & (2 8 L 72 7T RE I
N5,

AR THNTEAX Y 74— FiL, ARBEMEORWT T 22T =470 R
RO 5 NCEMEM & LTAS EDLITND B-TCPIZ L » THER IS
NRAFT<T VT ILTHD. AIRMATRICBWT, A%y 74— R AKZICH
WIZHRWRIEIZFR O o 7. o, WEMEMTIEIZETH 2 BiIckBWTAX
¥ 74—V RIEFRORIAE KOS IEEE T T, 5 3 TITIZIE I S AV RAEFT LIXIE &
IWERDONR Dol LERSTAX v 7 4+ —/b RO BAFRARBRMN R
ST, FERIZ, B-TCP F / RFBRG 27— v AF ¥y 7+ — )V N& T v FEHE
FIZHAE L7z Ibara b 2OF5ETH, BAFRAEERBAMMER RS TS, Ll
BHRE, AERN~OF KA ME OIS AN MaEEEZ R LcmE bERZ V. o
NETIZ, T/ A4 XfelLiondg Rax 7 X424 hoREGIZEID 7y NEIR
S ERCEREENSECTZZERHRESN O, F, RROY VY — AN
[ZFERMUET 7 Mt O BRMIZBE IR b= @®E b H D D, F k25T

BEOARBIESCEMN 2R 2O NTIE, SRS LICHRFTITRIHEETH
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A9, —FT, Ogawa & NI B-TCP F /K F AT —F L AF ¥ 74—V K
& BRAE S AR R G AR - (FGF-2) OOFHEBRZITV, A% v 7 4 —/L R FGF-2
EHoIclkET L2, MO BEARELZZEZRELTVD.
L7MRo>T, AF ¥ 74 —/L N& FGF-2 T HIZHhtFE 0BT L2 & 51T
HEFTDAREENRDY, FMICERKEYVET VIR EZLI2EBENTAAL AT

U7 LTHIAAREESEAbND.

A TIL B-TCP F /R PG T —F U AX ¥ 74— /L REAIR L TA X
WHREICHM L, BERIREZMRF L. TO/RE, Ax vy 74—V RIZBRF2
ARBTIYE - IR R L, FIEENEBE I, B, B-TCP /KL
FHEAT—TF U AXy 73—V RIX, A XEEEOBEREZMREST S Z LN

RE XN

E S
AKFREKZDITHTD, KFIROZITICTHIZ2HB0 £ LR KRFERE
Va2 — W HSCGERHEBER ISR EH B L LT ET.
AHFFEIL ISPS BHFE; 25463210, 26870016 OBk %% ) 7-. 72k, 27—/~

VARYY (TNAH—IR) IZAV R TAE N, FT U T KRS
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Abstract

Purpose: Beta-tricalcium phosphate (B-TCP) exhibits biocompatibility and

osteoconductivity and has been used clinically as a bone graft material. However,

conventional B-TCP degrades slowly, with residual material frequently inducing

aberrant healing. We therefore developed a collagen scaffold containing B-TCP

nanoparticles by applying nanoscale dispersing technology. When the nano-p-

TCP/collagen scaffold was implanted into rat cranial bone, its degradation and bone

augmentation were remarkable when compared with collagen sponge. Accordingly, we

evaluated the bone-forming effects of nano-B-TCP/collagen scaffold on extraction

sockets in dogs.

Methods: B-TCP powder (average particle size: 2.3 um) was pulverized into nanoscale

particles and dispersed into distilled water along with the surfactant sodium cholate (0.2

wt%). Collagen sponge was immersed in a dispersion (1 wt%) of f-TCP nanoparticles.

This was followed by rinsing and freeze-drying to yield the nano-B-TCP/collagen

scaffold. The surface of the scaffold was characterized by SEM. Subsequently, the

extraction socket of a maxillary first premolar was filled with nano-B-TCP/collagen

scaffold in the experimental group, while collagen sponge was applied to the socket in

the control group. Radiographic images of the socket were then obtained at baseline,

and at 1, 3 and 5 weeks after surgery. Histological observations were performed at 2 and

5 weeks.
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Results: SEM images showed nanosized (approx. 100 nm) B-TCP particles attached to
the fibers of collagen sponge. The interconnected spaces within the collagen sponge
were not filled with B-TCP particles. In the experimental group, the extraction socket
showed increased radiopacity when compared with the control group. Histological
observation at 2 weeks revealed that new bone was present in the socket in the
experimental group. In addition, ingrowth of cells and blood vessels was detected in the
nano-B-TCP/collagen scaffold. In contrast, only slight new bone growth was seen in the
control group. At 5 weeks in the experimental group, the scaffold had disappeared and
the extraction socket was fully filled with new bone. In the control group, although new
bone was detected, connective tissue and residual collagen sponge were also observed
in part of the extraction socket. Newly formed bone area in the experimental group
(25.1%) was significantly greater when compared with the control group (7.6%).
Residual material area in the experimental group (59.1%) was significantly less when
compared with the control group (81.2%).

Conclusion: Nano-B-TCP/collagen scaffold exhibited high biocompatibility and
degradability. New bone formation in tooth extraction sockets of dogs was facilitated

by implantation of nano-B-TCP/collagen scaffold.

Key words: biomaterial, bone graft material, bone tissue engineering, nano dispersion

technology
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Fig. 1
(A) Collagen sponge (B) Nano-B-TCP/collagen scaffold (C) After mandibular
first premolar was extracted, nano-p-TCP/collagen scaffold was implanted in the
socket. Scale bars indicate 5 mm.



Fig. 2
(A) SEM micrograph of collagen sponge. (B) SEM micrograph
of nano-B-TCP/collagen scaffold. B-TCP nanoparticles attached to
the surface of strut of collagen sponge. Scale bars indicate 10 pm.



Base line 1 wk 3 wks 5 wks
&

TCP

Col

Fig. 3 Radiographic images at baseline, and at 1, 3 and 5 weeks
post-surgery
(A), (B), (C), (D) Nano-B-TCP/collagen scaffold. (E), (F), (G),
(H) Collagen sponge. TCP and Col indicate nano-p-TCP/collagen
scaffold and collagen sponge, respectively.
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Fig. 4 Histological findings in extraction socket at 2 weeks
(A) Specimen receiving nano-B-TCP/collagen scaffold. New bone growth
was remarkable in the socket. (B) Higher magnification of framed area in panel
A. Cells and blood vessels were observed in the residual scaffold. (C) Specimen
receiving collagen sponge. Bone formation was slight. Scale bars indicate 1 mm
(A, C) and 500 um (B). Staining: hematoxylin and eosin.



LR LIPS 6 TR ")
Fig. 5 Histological findings in extraction socket at 5 week

(A) Specimen receiving nano-B-TCP/collagen scaffold. Tooth extraction socket was filled with new
bone at the central and marginal region. (B) Higher magnification of framed area in panel A. Residual
scaffold was rarely noted. (C) Specimen receiving collagen sponge. New bone was observed in the
socket. (D) Higher magnification of framed area in panel C. Residual collagen sponge was observed.
abbreviations: Col, collagen sponge; CT, connective tissue; Scale bars indicate 1 mm (A, C) and 500
um (B, D). Staining: hematoxylin and eosin (A, C) and Masson’s trichrome (B, D).
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Fig. 6

(A) Histomorphometric measurements of newly formed bone area (N=7, mean = SD).
(B) Histomorphometric measurements of residual material area (N=7, mean = SD). TCP
and Col indicate nano-B-TCP/collagen scaffold and collagen sponge, respectively.
Statistical differences in each group were analyzed using Student’s t-test, * : p<0.05.
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