H A B 9 AT 70 B S A EREMIC R R BREE
EEEEEEREA, I R—Ya B 7aerS5A &y Ty AF—L (ACT-MS)
HETMOHREE

NG

I EXREH
WREBIRsIRE4 ©  (BAEE) HLRRTEAE B OO LR S W e o A1)

(3%  FEB) Fabrication of self-setting barrier membrane

TFZE BE %8 EMEIR - 2017 4£ 10 H 10 H~20194-3 H 31 H

WFEBARINEE K4 - (AARRE) AR

(#  EE) Kunio Ishikawa

WHFEPHsE IR PTEARRE - B - Bk
(BARE) ESLRFBENUNKRT: R 205l Bi%

(3%  FB) Kyushu University, Faculty of Dental Science, Professor

IT HFouBAs OME
T -

B FAEFHEE (GBR : Guided Bone Regeneration) [ZFFAEELICHWGND FIEO—D2TH D, EAMIZIE, F
RABTRZR AT (barrier membrane) % 3% {95 2 &IZ L > T, BRI/ O/ B R O HfE DR A Z B
BT 2%, 20 &I K-> THAMBRHSROMILD 2 2 KIBEBIZEEE - IS &, BRI L > TR BAES
5, B RBER IR 2B 1d, R 2vE KEBEICRA L, BXREHE G THESND Z
SlElevn, LanL, MR 23R iE T 5 2 LI K - T, ek i R OMIa T E - HE TE 202, B
HEIT A THESND,

BEEREIA IR TH B AEFIETH 208, BEAEFTEIHO SN TW LMWL T 7 v o
27— R ) a = VBILEA RO R TH Y . SIRGCTEREROE KIEEEE & K LE CREICE
$HT 5 2 LB ARATRETod 5, B RIBERIA 2 B ICEH TE RWIEEITE, B RBEISH G IEE MR
ALT, BIIEEINRY, £z, ZRITETHH 2D PRI N IREN TH Y | HFERE AT RE & £ T 722
WGEIITE R TAEINR P70 0 MMRIZHEE LR L R UL MERICHE LB RmAE S 32, 2
D=, B RBEIEMEM 2 L 720, Eooa 7T 0 b THIBEREOTZRE A HERF L= 0 5 FH b AT
HITW LD, MILERE O RERFHIL T L b+ Tt S 61, B REHREIZ AT RAECHIE &
T DB B DA, BUEDMILEEWT IR I E TERRE DS 72U,

AMFFEBRFE I, MR B TERRE & H D2 AT B L, S HICHE EEIR I D Z LA BTV D KR
TREA NEMEM EHAEDE D 2 ST o T, BUEDOHIERIEORERZ — I L LS T80T
&5,



BRTE O i el BT AR B 5 b B i R i AR

ZRTBET=ZRTERIBAZE -BEREEE (AN ISE-TH
WET S0 IR ZHEIE &, hD. REBICERIBHEZHE
- MRRRE T IR - B RS AR AN LY, B RAEE R I HHRENIE,

HREE BT AR

H A LR AT DR & L Ci, BIEREE G- OBLEN D U VIR =V T AB KL ORI T RXZ A R &
L7z,

[V m=Tr sy bR B O e HE i ]

BHLY Vg =H N7 . (BTCP : Cag(POs)) IXEEKEEELHT DY
BRIV ATHY, BEM & LTHBRISH SN TWS, LA
5. AOMLEZ RS2, VU T MO EMRITIX 11
AT LN pH IZKREIKFET D, 22T, BV VBRIV T LK
AR L LCIRAT 2 LEpH TREMTH D U UEARI LYy A R e
AKFn¥ (DCPD: CaHPO4-2H20) MBSt JERR L=V VERAKE D LY w0t

Ca (mol/L)

B T ARKFIRE A BT LR S LS A AR L CRE{ET 5 o kAR pH
- FW‘B fi f K1 YUBEAILS I LDPpH [Zx3
Romiizof (M2). B, pH AHEL VB Cl% DOPD A%

V=N U NEWRMEY RV T DIKEIR O AE
oA, LA+ Th 256 1 IERER VS il T i
ERENRD HILD, i, MR ENY V=L
FRYE Y VR LY T DIKIRIRDIREY (~—A ) OWNERICIZ %
E\%%@%?%%%ﬁtwi%Wéhéuyﬁmiﬁwyvé B2 EUCBoh o LT
—ARRUREIS Y S REET D B E R TR ARKARD D LB e AKE B TRAILI B A DRILHD
FHRTH-T, %?ﬂ%%%@ﬁg%ﬁw%mi?»9@

21T, AR NS ORBL T 510, 51 T = T bR
ERN DB Z f5t LT BEVESESCHo3 72 7 /U bREZ R L, 10,

AREEE LTHOWORD T AEANXIRER Th o723, B 7 vr U ki ENE 27 LRI TH D Z b
ST, 1212, e 7va VERE IR CTH DEEME Y VBRIV T DOKIEIRICIR G T 5 & RERR AR R T SRR
Nic, TNUHORERMNL, U U= v 5% bR RERT 0% & . 1kiflzd 431247 5 R <, g
VBN T DR EBIEY VRV T DKEROM A G DOETEMET 50 BB VBB T LR,
Pt ) BRI V2 T DK, ARSI D =B 2 IRET Dl O CEMET 2NN H D & i LT,

U U=V AR E R O AR BE L Cid, ERE A AV G2 1T o 72, RRBEE
AL U7 RAERER I N T A R 2 R L, U BRI L 7 KR E A IR HE e i TR L 7, BRAE,
BRI JES H S40 T 2 IR SEIE O MW CIIE DA REE ChH 7205, U =00y 7 A% B O LR e
Wl C IR TR HEICE RIBEHERm A S &7z, #HA4EB IO 2 HOEERETHF KIEH DRSS MO
REATR D THIERE & U COMERER SN, BT, U YBR= 003w Aok B OSSR o
RIECH AT DR SN TEY . B O AR B AR S B LOEICER S TW S FTRARD bz,

2




INHORERNG . U R vy T AR E CAEA LR R X ERAR Y 22 A A TR & 72 B RTREME SRR S
7=

[REET N5 A bR A AL R ]

BALY LRIV T MEEERIS A ST L R 2B O — 2> Th 273, ABRE CHOIRMIN L7120,
FUETY U ZIIEHRf LT, —J, B CTH DRI T X A NEREM A 2017 ISR FAR S 4,
2018 FEMN HEFIRIGH ST WD, IREET /N2 A MEMEMIZBZE LHMEAR U Th 5720, BFRE & REICE
UETY U7 L Tl LUVEICE#R S L, BREICILET 28 ERELZ RT, £ 2T, AFERREIZIHENT
b, REET XX A NSRBI I O R 21T o 72,

ET. VUV TT AR A SRR & [F] CBE S R LM E G L, TRb b, REET NZ A
MR R VT T DOKESH TR L, £ ORELZEEN 2 MGt LT, RERT & A M, MR IR 25
ﬁbfmétw\@@uy%WwyﬁAﬁz@Tﬁﬁf%kﬁﬂ%&bto@mﬁ%i% ICE T2, B R
ERRERTHY, o, WK DBEEMLRETH T, KRBT RZA MOV A X2 RELTHZEITES
T%ﬁéné@ﬁﬁﬁéio_mﬁfé ENZ Ko THRIZ X DR LITINHI T X 7208, HEnsR e I XPRE ) T
HoT,

Z T, BEEY VR AL LT DK OEFNT K D BELEOS I TR SRl L, REET X A R DSHT
U b2 B R T I D IS & fst LT, SRR T 3% A S OfLAL (Cawo-a(CO3)o(PO4)e-c) 754 Fl
DIREW Z et LTehE R, oY V=N T N ERIETINT T DORGHBEIEZ R L, LR RIET
INEA NI DT EE AN U, WAL Tk S 21213, HEAIOWMMAME L Boin/on, U U BKFES
T N EREETI VYT DDA DOSEITIE, BRI Z I L 72 0WIGE CH LR S L, ZAUTmE O
VAFRIHTE % JHHET 5 T2 OISR EEFRRE 21TV, BB RIL L CW A 72 OB R R L OBE N BRI THDH EE XD
o,

IREET /34 A bR B CAEALTY a8 T S o> A7 2h P 12 B
LCTH, EBREME AW T2 T o 72, RABREFHE L7z
BRI N TB A B 2 FEE L, JRERT 3% 1 R %%
B O AR T L7, U VR =L T A RE

LA R IR AEE &[RRI Ao Tl BB R AR R H &

b . B AR~ g =3 ;—Eﬁ?/\@frb?&ﬁaﬁmiﬂﬂ’ﬂﬁ&ﬁﬂit
HETE o, A 4B OB T b8 KEHE @ﬁmiﬁ%@(ngmmLL%A®4@E®«7N%wL/IT
AR B TR - L CORBERTR SN, S5 Ui, B RBRADESHABOBA TS

. gm0 T S e ~ . ZITEBTETWS, MEENERTICEFHLOE
2. REET X A TR S Y S [ z St - Ny

W2, REET NH A R B A AR R m X, Y v AT B R ABER (= 2 L LB A S T L
W =1 v AR E O BB faE B L. B2 e o B,

MR SN, F-. B O LAIaERE B RS, FL

VVEIZEBR SN T AITADRRBO vz, ZIVDDORERNG, IRIET /X5 A R B A LA s T BRAR R

7R MR TR & 72 2 AT REME DS RIR S 17,




e

Guided Bone Regeneration (GBR) is one of methods employed in regenerative medicine. Basically, invasion of the tissues
other than bone tissue is prevented by placing a barrier membrane on a surface of bone defect. Although GBR is useful for
the regeneration of bone tissue, placement of the barrier membrane at the bone defect is not easy.

Obijective of this study is to fabricate self-setting barrier membranes based on the setting reaction of calcium phosphate
and evaluate its usefulness as the barrier membrane.

Beta-tricalcium phosphate [B-TCP: Cas(POa)2] and carbonate apatite [CO3Ap: Caio-a(CO3)s(POas)s-c] Were chosen as
composition of the barrier membrane because these two are known to show good osteoconductivity and resorbability.

“B-tricalcium phosphate type self-setting barrier membrane”

B-TCP is one of the typical artificial bone substitutes. Unfortunately, it does not show setting ability. On the other hand,
thermodynamical stability of calcium phosphate is dependent on pH. In other words, B-TCP is the stable phase at neutral pH
whereas dicalcium phosphate dihydrate [DCPD: CaHPO4-2H,0] is the stable phase at lower pH region. Therefore, B-TCP is
mixed with acidic calcium phosphate solution so that DCPD crystals formed by the dissolution of B-TCP into the acidic
calcium phosphate solution would bridge B-TCP one another. B-tricalcium phosphate type self-setting barrier membrane thus
fabricated was set on the surface of bone defect when the bone defect was free from blood exposure. However, the barrier
membrane was washed-out upon exposure to blood before its setting reaction. Gelling agent was found to show to suppress
the wash-out properties. Complete barrier effects were confirmed when the membrane was used for GBR of the rabbit femur
bone defect. In addition, new bone formation and partial replacement to bone was observed. Based on these results good

potential value was found for the B-tricalcium phosphate type self-setting barrier membrane.

“Carbonate apatite type self-setting barrier membrane”

COsAp is the composition of bone and shows good osteoconductivity like autograft. Moreover, COsAp is replaced to new
bone based on so-called bone remodeling process. COsAp is approved as bone substitute in 2017 and commercially available
from 2018. Mixing COzAp with acidic calcium phosphate solution result in bubble (CO,) formation leading the difficulty in
maintain the structure. This is thought to due to CO3 component in the agpaitic structure. Therefore, carbonate apatite type
self-setting barrier membrane would not be fabricated based on the same concept of B-tricalcium phosphate type self-setting
barrier membrane. Therefore, self-setting barrier membrane that forms COsAp is studied. Among the combination of several
calcium phosphates, combination of alpha-tricalcium phosphate [a-TCP: Cas(PO4).] and calcium carbonate [CaCOs] shows
setting ability and forms COsAp. Anti-washout properties are anticipated in this case as well since blood is penetrated in to
the mixture. Interestingly, no wash-out was observed in the case of carbonate apatite type self-setting barrier membrane. Small
particle size may be effective to supers the anti-washout properties due to its relatively strong aggregation.

Usefulness of the carbonate apatite type self-setting barrier membrane was also evaluated using experimental animals;
rabbits. Femur bone defect was filled with COsAp granules followed by placing the carbonate apatite type self-setting barrier
membrane. As a result of GBR procedure, the bone defect was completely isolated from the fibrous tissue. No inflammatory
response was observed. As early as four weeks after GBR procedure, new bone was formed on the surface of carbonate apatite
type self-setting barrier membrane. No fibrous tissue was observed inside the bone defect barriered by the self-setting barrier
membrane. Moreover, some portion of the carbonate apatite type self-setting barrier membrane was replaced to new bone.

It was concluded that carbonate apatite type self-setting barrier membrane has good potential value to be an ideal barrier

membrane for GBR method.
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