Development of zirconia bonding system
(v a =T a5 AT HDORHZE)
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1. ¥ W

BERA BERS I S REE O M D SR 23 8 S 2 EMifEY Th 0, HEIRFEFH SRV 2
EMDBIEEOEHTEL LR TS, LML, TOXE, v— Y osiagEbic X
HEEMDIETOWBM SR T LA X —DARLNFIHET D, ZO &) REEzE RS
Do, FEEEBEL WA IA—LET I v 7 VAT AOBRBEBEANATDRTH
2o

F=Nt T Iy ZEEMEO 1 S TH DV a =T IZE&RICILT 20E V &, mon
BEEFIED 2H L CWD, 207, DA a=T(3E, HHEED, BEMEZ T TR
B TANRN DT Yy PIChIHENL LT T&ER, LinL, Yva=7HEKD
WA OATHITHE A TH D720, & ITRTEEICIEE LIz S a I ITF L2 01
WESHEDLZENTERVONBIRTH D, 207, Vrva=7T 7L —AL%/ERL, =
MICR—E L2508 - BERT 2 Z & THEEMDOM LZF->TWD R, Yra=77L—
AL CAD/CAM S AT DEFAWTIERIND Z &b, ~— VU EUimiic s T 2 lE O
HIBR B M BEAT R L 0 2 <, BEMfRY OMERFICER 23RO R S NEL 2, 71
—LDXAEW~OBEEREREIN/NEL D Y, 20720, Vv a =7 Wiy s &R,
HPERICHERF ST D70 Lyt A v b e U a=T Wit OBEENEE L 72 5,

UNA=TILL VA NEEESE L0, o KT T2 MBI X D
RAEEWP EFET I v 7 774 ~— BRI LD LENEE M TN TS, LirL, ¥
NA=TEFTVAFRET Iy 7 KORFERRNERETH L2, 1RO Ty TV T
Rz LTONa=TREIC LY V2L PRERESEL Z LIRETHLY, 22T, b
TARTIANT Y I a—T 4 U ENEH SNEERSOM ERFH LA TND2, FT
AR IANT Y Ha—T 4 o 7WEE, YV Ta—T 4 7INET VI TR AZ DN
=T EREICT T A MU A0, PLVa=TEEICT Ty ORERBIXEIL, #

B~ — 2 RO A < TRV B 2 7Y, L72d o C, BN et & IR AE L7z



BN A =T A VAT DORENEENL TN D,

EH, 2 OoMEINV—T1F, VB AT LVHRE /) v —Thid
10-methacryloyloxydecyl dihydrogen phosphate (MDP) 28Y/v = =7 L4 LGS
(-P-0-7Zr-) ZEHKL 9, LY VN a=T OEERSEH ESED L ERE LT
%100 Linl, Y a=TIIxd 5 MDP O RS & OB &2 MR L - 5 13E
LA ERZIT BN,

—J7, MDP & ek & LG, Piascik™ BIZv T o h v 7V o THIOWEY A &
WIS 2720, Yrva=T7REIHEEEZAET L2V ) I0a—7 1 7fE (Six0y &)
AL, LYY anT OEERS BN LS LFEERE L, L, 20K
EX, NEMRDVa=TKEmEx X0 OSED S Six0y B A TET 5 72O DR 72 F ¥
YR=RRETHY, Pa=T OmEAGNIE IR Six0y BE AT 5 2 L1
HEICHHETH D,

ZZTABIZETIE, (1) TRV a=THE Y AT LOFHMEZ OV THERT 5729,
MRV A =T HE AT LMBOT T4 ~—PN LY A L FOY NV a=TIIxT 54
EIRS B L OBBEMANMCRETRELZHRR, &I, (2) LYokt zm L
SELD, LY AY P EUNa =T RENUEFIICHEE SEDLTODOFR Y L= =

THAEYAT LERET LI EEARE LT,



2. EBRMBBLUAE

(1) RNV A =THEEL AT IMBO T T4 ~—RNL VB AL DOV a=T 5
I RIE T
1 8

D a =T HERICEE, FERR (B 12 mm, & & 5mm) [T - BER L7z Aadva Zirconia
T4 A7 ST (Y¥—v—) v, ZOREZMAKIER (#240, #320, #400, #600, #800,
#1000, #1200, #1500, #2000 DIHIZ) FBLTY, Z vy B 77 4L L — K (#4000, #6000,
#8000, #10000 DNEIZ) 2 THAK F CHEImAMIE LIz, £D%, 71 > (Wako) &ZKEK
ICTHERESL, =7 —@E L <, #Eme L (Ura=TiER).

T2, D= T WKL 50 um DT VI FH K (£Y ) % Jet Blast 11
(BEVH) ICTEF L%, 7 by (Wako) AWK TEZWEEERL, =7 —iEL
THAEEE Lz (DVva=7 77 A M), 723, EHEIL0. 2MPa, 77 & ML 10 7
M, 7 AA0nbya=7kKEE COERL 10 nm & L7,

AT, AFOTIRS NV A =T HE AT AMBELTNWDL T T4 ~—, T72DD,
GC #2753 A7 & (GC), Ivoclar Vivadent #2353 A7 A (IV), Kuraray Noritake Dental
BEAEY AT A (KU) BLOTOKUYAVA 25 S 27 & (T0) 2V, £V a=THEY A
TAEITTA~v—L LA DRSS (Table 1),

2) ik
O VNa=THEEHBLIRNNLVa=T 7T A NGDT T A ~—LE

FEA—N—RRREMN ST, VVa=THERGBLIOY Va2 =777 XA MNEILT7A~
—ZFTERIER &%, 10 BT —7a—L, 774 ~—0BEITo72,
© Ko oRE

Pefii /3t (DropMaster, WS i) ZHWT, YIA4~v—RE LYV a=7HIZ

xtTDAKOBERA ZHE LTz, DXL, 774 ~—WBlY )L a2 =7 % Tetrahydrofuran



(THF) & CTWalf L7=tk, KoM z2HE L, ok, arbtre—L LT, Yra=7y
WFBETE 2R3 2 Kk o$fil /4 & J|IE L7 (Cont),
® PAERBIAOER

TIA BV a =T HBIOYVa=T 77 A MY a—> Y7 (NE
3.2mm, &S LOmm) ZMEET—FICTERAL, V7RIV IA=THEES AT LD
LY AV NEFRE L, 7272618, G-LightPrima (¥—3—) Z HW\C 30 BOREDERS
L, VLYOreArh2EALEZ, TO%, Vo r%2BEL, ERLZ#EERRIEL 37CIAE
KHIERE Lz, VN aA=THEE VAT LMMIONWT, TI7A~—MH YL a=T wHOH#E
BRI 20 EER L, I ~— DL a=7 75 2 MEOHEERBRAEIT 10 [E7ER
L7z,

TIA = —REY L a =T IS LY e s L TTER L2 20 E OBRIKZ 2 SOREICK
M L7Te, —HI%, 3TCIRAKTIC 24 WefREE L7HE, i3 —~ A9 A1 7 VAmEEE L
2o 783, b=~ A 7 AAMIE, 3TCIRAKTIC 24 FFHIRIE L7721, 5°CL 60°COMmiR
K ENZR 1 4RI EICRIEL, 5,000 BIT-7-,

Fio, VVasTHBERBL NNV a =T T I A NIV YA Y N EEEEE L,
PRIt L7, BERBRIRIE, KON a=TEE Y AT LIOWT 10 EERL LT,
@ JEMEE A WG TR S ORE

ST CIRAKHIT 24 WfRIRHE L7-3lBRik & —~ LW A 7 V2 Afr LT2 E I E N OERIK
10 fEIC DWW CHEE IR & & T HEakBRt (TG-5kN, X 37 I THIE L1z, 728, 787 A~
v RAE— R 1 mn/min OFAFZTITo 72,
® WEHRADSE

JEREE A WA TR S DME 24T - 72, FHERBRIKO V)V 3 =7 & H % LEICA M60
(X10, Leica) I THIZE L, BHERRXONHEEIT 70, BEOKRIZ, >ED 32L& LT,

Category 1 XV /v a =7 RKim CTOFRmFIEE, Category 2 1L /v =7 FKm C O 5 mmHEfk &



LAy N ORRERREE ) & 72 DIRATEE, Category 31XL Y& A L b OEEREET
HD,

© AEHE

Pl B X OVEME AWEE RS OF —Z 1%, — T B HTE L O Scheffe DL HE
PR EIC K O WEHRIT L, Y0 a =785 AT AHOFEEHE 1T, £z,
THE e A3 sefihf 1C AT T 508, 7T A ~ — B B AWriE 7R S I RITT 522, W
v RT7 T A MLELAEME AWrEEE R S R L O —~ LA 7 VAR ERE
AW TR ST RIETEEIC ST Mann-Whitney U test Z HHWTHIE L, HEZEHIE

AT o7z, 7ok, fEBREIL 5 BRTERE LT,

(2) FHlY NV a=THEY AT LAOR% L OBEREORY
1) e

U a =T AR, FEER (B 12 mm, & & 5mm) (20T - BERS L 7= Aadva Zirconia
T4 A7 NI (V—=3—) ZH, £ ORI ZMKIER (#240, #320, #400, #600, #800,
#1000, #1200, #1500, #2000 DJEIZ) BLY, Ty B 77 LA — K (#4000, #6000,
#8000, #10000 DONEIZ) 2 THAK F CTHEEMIE LIz, £D%, 7 > (Wako) &ZKEK
ICCHERESRL, =7 —#g L <, #EmE Lz (Dra=TfEEm),
2) Sk
DO 2O N a=T T 5 A v —DiE

ARIZT RT I v~w LT aRxsora=uh (Plr, ~VERNZ7 A7 IHL) 0,
4, 6, 8, 10, 12, l4pL & A Va3 —/L 1ol IC8ME L TER L7Z, BIRITHRE KO,
5, 10, 13, 15, 20, 25 puL ZA Y F a8 —/ | ol ([ZIEfE L THERLL 7=,
@ 2MEDT T T T A ~— D

A #Zi¥y-methacryloxypropyltrimethoxysilane (y-MPS) 50 pulL % =>4 /—/L 1 nL (ZI&



fif U CHESRE U 72, BIRIE 0. 1 N SRER /KRR A = & 7 — /VAZBfE L CHERL L 72 (50/50 vol%) o
® Va=T7HEmEOBRILKEK (1,0, O

Da=T R 0, 3, 5, 10, 20 masshOIEEIZFHIE L7 H,0,12 60°C, 6 REREL
7= (Oxidized zirconia surface), % ™%k, Oxidized zirconia surface % Z&HE/KIZTH
SYVEEL, WOEE & LTz,

@ Kol ORE

i/ EE (DropMaster, WHME R 2 MW T, REDRRD H0, CRE L=V L 2
=7 BWFEE TN 6™ 2 /K O 8Efil 4 2 E L7z,
® PAERBRIAKOER

QWM N =T T I ~—% K o T AR LT OZENENERY, WiEERE
CIRELEH R3PR), Lo, W L7- L a=TWEHEICOVa=T S5 4 ~v—% B0
L, KA 3 oy MikiE Uiz, 60 B 7 —#zk L 7= (ZrO,~functionalized surface),
EBIC, 2V T T ITA~—% Xy XU 7T AL LT 2ENENERY, W& % 30
MHRE Lcik, Y a=7 77 ~—0BEIZEMA, KT T3oMKEL, 60 fHx
7 —#k% L7 (Silane-modified surface),

DX|Z, Silane-modified surface |Zljf7 —7"Cv U a—r U7 x{EL, £ON
iyt A b (Linkmax, ¥—3—) ZFREL, KRN EITRo7, V7 EBREL
Tot%, WRERRE 3TCOZREIKTIT 24 BrIfRE LT,

ok, arha—E LT, v a=7iERBS L 10 mass% H0, ZLPE L 7= Oxidized
zirconia surface |2 GC #2352 AT L& W TRBRIAZ/ERL L 7-,

B FERBE OB MAEIT 16 fH & LT,
® EAEEAWTHEE RS ORE

24 WF[EI#, 3TCIRAKT N HLRBRAZIY HL, ZTNENORBRIKICOWTHERS &7

HERBRIC CIIE LTz, 708, 7 A~y RAE— RiZ 1 mm/min O&EICTITF- 72,



@ RO

JEAEE AW E TR S OWE ZAT - 721k, FFEBREEO VL3 =7 5% LEICA M60 (X
10, Leica) IZTHIZ L, MIEMRADONEHEIT T, BEOKRIZT, 2ED 5 D& Lk,
Category 0 [X /b =t = 7 WFBETH T O S HIEf, Category 113 25 %L T D L GEEEREE,
Category 2 1% 25~50 %D L ¥ MG, Category 3 X 50 %A B Lo L ptEfikiE,
Category 4 13T _RTCL YAy hOBEMWETH S,
®X-ray photoelectron spectroscopy (XPS) 43#r

BB LMLy 7 P& RET D720, Pva =T m, Oxidized zirconia
surface, Zr0,~functionalized surface, Silane-modified surface % X #JGEE 4 GiE

(AXIS-ULTRA, Shimadzu—Kratos) ZMWNTHAMT L7z, FEERSAET, MEELE 16k, i
Pt 10 mA, FEMEARE 3X2 mm, 10 nm OPLHTR S 23T 5 o 1L F—X 4 e,
KA MIVOFES =R LF—(3 284. 8eV @ Cls THRIE L7,
@

P b L OVEME AWEE R S OFT — X1, — It B HTE L O Scheffe O E
PEHSIRTE L L0 MERHIRIT L, & EBRBECOWTORBEENEZITR o7, 728, fuligix

% LﬂX/ZE L/f:.o



3. @R

(1) RV =TEEVAT LAOMNBOT T ~—NL YA MV a=Tt
DN JINT T B
1) FIA~—E N a =T EIs D KO

7T A AR DV 3 =T IR DK OBl I BT TR A Fig. 11T,

DA =T HERE (Cont) (ZXFT 2 /KDEMMAITK 477 Tholz, Vva=7WERIC
GC, IV, KU 7T 4 ~—TRHEL TS, HEAIITEMRRBDOONT, ZNEIK 45° 2R
L, Cont & DMIZHEATRD bNeh o7z (Fig. 1A, p> 0.05), LA»L, T07T7A~
— TS % &, #3837 THEREIEWMEZ R L (p<0.05), —J), FIA1~—
WL V3 =7 T & THE CHEVE3 2 &, THF BEV AT & 0 bk ot 1 3a 81 EF L (Fig.
1AB, p< 0.05), TO 349 55° , KUIZKI 68° , GCII# 75° , IVIZKI 77° &R L7, GC &
IV ORI ITHEARA ICB W THBEEVEO bR > 722y (p>0.05), TOXMhd 7T A ~—
L0 b AT A ZR L7 (p< 0.05),

TS ITA BN A =T HRBLI ROV a =T 7R MEICHTHL Y AL FDIE
e A WTHEE TR S

TIA = —HN L a =T HBL OOV =T 7T A MAICHT D LY OREERS
IZRAT T B % Fig. 21077,

DA =T RIEEICHT D GCARL VAL FOEERSIIF 1.5 MPa TH - 7223,
IV, KU, TOIZO0MPa T -7 (Fig. 24, p>0.05), LrL, YA a=7HExR % GC, 1V,
KU, T0 7T A =—THES 5 &, LY OHERSITAEIC LA Lz (Fig. 2A, p<0.05),
ZOMEIET N a =T RV AT ARTRZR Y, TO, KU, GC, IV OJEIZHI L7z (Fig. 2A),
LY v OREER S 1E 4~6 MPa OFPH T, Z DRI T X TOV L a =T HE Y AT A
IZBWTLY oAy hOREREETH 72 (Table 2),

—Ji, YNAa=TiEm Y R A MWL, I 0BT 5 L, HEmSIE



AEWZm EL7 (Fig. 2B, p<0.05), 7o, ZOHEIIVNVa=THEEL AT LIZL>TK
< B2, T0, KU, TV, GC DJEIZ 6.0 735 10.5 MPa £ T EHF L (Fig. 2B), GC & IV
DO THEENRBD NN T228 (p> 0. 05), GC & T0 O THEENRBD bz (Fig.
2B, p< 0.05),

TIA = —H L a =T 7T A MEICBWNT, LY A R ORAIRER X O%HE
%~k L7z (Table 2),
3) TIOA—REN a =T HEICKT D LYk A N OBETANE

=< A 7 NVAMREBRN T T A ~— B L a =T micT b LY A O
BERSNIKIET L Fig. 3R T, —~<AP A7 VaaMT DL, GCLSLD IV, KU
BROT0OIZHENT, HERSOFERKTEZRO (Fig. 3, p<0.05), —~rH A~
VARG O GC OBEMS 1L 5.8 MPa T, 1V, KUBXOTO OZN LV L HEREICHED
fliZzx L7 (Fig. 3, p< 0.05), 7233, H—~ A 7 VAMRBRTIZLY AL FD

HIBEN A U A RBRKIC oW TIE, 0 MPa & L7,

10



(2) FHY L a=THE L AT LOBFE &2 OREEHNE DR

1) H,0, DIREEN V3 =T BBk 5 KOz 12 A

H,0, DIEFEEMNR DV 2 = 7 FFEE T k13 5 K OBl 12 R IE T 58% Fig. 41275 L7, H,0,
LV 3 =TTk B AK ORI 0,0, DIREN EFRT 5L, 48.7 D 28.7° ~LH
FIZIETF L (p< 0.05), 10 mass% LA O TITH 29° 2w LT,
2) H,0, R L 2 = P HFBEE OWENENR N a =T FI5 A4 v—D LVt A v FOHEENE
YL

Hy0, JLBR )L ot = T BFBEH OVENMEN DN a =T T34 ~—D L Pt A v kO
WZRIX T 8% Fig. 5I1TRLT,

LYy DHARSIT TN 3 =T W ORAMEICRE UKFEL, R 28.7 056
48. 77 LIETFTHEEHIZ8. 2005 3.0 MPa ~EFEICI T L7z (p< 0.05),

Z ORISR SO T & & I category 1 205 category 0 ~EHERE L, VL
=T HEERICEE T 5L Y OEIGIIE T L7 (Figure 6, Table 3),

UL, Ynva=r7 7 o4 <v— B EiIRWNT, VI 7T A~ — % EEE 0, LB
A= TEIAEH S GAITE, BEERS TV D B0, REIZB W TOK 4 MPa O
L, TOMEERERIIL Y O REHEE, category 0 TH 7= (Table 3),

3) TPZr DELKOEN I L a=T L Lt A FOEEEMIC MIET R

\\

TPZr D& (7TA) LAXKDE (TB) RoLa=T LIt Ay NOESEMIIRIFTE

L 2%
=

\

Fig. 71T L7=,

Z 2T, 10 massho Hy0, THLER L 7= Oxidized zirconia surface, 10 uL @ TPZr %5
e AR & 13 pl OKRZEEZTe BikZE W,

Fig. TA IR L= X 912 TPZr D&Y 0~10 pL ([ZHIN4 5 L HEME1% 3.7 ~8.2 MPa
NERBEIZER LA, TPZr O&DS 10 ul YA BIC72 % LA RS ITAEICIRT Lz, [k

(2, KOEDN 0~13 pl \ZHIINT 5 L HEERSIIE 3.4 ~8.2 MPa ~ LN L7223, KOE

11



2313 pL LA EIZ2 5 EEEEmSITAREICIK T L (Fig. 7B),

Table 4 (Z/R L7 X 912, TPZr D& 0~10 pL, KOEMN 0~13 pL 2+ 2 &, ¥
N =T HIEMICERE T ALY AL NI L, TPZr ®&7H3 10 ul, KOEN 13 ul
ZiE B L L7226 < OFRBRIKIT Category 1 7R L7z, TPZr @A 10 pL LA E, KOEMN 13
ul LA 1272 % & Category O I3HEM L 7=,

4) X-ray photoelectron spectroscopy (XPS) 34T

Fig. 8A 1%, YV a=7#Em (1), Oxidized zirconia surface( Il ),
Zr0,~functionalized surface(Ill), Silane-modified surface(IV)® XPS A7 hLi &
O, 0ls (8B), Cls (8C), Zr3d (8D), Y3d (8E) Si2p (8F) B'—27 ® XPS A~ L% T
HRNF—MERL L~V TR, £z, LR OMx v — 7 LA Table 5A ITRT,

UV a =T W & 10 mass % O H,0, TALEET % &, Cls @ XPS &' — 7 5L LE 3 L,
Ols @ XPS v — 7 s i3 L 7= (Fig. 8A, TablebA), Y va=77F A ~— (TPZr:10
pL/mL, 7K : 13 pL/mL) % Oxidized zirconia surface ([/Efl&H % & Cls @ XPS B'—7
BRI L, Y3d o XPS B — 7 BRI L7 (Fig. 8A, Table 5A),
Zr0,~functionalized surface |23 7 7 T4 ~—THET 5 L, Si2p O XPS ¥ — 7 58
FeIZ I U723, Zr3d BEOVY3d O XPS B — 27 1334 L7z (Fig. 8A, Table 5A),

8b-T TR 9 K DI, Pba =T Wi m Tt 7z 01s @ XPS B — 27 (X, Zr0, (530. 0
eV) @ 0%, Zr-OH (531.6 eV) D-OH &, 3L UWEENE SH7- H,0 (533.0eV) IZ)f)E S
iz, Y =THEEMm® Cls XPS B — 27 (%, C-C&C-H X (284.8¢eV), C-0 % (286.4 eV)
FBEROC=0 £ (289.2 eV) IZHE 47z (Fig. 8C-1),

H,0, THA{LALEE 7= L 2 =7 1%, 01s O-O0H J& XPS ¥ — 7 88t (Fig. 8B-1I, Table 5B)
FBEUCLs D C-C&C-H K XPS &' — 7 iR tb 29N <72 (Fig. 8C-1, Table 5C),

Oxidized zirconia surface |V a =7 77 A ~v—CUHEF 5 L, —0H & XPS &°— 7 i

FEL (Fig. 8B-1I) C-C&C-HZE XPS ©°— 7 sE L O3 D 7~ (Fig. 8C-1), LML,

12



Y3d XPS &' — 27 g8 (Y / [Zr +Y]) 120.10 225 0.04 (2 L7z (Fig. 8A, Table 5A),
Zr0,~functionalized surface (237 7T A ~—TWMHS 5 &, y-MPS (2L 5 Si2s
FOSizp O XPS B — 27 3B L= (Fig. S8E-IV, 8F-1V), Si2p ® XPS B"—2 X 2 KDY’
— 7 IZhBES L, Si-OH 3 (102.5eV) & Si-CH: (101.5eV) IZm@ sz, £7=, 0ls ®
XPS B — 21X 3RO ' — 7 |25 Bf S H, Si-0H (532. 3eV), Si-0-Si (531. 6eV) 38 L ¥ Si-0-7r
(532. 2¢V) Z)F@ &7 (Fig. 8B-IV), L2>L, Zr3dXPS *—7 (Fig. 8D-IV) & Y3d XPS

v— 713k L7z (Fig. SE-IV),

5) IRV NV a=THE T T4 ~v—L DLk

BN a=TRES AT LALHIRD VA =T HEEY AT LOHEEMRS & Fig. 9ITR L
72

PV =T W & O Oxidized zirconia surface |2 GC #3453 2 7 A CTikBRik 4 /R
THE, BEERSIIZENENG6.08LV6.5 MPa T, T XTORBIKIZBNTL VDR
HEEN B S,

LU, BBV a =T 8BV AT AITIRO CCHEE VAT L L0 b ABICEVEETR

X, 8.2 MPa #x L (p< 0.05), K4 ORERIKIT category 1 LT,

13



4. & B

THF PEiBiIc361d 5 7T 4 ~— B L 3 = 7Tk T B kO 2 ET 5 2 &
WL D a=7REm~O MP OWFEIREIZOWTHN, 774 ~v—ER LB A
FNDOUNA=THEIIRETREERN L, 774 ~—QEY Vv a=7 % THF iF5 5
&, Va=T RENTWEIAE H 5 WA LT % MDP OBLEECF IR 3 % Bl D21k
WRBDH B, VRGNV a3 =7 HHEENIS S DK O 13 55~T77° &R L,
TIA—MTRESRRDZENWALINE o7z, ZHUE, Yva=TEKHE~D MP
DWEBN T TA~—HTRRLTOEEZ DN,

Flo, VVa=TERE ST A~ —TULETH L, LY AL D OBERI IR
HOZIZHARRELS M ELED, ZOMRIZT T ~v—HTRE SRR L3 HBIL
e 2T, Ya=7 RKE~DMP OWARIEIHAE B S I MITTZEEW SIS
72, TIA =B a =T WK DK OBl LA RS & OB ERD -

(Fig. 10), ZOfER, KOBMhA & P25 S ORISR S, FEMREIT THF
Pl K 0 e OBERA O T @ N Z E R Bk 7pode, UL, EbEWEERL
72GC & IV OHEMSIE 6 MPa Z2/” L, BEEEIIETL Y oREHBETH -7,

DT, TTA ~—OREAPEE TN T T BE RS LIRER, 6C BV AT
LZENWT, == A 7 A EAR LT OBER I SR Sy, ho#ss s
FAZBWTIE, b=~ A 7 RPNV amTREmNHO RmREEL, 5
AHMAMERIEFITMENZ EBHA LN E 72T,

Flo, VNa=T T IANMAILT TA =L T Z & T, SBERIITZIHITKEL
M EL7ZZ DD, Pva=T LY rogERS On LI, 0 F7 7 A ML & MDP
BHTITA—DOUHHPAETHL Z RPN ERoT,

INHDOFERMNG, VL a=T RE~DMP DL FEREEITV LV =T L LY O

BNICEEE 257 LIRIBIN, LYV EAV RNED a7 OEERS AR EXH

14



D10IE, YA =T RKEAOMP OWAARZENSELLBENGH D LRSI, L
ML, Pa=THERICET DHERERII T X CREHEE R L, BOEERSZED
NI T2Z &, MDP XL Y DML FRHE 2 FETE RN ERB A b,

ZIT, LYrkAY b YA =T REIEFR RS A RE S E L 72D OFHLY
A= TRV AT AORFEE XN DA ORI 21T 72,

00, CRLELL 7=V a =T IR 70 774 ~— 2 EEERA SE 5 &, BEERIIIN
3.8MPa D—EEZ R L, TXRTORBRKIZENT LY OREHEENBIZ ST, LaL,
HO, UV a =T FEEFIC OV a =T 774 ~—2EH &Y, I35 Y00
PAERSIIRELMLEL, ZOMEXL O OFEHBED DIREME~EHRE L-, 2
OH,0, THFEF 2 & DV a =7 RENKBIEEDEANI L, @ MK LT TPZr 4y FEAVE
ANENTTNa =T REOKBEIIRE SN, LOKISEOEHWY Va=T KERE
( ZrO,~functionalized layer) Z Rk L, @ MK 4 g L 72 y-MPS 43 F FE 23
7r0,~functionalized layer \ZALFEWEH D VIIWELE L, LI DT P HNERICLD
LA EFET L0 E2 bz (Fig 11), PVa=T7FIif~—o T30 F T4~
—IC XD VY OBERENRIT YV 3 =T REDIHFNEICRE IKFL, LY OEE®

SIFHEMRAA N 30° AR T, #98.2 MPa (ZiE LT,

LML, GCEER Y AT AOBFMS TV a=T7 REOIENEICEFES, K 6MPa TH
ST ZOFRERMNS, HO, AP LY P a =7 REITEA X 7--0H KT MDP 3512 RS
HLTWRWZ ERHLERY, EAINT-0H FIX MDP 43 TN Y U EEEOWE YA k
TIERNZ ERB X LN,

o, LYVOBEBRIIIVN AT T T A~ —HD TPLr B X UVKORIZHR KFF L
TPZr BLOVKOENZAZEN 10 uL BEI N1 puL LA R b &, HEERSIIREETL
oo ZHUE, DNha=7 7T ~—0NEM LT Zr0,—functionalized layer DJEAF LY

WERBDENL Y DEEBRIICRKRELSEET LD EEZ DN, ZZTXPS ZHWT,
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TPZr10 pL, /K 13 pub oI 2V v a =T 774 ~—lC LV EkK NI
Zr0,~functionalized layer DEH B L PNEEFERE OEIZ>W TR L, 7,
7r0,~functionalized layer DJEI% A v U U AONE OB HRE & PRI AV L
A=y AERUTHD EREL, Y3d XPS B — 27 OFXITREL (Y / [Zr + Y]) OB R
% FZ, ZrO,~functionalized layer MEIZHETE L7z, FOME, U oa=T7KEIHK
i & 472 Zr0,~functionalized layer ME X3 6 nm LRE S N7 (Fig. 8d 111, Table
6a), £72, TPZr D& 10 uL TH > TH, ARSI TV WP v a =7 LD-0-CH(CH,) ,
IR S5 C-C&C-H D Cls XPS B — 27 R Sz Z &2 b, BRI GHES T
72N TPZr 4y : HO-Zr-R,, (HO),~Zr—R,, (HO),~Zr-R, (R :-0-CH(CH),) %, JEX 6 nm
O 7r0,~functionalized layer FHUCEEND Z E WAL N E o7,

IS OFTRERZ S LI, TPZr &N 10 ul LLEIC72 5 EEE BRI DN EMIZIK T L

DX, Zr0,—functionalized layer DE S DHIK L WEBOEIME T Liz7-H & B LT,
F72, KOBEN 13 UL LA EIZ72 % EHEERSI N RKE AR T LEZOW, TPZr 43 RO MKy
FEDMEME S FL, T a=T REIIEAINIZ-0H E~OREERIG LD b, KSR LTZY
b= KPR T O G BOS B ERMEE SN D 7o L B LT 1Y,

SHOELLE LT, Zr0,~functionalized layer (TALZEWRAE I L OWEIE L 7-y-MPS 4y
TN EIND VT OYNANTF LAY —DRELERET D2 LN TEIUE, RS
DEENHIFFTE D, D7D, y-MPS WA DIRH N HAETR S I RITTRE LRI 2

TETH D,
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5. & &

AAFFETIE, RSNV I =THES AT LAOFAMEB LY, FRo L a=THEEL AT
LzpEt L,

Z DRER,

1) Pha=7RKE~DMP OUSERL LOEERSIE, TRV 3 =75 AT LMY
BT TA~—THERDZENRHALNERY, KO & HE RS ORIZIRVAEBI R
o,

2) V=T HBERERIZEIT DTV a =T g VAT AORBERRRIT T C S R
ZRL, BOWEERIZHLNRNoT2ZEND, MP XL YA REULa=T D
{LFRIBREZFETERWVWI ERH LN E R ST,

3) XPS G, Yva=7 KM% H0, TS 5 EAKEEIENIEAN I, MK LT
TPZr 43 FHEIXE DKBEEFEIZWAE L, MK LT y-MPS 3 FREDNTER STz a =7k
ERBIIWET DI EBHLMNE T,

4) FRONa=THEEV AT AOHEER ST N0, TPZr BIOVKOBEEIKIFEL, &Kk
BECOHEERSIL, TRO GCHEEFEVAT ALY bARICHVMEZ R LT, 72, V=
=T E VLV RA Y POARERNREERE E LI E T, LY R AL N OBREMEEZ TR
Wi,

LEDOFERING, FH NV a=THEEVAT ATV Va=T LYt A Ly hOBEEIC

HhThHoT,
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Fig. 1 The application effect of the primer of each adhesive system to the mirror-polished zirconia surface on the contact angle of

a water drop, before and after THF wiping.

The number of specimen was 10 in each experimental group. (A): before THF wiping; (B): after THF wiping. Cont: non-treated;

GC: treated with the primer for GC adhesive system; IV: treated with the primer for Ivoclar Vibadent adhesive system; KU; treated

with the primer for Kuraray Noritake Dental adhesive system; TO: treated with the primer for Tokuyama adhesive system. Error bar

represents the standard deviation (SD). Asterisks show a significant difference (p<0.05).
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Fig. 2 The conditioning effect of the primer of each adhesive system on the shear bond strength of the resin to the mirror-polished
surface, before and after sand-blasting.
The number of specimen was 10 in each experimental group. (A): before sand-blasting; (B): after sand-blasting. GC: GC

adhesive system; IV: Ivoclar Vibadent adhesive system; KU: Kuraray Noritake Dental adhesive system; TO: Tokuyama adhesive

system.

Gray blocks: without the primer; white blocks: with the primer for each adhesive system.

Error bar represents the standard deviation (SD). Asterisk and different character (a-b, and c-d, e-f) show a significant difference

(p<0.05).
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Fig. 3 The effect of the thermocycle on the shear bond strength of each adhesive system to the mirror-polished zirconia surface.
The number of specimen was 10 in each experimental group. GC: GC adhesive system; IV: Ivoclar Vibadent adhesive system;

KU; Kuraray Noritake Dental adhesive system; TO: Tokuyama adhesive system. Gray blocks: before thermocycling; white blocks:

after thermocycling. Error bar represents the standard deviation (SD). Asterisks and different character (a-b) show a significant

difference (p<0.05).
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Fig. 4 Effect of the concentration of H,O, on the contact angle of a water drop to the zirconia surface.
The number of specimens was 16 in each experimental group. Error bars represent standard deviations (SD). Same characters (a)

show no significant difference (p> 0.05) by one-way ANOVA.



Fig. 5 Effect of the surface wettability of oxidized zirconia on the ability of the zirconia primer to enhance the bonding
performance of the resin.

Here, we used a zirconia primer containing 10 pL/mL tetra-n-propoxy zirconium and 13 pL/mL water. The number of specimens
was 16 in each experimental group. White circles, triangles, squares, diamonds and inverted triangles show the bond strength with
the zirconia primer, and black circles, triangles, squares, diamonds and inverted triangles show the bond strengths without the
zirconia primer. Error bars represent standard deviations (SD). Same characters (a and A) show no significant difference by one-way
ANOVA (p> 0.05). Asterisks show significant differences observed between with and without the zirconia primer by t-test (p<

0.05).
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Fig. 6 Typical microscopic images of the fractured zirconia surface.
The magnification of the images is x 32-fold. The category in each image denotes the fracture type of the corresponding sample. FR

shows Fracture and ZS shows the zirconia surface. Scale bar =1 mm
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Fig. 7 Effects of the amount of TPZr (7A) added in the organic zirconium solution and the amount of water added in the activator
solution (7B) on the zirconia bonding performance of the resin. Here, we used zirconia surfaces that had been oxidized by 10
mass% H,0, as adherends, an organic zirconium solution containing 10 pul/mL TPZr (Figure 7A), and an organic zirconium solution
containing 13 pl/mL water (Figure 7B). The number of specimens was 16 in each experimental group. Error bars represent standard

deviations (SD). Same characters (a, b, c, d, e, f) show no significant differences by one-way ANOVA (p> 0.05).
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Fig. 8 Typical survey XPS spectra (8A) of the zirconia surface (I), the oxidized zirconia surface (II), the ZrO,-functionalized
surface (III) and the silane-modified surface (IV) and further detailed spectra of Ols (8B), Cls (8C), Zr3d (8D), Y3d (8E), and Si2p

(8F) electron energy levels.



The novel zirconia bonding system
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Fig. 9 Comparison of macro-shear bond strengths of the novel zirconia bonding system with GC bonding system.

The number of specimens was 16 in each experimental group. Error bars represent standard deviations (SD). Asterisks show
significant differences by one-way ANOVA (p< 0.05).

[0/1/2/3/4]: Category 0: No resin remained on the zirconia surface (interfacial failure). Category 1: Less than one-quarter of the
resin remained on the zirconia surface. Category 2: Less than one-half of the resin remained on the zirconia surface. Category 3:
More than one-half of the resin remained on the zirconia surface. Category 4: All of the resin remained on the zirconia surface

(cohesive failure).
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Fig. 10 Relationship between the contact angle, before and after THF wiping,and the shear bond strength of zirconia adhesive
system.

The number of specimen was 10 in each experimental group. (A): without the sand-blasting; (B): with the sand-blasting. Before
THF wiping; o: GC system, A: Ivoclar Vivadent system, o: Kuraray Noritake Dental system,{>:TOKUYAMA system. After THF

wiping; ®: GC system, A: Ivoclar Vivadent system, m: Kuraray Noritake Dental system, 4:TOKUYAMA system.
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Fig. 11  Adhesive mechanism of our designed zirconia bonding system.



Table 1 Description of the materials used.

Material Code
GC adhesive system GC
Primer: Ceramic Primer
Resin: Linkmax
Ivoclar Vivadent adhesive system v
Primer: Monobond Plus
Resin: Multilink Automix
Kuraray adhesive system KU

Primer: Clearfil Ceramic Primer Plus
Resin: Panavia V5

TOKUYAMA adhesive system
Primer: Tokuyama Universal Primer

Resin: ESTECEM

TO




Table 2 Type of failure mode (Category: [1/2/3])
of the bound sample, by changing the surface

treatment conditions.

Sandbrast Type of failure mode

/Primer

GC v KU TO

nonmon  [10/0/0] [10/0/0] [10/0/0] [10/0/0]
non/do  [10/0/0] [10/0/0] [10/0/0] [10/0/0]
do/mon  [10/0/0] [10/0/0] [10/0/0] [10/0/0]

do/do  [0/6/4]  [0/7/3] [1/8/1]  [4/6/0]

The number of bonded specimens was 10 in each
experimental group.

[1/2/3]: Category 1: interfacial peeling of zirconia
interface. Category 2: Mixed failure that becomes
from cohesive failure of interfacial peeling and resin.

Category 3: cohesive failure of resin.



Table 3 Effect of the surface wettability of the oxidized

zirconia on the fracture type of bonded specimens (Category:

[01/2/3/4])).

Concentration ~ Wettability Fracture type

of H,0, (%) (degree) With Without
0 48.7 [16/0/0/0/0] [16/0/0/0/0]
3 39.0 [7/9/0/0/0] [16/0/0/0/0]
5 334 [5/11/0/0/0] [16/0/0/0/0]
10 28.7 [2/10/4/0/0] [16/0/0/0/0]
20 28.7 [1/12/3/0/0] [16/0/0/0/0]

The number of bonded specimens was 16 in each
experimental group. With: With the zirconia primer; Without:
Without the zirconia primer.

[0/1/2/3/4]: Category 0: No resin remained on the zirconia
surface (interfacial failure). Category 1: Less than
one-quarter of the resin remained on the zirconia surface.
Category 2: Less than one-half of the resin remained on the
zirconia surface. Category 3: More than one-half of the resin
remained on the zirconia surface. Category 4: All of the resin

remained on the zirconia surface (cohesive failure).



Table 4  Effect of the TPZr and water concentration on the fracture type of bonded

specimens (Category: [0/1/2/3/4]).

Amount of TPZr Fracture type Amount of water Fracture type
(uL) (uL)
0 [16/0/0/0/0] 0 [16/0/0/0/0]
4 [16/0/0/0/0] 5 [6/10/0/0/0]
6 [10/5/1/0/0] 10 [4/12/0/0/0]
8 [7/8/1/0/0] 13 [2/10/4/0/0]
10 [2/10/4/0/0] 16 [5/11/0/0/0]
12 [12/4/0/0/0] 20 [15/1/0/0/0]
14 [16/0/0/0/0] 25 [15/1/0/0/0]

The number of bonded specimens was 16 in each experimental group.

[0/1/2/3/4]: Category 0: No resin remained on the zirconia surface (interfacial failure).

Category 1: Less than one-quarter of the resin remained on the zirconia surface. Category 2:

Less than one-half of the resin remained on the zirconia surface. Category 3: More than

one-half of the resin remained on the zirconia surface. Category 4: All of the resin remained

on the zirconia surface (cohesive failure).



Table SA  Relative peak intensity ratios of each element detected in the survey XPS spectra of zirconia surfaces.

Zr Y Si (6} C Y/(Zr+Y)
Zirconia surface 0.183 0.020 - 0.629 0.168 0.10
Oxidized zriconia surface 0.207 0.021 - 0.652 0.119 0.09
ZrO,-functionalized surface 0.149 0.006 - 0.565 0.280 0.04
Silane-modified surface - - 0.035 0.326 0.639 -

Table 5B Relative peak intensity ratios of oxygen species detected in the O1s XPS spectra of zirconia surfaces.

0% (2r0y) -OH (Zr-OH)  SiO, H,O Zr-OH/Zr0O,
Zirconia surface 0.712 0.209 - 0.079 0.294
Oxidized Zirconia surface 0.705 0.283 - 0.012 0.401
ZrO,-functionalized surface 0.511 0.459 - 0.030 0.898
Silane-modified surface 0.000 - 0.773 0.227 -

Table 5SC  Relative intensity ratios of carbon species detected in the C1s XPS spectra of zirconia surfaces.

C-C&C-H C-0 Cc=0 (C-0,C=0)/(C-C,C-H)
Zirconia surface 0.399 0.403 0.198 1.51
Oxidized zirconia surface 0.557 0.289 0.154 0.79
ZrO,-functionalized surface 0.689 0.166 0.145 0.45
Silane-modified surface 0.737 0.127 0.135 0.36




