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Bonding to zirconia with resin cements

Department of Dental Biomaterials Science, School of Dentistry, Seoul National University
Bum-Soon Lim BS, MS, PhD, Soo-Bok Her DDS, MSD, PhD

The introduction of zirconia-based materials to the dental field broadened the design and application limits of all-ceramic
restorations. Most ceramic restorations are adhesively luted to the prepared tooth, however, resin bonding to zirconia components
is less reliable than those to other dental ceramic systems. It is important for high retention, prevention of microleakage, and
increased fracture resistance, that bonding techniques be improved for zirconia systems. Strong resin bonding relies on
micromechanical interlocking and adhesive chemical bonding to the ceramic surface, requiring surface roughening for mechanical
bonding and surface activation for chemical adhesion. In many cases, high strength ceramic restorations do not require adhesive
bonding to tooth structure and can be placed using conventional cements which rely only on micromechanical retention. However,
resin bonding is desirable in some clinical situations. In addition, it is likely that strong chemical adhesion would lead to enhanced
long-term fracture and fatigue resistance in the oral environment.
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1. M= Biocare, Geermany) 53 22 2|28 A Z511o}
A A"IEO] AN E T YRS, ofgt A= 5o} AlA

A =85S Hoke] &4E 715 FE I oh e 2|ihg EER 283 o PYAQl WA
o} 243 An S AT 4= Qlofok 3ttt B8] A A& SJsto] 2743t A Aoy wEpA Al
vlAgel| ik ehlol & A|Ig AlEkee) it obA Alaay Al2bee

N
)
ol
o,
re
2
o)
24
e
]
O
o
L
jatad &
ol o
KU

o A3E PN 5 Ol oheldt HRlEel L
dol fpt lzhulE A golels A2 e At AP,

il o] 3-8 Bt A F7¥staL it Aol A gat g Aete] EEC AF e o
#|7+ Cercon(DeguDent, Germany), LAVA(3M it i]’-‘a(tooth structure)®] 2%-& BN
ESPE, USA) ¥ Procera AllZirkon(Nobel — HZ &0 @3S weth @A oA AR

CHSHA| ol Avaia x| ®ja9d HsE 2011 | 265



Korean Dental Association

i

9yt

12

aim

skl Q= R A E(luting cements)+ QJAto}
AAHE, E7HEAYCIE AME, Sefiolo]

HARE, HAFeE SEtiotol e AlWE Yl
AR AE 5 5 72 2R3t P, 3akE A
Eof gato] FHASHA A7t Y= AR, 23
ARIES A9 7]&2 oF2] alshA] e Afolnz
-2 B¢ Al 2 AMES] A - s 12s)

2 s dstofor & Fast EAHORE ™= Q)
. 2719 JAtord AJHEL Fafioto] @ A]
HER A231o} pEEE ARAA ARSIFFANE
Ztolli= WA B4t RRIEo] Seoka wH A%
B Z7HE = Sl R AWE 8o FuislaL
AP,

A25i]olo]| gt Agtee 22 ote] HH
2719} &9 oy 2 H2HA9] A4l (wettability)
T 2 ek 840 S WS 4 ok AR
%< A 2ot AEFE2 ARFA ut 23y
o} 2| =53 SZH(intaglio)°] EAE &+ 7|
2ol 7 Aol whe} E= HH X ol whef Agt
gof| T Zpol7t 9l 4= 9lom, theFst HlX AHE
FollAe A2 oto] gt Z4lAdo] =3t AIHIE
7b A E2Fvolete] ZjtEE Qs gty e}
A & =roAe AT 2ot FHAE
H, Zefolo] F5 9 A AHE JE Fo] 123
yote] Aol = 3ol oo Yot izt f
ek,

i)

266 | Uistx| ool Alai8|X) M49H H|SE 2011

I. Y% AHE(resin cements)
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ESPE), BisCem(Bisco), Smart Cem 2(Dent
sply Caulk), Maxcem Elite(Kerr, USA),
Speed~CEM(Ivoclar—Vivadent) %@ RelyX
Unicem 2 Automix(3M ESPE) $9] glct,

. X7r-FEEY Y MHE(self-
adhesive resin cements)
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o7 ¥HA 9ot B3, A7-RAF dHAANEE
Y 1-73Hg Feprotol e AJMIE(RMGI) Eot

RelyX Unicem 3M ESPE, USA

Clearfil SA Cement Kuraray, Japan

Speed Cem Ivoclar-Vivadent, Liechtenstein
GCem ) GC, Japan

Breeze Pentron, USA

Maxcem Elite Kerr, USA

BisCem Bisco, USA

U-Cem (A|Z 0fl &) Vericom, Korea

methacrylated phosphoric ester monomer

MDP (10-methacryloyloxydecy! dihydrogen phosphate)
methacrylated phosphoric ester monomer

4-META {4-methacryloyloxyethy! trimeliitate anhydride)
4-META (4-methacryloyloxyethyl trimellitate anhydride)
- (methacrylate ester monomer)

- bis(hydroxyethyl methacrylate) phosphate

4-META {4-methacryloyloxyethy! trimellitate anhydride)
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22 Azt 882 EXKhydrofluoric acid)2
e SO b s A R g A T N A e
I A4 o) gpateElo] BB AR S S &
ek, 28y, AElrhe dRekA ok dFuuket A
230} 22 a7t Algteoils EAR) A4
AVRE A8 7| & gl ® ohel, E84 E40]
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AT,

AE2Foto] thgt #2 AIES] A 1
719 2%t v 71 AA g gt Azt 3 2443
off o3t aet Ayl FFE ek, AT Aty
HEAE AZA sk o2 e (1) d4Hgrinding),
(2) thojolRE W Fof &J3t dul(abrasion), (3) A
cEatA¥(sandblasting), (4) AF-E2A)(acid-
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3 5ol st A2FY o] A dRu YRE
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ESPE) ¥ Variolink II(Ivoclar—Vivadent) 52
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V. Sandblasting X2

7178 EEAeel MEgakas el A A
HES} e 915k A2 ujote] EHAT EH oy
A2 Z7IAA A7 1A GRS AL 4 9l
o FHAES 7HAAA A Q(silane) Ex 7
AMES) AL HoEAZ 4 olrh Mseks
g el A Alzheel 9oat ARt 9 9
3 W2 o @ ALLSEL YAuk MeEataE 1t
oA SEE Pejo] Wy, Wl 2o 24 % 7Y
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el i X2 FUole} e 1T AJgtule 7|
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3l a4 e 4 Utk SHT A7|Eck?
Aaaols BHAET} &7 tEd MEgeta
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E9 ARI|E m $£202 37 Z715H4] ghot 1A
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VI. Tribochemical 227} 3% X2

018 283t 4= glet, 198949 AThg Jhof tist )
o] ZA3EE FA717] st Azt 28 X9l
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oot 2718 AA-L ghgolu At #HS A
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FE At 29 A ¢ =E AdEe,
2717} 2R 30ium YAZ tribochemical A7t 2
B A 4 Y AAolcps T Ajghe) o A
g7} 29 A2 48 A7t 32 Ao} A
A AH AEAL v = s =22 F A
AHES} 315} Aok sto] Alete]-F7 Aghe A
A7l 98 o, TetA A=ty 2H S
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A Agol chekd o Ayt A9 A

A

270 | chetx{ztel Aiisix] Mo HisE 2011

o o3t ul7| A e B opat EHe| A7}
AR}l 2t slet A A B& Yo T 2
g A7 HAE = oL T,

AMeBetag AeloE £2 50m GFUE A
St gt 271 AlLdoA= A adE St
A717] Hlste] 110im FuvE MESstAY A
g o Azl ZHE 110m EFo[UR 2 2 Jg
£ A3t glrt. 23y Ozean 52 110im 50|
U AR AsEead Aejgt 2ol Avd
=L 50m YFuUE HEEekAY Aadt Fe
2o} fosiA w4 den, 110m YAE M=E
Ay AR o 2 vA/IAE fAEE €A &
SFATHL BFATEY, 1 olf= & YAR MEERE
g AEsle] 4 K23 o} mHo| izt A2l A
W ZAgAS] 22 F4A o A3t A og A8l vl
A71AE fA8 Bohe 384 d3Eel o 2 3%
& FE 08 q&T 4 QoL &5}, AepkE ¥
F8kA] ke AT At BE A= X A
E A4 Mo Ag7pr} 28H 30um(Cojet Sand) E
£ 110im(Rocatec Soft) Foly UA= A7t
YA gstH A4A 2 (grinding), AvhA
(abrasion) Ei= BHS Ao} & 4¢ Hrh &
2= A E S 5 vk A QU

Tribochemical A2j7} 2% AA] AMg3t £7)
dYE Aol & YIFE £ 4 P, FVIoI
5 3g A9 Mosetagy Aegt 38 Gk A
A 71qE 4= glo, et w5 A At a8
E 3o &4 & 5 9l A2FY ol B8 o
2 X34g AgE B 291 AE(13m)9 B
(6.06g/em)7} &7] &2l tribochemical 427}
38 AA] Ayt Wy gFFope) A% 5aip) &
B3R 5 4= Q) wgt R 25uolof thgh 4l
g7t 2] 2ol ohe A3RE Azt oll A Kok

& 4 97] B2 tribochemical Ael7} 78 &
7t ki FE 5 Qlrke 97t AdE BaEHUT,
Tanaka 52 A=23Yold] 7|AH Z=r} %71 1




o] tribochemical A&7} 28 X3t x=23Y
ote] & AAZ|7F 2 gt s, Alelyt =
SAR At B 2 AA7|= B A
27} H=2} vl 2 tribochemical A&7} &
B Site Aleb e 71413 Zee] Jeke wtA Ft
Hehg o ot et BUAET 8 2540}
o] 7= Al YA T Al dalgt B
7F wl}-¢- Wot tribochemical A&7} 28 Ayt &

812] 3H& 4 Qo). Matinlinna 5 gzt =2
3 A 230l #UE EDXA BA A7} Si o
11.2at%= W S Bk 3lgi=), X231
of tHo| TThsle] I AL AL Aog 2H
AT, ®Ho] EAete AEjvhe Y34 Qe
siloxane 2%9] Bezdo, Aetel 239 gt
diE 1shE H7-Alzhe] Aol =Si-0-Al=
AREY 7legafoll o Al =8i-0-Si= 2
gho} AT S, z|23ote] H Azt
FHslo = HHY A2 FF0] 75, 2at% 715 EelE]
o] FHAA =Zr-0-Si= Ago| A g-&
2 Ao gk PgAo] AAE 4 Qlnh I H|
£ 22351 o} Alztale]] gt tribochemical 42
7} 29 A7t BSE0IE A7t FH3 2|23
Yotel #21 AlE L] stst Agtee d-43 A7
Fow ML Bty Mgt} 1dE odEmut
o} |23 Yo}E tribochemical 227} & ]
T A S E2aha HAet 49 AgEo] AE
ohal SRARER . 2719] w2 AgE2 EetAs)
ol A7 BstAY E-+3 AE)shd F43] 7
2FTE A7 AT BaEoft® Ay} I8z
A7} QM E 717 FAE = YeAle BAs
A 2 Aot

Oyagie < MEEGAH At 4¢9
tribochemical A7} 78 Azdt A% AckAst
Bew Fo3 o7t glolhar st o 3

A
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L e

£

< B7] w 2ol shgirk?, et A-<8 &g
Fol= MEEwtAy A2et AJHS ATt e
T Aastea, Ae7tEd A3 Al
3ol (o3t Mk Tz it o] ATE X
2o} I MDP 3 X A[HE] 313t A3
T g Ee 7R A e A
= ATk A =2F ot g7l AIHES] ¢
g 47 AT 4 e A=F Yol #HA Y
2 O A E| L A o, ofd g AIHE A2
Aol Al A 25U oF Q) 7} A2 E FHEHA] o
I ik

AMEETAY A B Azt 29 AY 9o
A 2zote] thigt Agtee F7HA1717] gt thefst
I FAAEQL Az whlo] avfE It 7R A 2R
yot FHo] thA Alehd] 32 3712 2ZAIA 9
A AE7L oltE R = WH, selective
infiltration etching(SIE) A2|& At-HAJo] 715
3t 2123 Yo} Y P, Nd:YAG dlo|A2 A
23U o} FH mAThEAIS B4 9 AFele
2 Z-dft fA-ARTRE FAHO ol 2H
A|qk o|2fdt A1 2o} EHA ] o] 47|17t Hat
Yol = Faol Wt ok €Al v gl
bAoA A 2R Yol pEES ABZI ALY
SAFeER] ¢kl QP Aol Yot Sl Ak fAI5)
17} g 7ol Zefo|n k= A AHES] A

o] tf% 2% A& &+ AUtk

e 1w
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VI. MY Ql(silane) AIH ZYH,
oM (primer)

Alete) EHo) sieh A3k Alatale) A=yt gt
Adel AdAgAel ghgol FeHoa g, §
7|-57] B4 3 AUETAR] A olF-
uk3-Alo] glof EAJo] thE 7| A Rt B A= 3}
3 A%S 2T 4 9den, 3-trimethoxy
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Qe o5t =3

silylpropyl methacrylate(MPS)7} 2|38 A3
Qo2 2 AGEI i 2). 28 I F
83 GE sh= A §7] 7158k 3749 7l
3l 7Fs alkoxy 7|2 =] i, A%
AR 28317] Aste] Al okt ofehe—-
S5 SAoA] 7lBaE]of silanolo] FA4E oo}
st tetm e o] E7|Q |7 7IeHolA e
2wl At F3Eh Al wEAe] B
WA S AL BHE HAY BHAUAIE &
THA BRI Aol E = UEE it wEbA &
F44Q gizlo] Azt Zuks 9 Alety] 53 22 A
g4 B 2T 4= A "ot AL Ay
T Aot 2dd) HAe) 23 AR ge
dA YA, AFel dEC2E FEHoz B
4¢l AE2zolof B}ty A S AlFsAls B3t
t}, ohit tribochemical A7} 8 22 zj24
Yot 9ol g/ Ael7te] 4istr)er Agjelo] vt
3319 siloxane network® F4S $3) A7
Adiel st A4S 4& S+ ek
A23i]ote] Aol A S A7) Y3t
o] M=BetAy A2t ¥ metal primerS 283}
71= 3t} Metal primers= ANES}H] foldtn 2
oAU 17te) Aulzt dedkx] ok AHo] glo
o, -2 F80] 7hsd do FAFH ik

NdE 27jole FaEo] g4 =58 F4-Alg
9 A BEEY o) AMEYAR, FTd:
A 2siote}l 22 u7ke Alebd] o] & oE A
31 itk Lindgren 52 X 23Uo} EHE AMEE
g2 A2t & Metal Primer 11(GC, Japan)9}
Ceramic Primer(GC, Japan) EX3}3 RelyX
Unicem #HZ AHE F&3to] AAE B H3IGE
o], metal primerg 83 H9o= 180 ¥+ &
Zo| A AlaAZE AL FostA AR &
%At ceramic primerE 43t Aol A
glo] F-oHA AAH AT FPTH?, FTol= A2
ot EHel 4|9 oFst AFE T £ e
zirconate AHAYAE 2WEUH?, Zirconate
AREEAE 283 B¢ -8 AYdd= A
AA=rt e FEE EOAT, E-&3 A
Tl FosHA A= sHATE,

A 4 Bemet $ Qe S whEA 7t
SRR Fog deA gt WA st 79
A gt K231 ool A A MDP A9} A0S
3 2231 polysiloxane network &EAdo| A
2 4 9k, &, vk Aol x|2Aolo] Ho]
A E3pA AFelS MDPSt 33t AHAEA
(Clearfil Ceramic Primer)= ¥9 A44E 714

3t dElm g0l EY]9F wAAR-E B3 Alet

E 2 4230 Z|2E Mol AHLEH

Monobond-S lvoclar-Vivadent, Liechtenstein
ESPE Sil 3M ESPE, USA

RerlyX Ceramic Primer 3M ESPE, USA

Porcelain Repair Kerr, USA

Solicoup A and B Kuizer, Germany

Bisco Porceiain Primer Bisco, USA\

Clearfil Porcelain Bond Activator Kuraray, Japan

Bifix Voco, Germany

Shofu Porcelain Primer Shofu, Japan

MPS (1%), ethanol (53%), DW (47%), pH 4
silane (% NA), ethanol ()90%)

silane ({1%), ethanol (70-80%), DW (20-30%)
sflane (15-20%), ethano! (80-85%)

MPS (% NA), isopropanol (92%)

sliane with methacrylate (MPS), alcohol

MPS {% NA}, hydrophobic aromatic dimethacrylate
MPS (% NA), alcohol, DW

MPS, ethanol, others

272 | US|l ARSI MavR RisE 20




2 Q| Aok ARl 23RS ot A31Ae

AN S glh olEdt Wi AUATAE A
71749 Absof uhel gdE T RA1E 4= Gl A
A o7 7%t poly-moleculardo] Alzhu)at 2
|E 0} Aol 838 AT Frha ST, Atsu

5= MDP & #% AlHlES} 4ldol AHAE A2

ol
2

9 A2t A2 oto]] A QI EEd|= He-
¥t} phosphonic acid 2%=™ %+ phosphate
ester Zkew(6~MHPA, MDP 5)& &¢-35t Zajo]
HE E25PH A 231ofe} ¢ 2 AMES] A &
ol o a3 4 Quka gich AelzbA) Aler et
A9 ThEIt FARHA HEA HeHe A23Y
of 2HE $4k317] ¢} 33t AT (4-METAY]
carboxyl group £+ MDP/MEPS® hydrogen
group)©] 7Fs8l7] wiEe] zeto|ujol TgH Azt
A Hen AE2 ZZ2ole} #jZl AlE A3t
A1 o) 9B & = ok $ieHE 3).

3 4830 A%E =Zejoly

VI. E4 71571 84 45 AJHE
(resin cements with
functional monomers)

3 ET e Alztqe] gzhgos Agd 4
Ak SHAAt et At 7 = gl A
o2 ®Holc} Fx) A2 F o} Ao AMgSh= &
#A AMEEL bisphenol A diglycidylether
methacrylate(Bis—GMA), 4-methacryloxy
ethyl trimellitate anhydride(4-META) E&
10-methacryloyloxydecyl dihydrogen pho
sphate(MDP) Mt Eo8 ZAFo] gt Ayt
Bis—~GMAA #& AHE: A 254olo] tigh 2%
He gon fiRi 27 - g Belvka gt

Clearfit Ceramic Primer Kuraray, Japan

Clearfit SE Bond Primer Kuraray, Japan

Alloy Primer
Epiguard Primer, ED Primer |l

Kuraray, Japan

Kuraray, Japan
Porcelain Liner M Sun Medical, Japan

Tokuso Ceramic Primer Tokuyama, Japan

Metaltite Tokuyama Japan

GC Ceramic Primer GC, Japen

Metal Primer W GC, Japan

AZ Primer Shofu, Japan

Z-Prime Plus Bisco, USA
Ivoclar-Vivadent,

Metal / Zirconia Primer ) o
Liechtenstein

3-Methacryloxypropil trimethoxy silane, MDP, ethanol
hydrophilic dimethacrylate, MDP, HEMA, di-camphorauinone,
N,N-diethanol-p-toluidine (NDPT), water

2-HEMA, MDP, water accelerator, sodium henzene sulphinate
MDP containing monomer

Liquid A : MMA, 4-META

Liquid B : MMA, silane coupling agent, stabilizer

Silane coupling agent, phosphate ester monomer, alcohol
MTU-6 (6-methacryloyloxyhexyl—2~thiouraci|—5—carboxylate}
A-Primer & silane coupling agent, ethanol,

B-Primer : UDMA, MMA, organic acid, ethanol

MEPS (thiophosphoric methacrylate) based

6-MHPA (6-methacryloxyhexylphosphonoacetate), acetone
organophosphate monomer, carboxylic acid monomer
DMA, tertiary butyl alcohol, methy! isobutyl ketone,
phosphonic acid acrylate, benzoyl peroxide containing primer

RE roSly Xk islohEsy 8
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7E gt S

2, BEHS 7154 BemE TEkA] g EA AW
- Ex 35t ZdgEo] BEsin, MEEEAY A
o B A7 37k A3 Aty ozt Bt
4 Qe ASE E]Itk Bis-GMAA HA AWIE
£ 28319 o AIZFYo} UL tribochemical
A7 79 T A Ad A 7 52 2%
=5 Blou, E-a8 Ao T Aol IA
23k A9, Oyagiie S Ala)7t 2% Xz
off W} A 25ole] #H 222 ozl k= glct
T sigon Me=Bekas Aalshd Bis-GMAA 3
2 AHES] HEGE S thh B3 = AR 670
A7 Bl BEg & AP =E 3% 23 2EH
2ot HARE 2% ZAg Y14 fAdE =28
FA] ZBITEL sHATH,

Bis—GMA Ei= MDPZ 7A4% g3 AJWEES
Az oA = <3t AgE S BYAN -43
2| Foll= Aol FostA ZAE Ik e,
A 23Yolo| tigh # & AHNES] A3t yjtAdo] €9
A3t olf= AEFUOHI6% ZrO.) e} A2l slst
A o] &3] 7Y £ . Wegner 5
2 MDP &3 A|[HIE7} tribochemical A&7} 28
Hot 4717 % A S AT o+ ok 8k
O (zcan 52 tribochemical 427128 A
- 3 A AFEHS MDP &% dIA AHEE A}83t
7349 Bis-GMA &l AMEE AN 3 f9
gk Zpol7F GAglehaL shlek®, wheta] HA AHE 7}
A = EHA IR H-3t ARgo] Algtd]e] A7)
ZF J&E fAof 523 TS deXo A=
of] gHalst A 2ol gl AAolrpe,

A23Yol U A3A 7] 93ty
phosphate acid ester T+ phosphonic acid
acrylates ElME T3 #X AHIET} AFE3}E
Ut MDP B 3F, YA, Y20k, 54,
B 9 A23E 53 22 34 A5Ey 2 2%
e ZloE dEA gloy, A2Fote] EHE
SJ51R] AU RIS E231A] foH N2 F Lo}
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B &3} Agto] o gt A2 MDP
T 2 A Rienv) Qs A9 HEA 75ES
Elo] W] gl= AlE7}e] hydroxyl group¥} ¥Hs
3lo] siloxaneddE FAJoHA =AW, ALF2U
WA AHE Fol| A A4=0] Aetd] Zato|w9} #7]
AHER MDP 2= E -3}l 91 Boloh, X2
Fjole] 35t AL A 23 okl MDPZF 3}
HAYY EE siloxane 2% 5 27HA] Zg7]Ao] .
AA L Q= G2 AHE g5 MDP 2
w7} GEnU B (2T olel A1 Atk A
T 217k IeF, Blatz -2 MDP7} -5 Zeto)
HE WA =23 Fead F71 AHE 7|54 =
ew]Ql MDP 37} B Q3kA] Yriar spglom™ vt
2 MDP 3 H 2 AHMEE AR -9 AAz 0|
AgEle Zejoloit MDPE 43H4) goke Bt
3 3}, I8y, Akgungor 52 34 MDP
Hiew7l QRS H71E 08 F7FIA] ger
2 Ayt 85 21230t HHAA ] 318} Zgt
2.2 MDP-ZrO; Z¥RTH:= siloxane 2%l 23t
Rolakal FAsTy?,

Ozcan 5 A 23 o} FHE MESSAY =
CoJet—Sand A3t AW ZAFAMPS ==
MPS/4-META )& =E31 g7 AHE
(Panavia F 2.0 E+ SuperBond)& A&t &
37T FFTol ¥ GAoA 3/ e B ok
AAEYRH=E S48t vjwsigry?, 231 o}
EHE Ayt IPAEsL MPSE X3 H¢
Panavia F 2,02} SuperBond &% &2 A58
Hgon, SuperBondE &3 o= MPS E
+ MPS/4-META®| o2 A= F23 AJol=
gil et Panavia F 2,08 Z&3 3ol MPS
£ =323} Algto] MPS/4~-METAS =23 Ald
T B} oot 2 A BYvhal gk

SuperBond C&BY MDP$} Z+& A Hi-tjE
T3 gL Qloj® X EsiL]o} HHo| EgH Al
Q18] Ak=o] o3} ZFEE BA

22l polysiloxane




< 340 &4E 4 9okl Fto}h. Derandt
Derand+= 4-META &5 &2 AJHIE(Superbond
C&B)Y Ag7r=7F MDP 4 #A AHE
(Panavia 21) 2o} S314 w3tctn sty
Kato 5 4-META &35 918 Ay Agte
= 4-META & Ho} Aglo] o & 93 v
S FA31] MDP &+ 4-META 53 22 71%

3 E}akxﬂ Hr= Agjlo] f Tﬁlﬂ q4gs ?‘&‘3}3’—
s, 18 Oyagiie 52
A} Y42 Alzte] e ﬁ‘qﬁf‘/] l"i—f% AEigt Al
Eof ¥ & 9G¥ werkn 9119 Oyagiie 5
Az Fjo} Alepa] o] Hzlof QA Hiet 3 }%_1

g
N}
.!;
>
K
i)
m&

|

oyE.JT,

ARIE AR8-E 2t on BHAE Bas] o
oFL Sk,
K. &=

L AMgo] A 78I Y AEF Yo} £ BE
/REEANAN ST AR S d7] Y5t K2R o}
FHE MEETAE = tribochemical 227t 2
B A3 o ARl B A Zelo|iE =X
6}1 DPY 4-META §9 A% 7|54 2enE
FEA AREES o] 85l &4lo] UubdoR &
e}, 22 oby the A|akg At Bt 2]

31‘4 Foll chgh A42F Wi-rdo] f-olskA] wohar o
A ok, E3 53A7re] YA Ak BAolAd 21.7%2)
O]X}o AT 59%) Eohs HEE Hae) HAo] Tt

T A= A 250} Fatol AMgElE #7 Al
?‘_1594 SHAE ARIBEAL ikl & 4= QLo

HAEO §AH(retention) S A|HES Zg e
(bond strength)® /g%l 2o} 7]A12 x|l
(mechanical retention form)ol 2ls] AA %}
A E2votel HZ] A[MELS] At o| gigt ¢4 T
F5 MTBS(microtensile bond strength) T
SBS(shear bond strength) 34 2otz A A

W] AT ndte, Yol Terewt e
full coverage restoration®| A3 214
Ao} Hrlsle A2 Fe7h b 4= Slrk, AA A=k
i} 22 full coverage restoration®lA+= axial
wall®] Eolut, AHAIE 99 taper 5 71AA F4)
Fef7} oS Fa3 42 PP, ol3t AL 3t
A2 Ip3]] 2700] ofH BAAQ FEte =
T ZESH HA1E 4 TP,

g 2HE] fAEE Hrlslr] e A Wl
2= MTBS Algou SBS Alg Kt ARt
FAKEE Pull off test7} Tl A%t HRE Al5T
4 kA g AAR pull off test oflAle

HH-73 Fehlotej e *\““E(RMGIW} el

1 AHES} FARBHAY B 8t A9 S E"“‘q
85269 RMGIQ A7]1A¢ &8 % A5= A
CEJ sl ido] =1 71414 f-AF e} 2‘1’“
sichd #)7 AJHE HBoke RMGLE $48171% gith
9 Eg 1 AHEE S-Sl 23 micro—-gap
gHAlo] &g 4= o¥x}tr]~ RMGI+ 5%t 3 4zt
o2 gap A AA £ ofz} olakeA WA aHE

71E 4 Qloh YAHE” HeA ol o) he-4] o
59 Il e e sz 1Ee X AHE
2ot RMGI7H 8% 788 4 3lths Al-Amleh 5
o] & ek ke i,

A A A Aot SEE/HEES] HH3L

7IAH 2] Fel7h FRE ol RMGLE o] 831
rogw FESE fAEE 48 4 e, Ao
HA Hlo MOM FAGEH7E 22T A= 7
a1 sfe A3k
A9l Ao} Q

Q= FA AJHE HLo| &

AR

o,

N

> m{o
s

BE lo=jply ki sloEEly 0
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