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Shear bond strength of dental CAD-CAM hybrid restorative materials repaired

with composite resin

Yun-Hee Moon', Jonghyuk Lee*, Myung-Gu Lee'
'Department of Oral Health, Graduate School of Public Health & Social Welfare, Dankook University, Cheonan, Republic of Korea
“Department of Prosthodontics, College of Dentistry, Dankook University, Cheonan, Republic of Korea

Purpose: This study was performed in order to assess the effect of the surface treatment methods and the use of bonding agent on the shear bond strength (SBS) between the
aged CAD-CAM (computer aided design-computer aided manufacturing) hybrid materials and added composite resin. Materials and methods: LAVA Ultimate (LU) and
VITA ENAMIC (VE) specimens were age treated by submerging in a 37°C water bath filled with artificial saliva (Xerova solution) for 30 days. The surface was ground with
#220 SiC paper then the specimens were divided into 9 groups according to the combination of the surface treatment (no treatment, grinding, air abrasion with aluminum oxide,
HF acid) and bonding agents (no bonding, Adper Single Bond 2, Single Bond Universal). Each group had 10 specimens. Specimens were repaired (added) using composite
resin (Filtek Z250), then all the specimens were stored for 7 days in room temperature distilled water. SBS was measured and the fractured surfaces were observed with a scan-
ning electron microscope (SEM). One-way ANOVA and Scheffe test were used for statistical analysis (a=.05). Results: Mostly groups with bonding agent treatment showed
higher SBS than groups without bonding agent. Among the groups without bonding agent the groups with aluminum oxide treatment showed higher SBS. However there was
no significant difference between groups except two subgroups within LU group, which revealed a significant increase of SBS when Single Bond Universal was used on the ground
LU specimen. Conclusion: The use of bonding agent when repairing an aged LAVA Ultimate restoration is recommended. (J Korean Acad Prosthodont 2016,54:193-202)

Keywords: Hybrid restorative material; Resin nano-ceramic; Polymer infiltrated ceramic network; Shear bond strength; Computer aided design-computer aided manufacturing
(CAD-CAM)
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o] Y AN ES] Ago] Q5= D Eo] thFsEH
/39| Beto] 27 H QU o] gk Bl s Hkalr] 9fs)
Algb] 714 o lithium disilicate B & S Y o] ZH =S H A

S e. max (Ivoclar Vivadent, Schaan, Liechtenstein)+= 360 MPa %
=7} ok A2 W91 7} H o] AW A CAD-CAMA]
Fo R A4 He 23S FUT 2011 o] % #1719
0|3 2243} Ak o] A1) 4§ 228 3| 7}8 CADCAM
o] 7HE ) AL hybrid A7) <] xﬂ o2 BRI

Hybrid A1 52 dl71e] 242 AL Best] 94 o)
dka}k B3k 2 (composite resin) W] 2} B-3HA]] 24 (composite
ceramic)®] - 7HA| & A Yol & 5 QU H 2 Yier] <9
were gealel e 2445 Azl Aulg e g3
71 A 22 CAD-CAM 27} €1 LAVA Ultimate (3M ESPE, St. Paul, MN,
USA)7} 7N =931 o] = @l 7lo] Algule] And Jes
ot A} 7 A E© 2 resin nano ceramic (RNC)o| 2=
o, 80wt%e2] i Al 2R & 5] 12 silanecoupling agent = o]
8-3ke] 20 wt%e] |71 7] A 2} slehA 9l Ajta frested Az}
3l 7| & o] t}. VITA ENAMIC (Vita Zahnfabrik, Bad Séckingen,
Germany)-2 polymer infiltrated ceramic (PIC) networko] 2} 1. &= 31
86 wt%o2] A Al 2t Ato]ol 14 wi% o] Eejm & 3 FAI1A 2
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Table 1. Base and repair material in this study
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HERe A v gl
Hybrid 27 of] T &+ %] F7}A ¢ 31% 2™, Rocca 542

CAD-CAME- 538t 22| 2 A 23t 558 At Agiujo g

ARG FRERG Felsh S0l 8 P00l Ak S

Frankenberger 5°- CAD-CAM A £ 9} =] & #| 2 ko] A7t
T el Al AR 2] ol whet 2 Al s Al A
1§E?_Db— Elsii=g
7 E 7| B0 B o= AR ES Al ol HlajA] 7 el

A 2 Al B B o] - & 71 aL 9lvk 218 o CAD-CAM

AE Z hybrid A €& HR = ofy ] Z=x| = obd B3R5
7R BE 4 oA AAg vk of Fok 8 $

ol Y4-S ghetsflof & H 7)ok 7|E FEA R 77

W 73l el el ol olg A7) el glojgte

Ur o}2] A 2 7] -8 LAVA Ultimate} VITA ENAMIC.2 A %}

BAB ol B APE A Aol
] o & AFere 77 Ul A 717 AR AR

LAVA Ultimate9} VITA ENAMIC K3 &2 3453} ¢ 71 2 o] &3}

o] 421 AN E W Z 1Y alel 25 & AR o]

= AEY FelddJLET} el 8FE = FrE S

Fol 2YUES A Lopna) AT AN A

AlE AR L F AR el AR EE 7S =

Azl AR Aol 7} 51,001 F A2 Tl E Ao}

Sk o TR el v ek flry 2 A algen] of

H AFE St Al Bzl skt

834} S o] 7238] o Fol

A FHES T WA Tl e o A el A ol
A3} WA 91 grinding, 50 um aluminum oxide air abrasion, 4% HF
acid etc}nngr-__r AF-8-3}e] LAVA Ultimate 2} VITA ENAMICS- T4
2 0 2 2|39 o o] 58 =A g vl waly] Y3 XA =
7} A]H (CZR: CERABIEN ZR, Kuraray Noritake Dental Inc, Nagoya,
Japan) - 1) 81 o). 2] A 8 2= FS5EY 53719 Filek
7250 (3M ESPE, St. Paul, MN, USA)S- A}-8-3} 93 o). o4 ok 2t
& 5ol a17] 91310] bae A 2.5 A39) A2 E AL 83, 5
2] A3 Ale] M ZE A}-2319 T (Table 1). F¥ A 2] ol AL

Material Shade Composition Filler (% content) Manufacturer
LAVA Ultimate A3 Polymer with approx. Nanoparticle cluster (80 wt%)-resin 3MESPE,
80 wt% inorganic filler St. Paul, MN, USA
VITA ENAMIC A3 Fine-structure feldspathic ceramic 86 wt%,  Fine ceramic network (86 wt%)-PMMA Vita Zahnfabrik,
Polymer 14 wt% Bad Séckingen, Germany
CERABIEN ZR A3 Feldspathic glass ceramic Kuraray Noritake Dental Inc.,
Nagoya, Japan
Filtek 7250 Al Bis-GMA, Bis-EMA Silica, zirconium oxide 3M ESPE,
St. Paul, MN, USA
194 CHStRI 2 Mets(R| 647 3%, 20164 78
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Table 2. Material compositions used for surface treatment in this study

Material Composition Manufacturer

Cobra No.1594-1205 50 ym aluminum oxide Renfert GmbH, Hilzinger, Germany
4% PORCELAIN ETCHANT 4% Hydrofluoric acid Bisco, Inc., Schaumberg, IL, USA
Adper Single Bond 2 Bis-GMA, HEMA, Dimethacrylates, Polyalkenoic acid copolymer, Ethanol, Water 3M ESPE, St. Paul, MN, USA

Single Bond Universal

MDP phosphate monomer, DM, HEMA, Vitrebond copolymer, Filler, Ethanol, Water, Silane  3M ESPE, St. Paul, MN, USA

TPL/LH- WY
aRWIIN . eAEY
W53 e

C
W

Fig. 1. Dental CAD-CAM hybrid block. (A) LAVA Ultimate, (B) VITA ENAMIC.

Table 3. Composition of artificial saliva (Xerova solution) per 100 mL

Calcium Chloride Hydrate 15 mg
Carboxymethylcellulose Sodium lg

Dibasic Potassium Phosphate 34 mg
D-Sorbitol 3g

Magnesium Chloride Smg
Potassium Chloride 120 mg
Sodium Chloride 84 mg

H A 5 5L Table 29 7 2] 3k 2.1 22 8 & &= Adper Single
Bond 2, Single Bond Universal-S- AH-8-3}51

Aol AL-&H )78 CAD-CAM hybrid A 85 A % HH24] o]
A2 ge 54F 7 de EHQ F Al F<21 LAVA
Ultimate®} VITA ENAMICS- A} 83} T} (Fig. 1). 7}2 5 mm X A
E5mm X E0] 3mme| A7) F W) Al A EAAT|A
(Precision lapping machine SPL-15, Okamoto machine Tool Works,
Yokohama, Japan) - ©]-8-5ko] A 2}ak Atk Al 2H Al 2 274 30
mm X 0] 20mme| Y77 e ¢ B EE(Teflon) = =] 17
& o)=L 2] 9] Orthodet, Lang dental, Wheeling IL, USA) A}
§31e] Znhagich. ol F 74 el el §AE el
Q3] <1FEFH (Xerova solution, KOLMAR Korea Co., LTD,
Sejong, Korea) (Table 3)0l] 512 A| A 37°C ©] 3} 2(WiseBath, DAI-
HAN Scientific Co., LTD, Wonju, Korea)ol] 457+ H.75lo] A] § 4]
g (artificial aging) & 2 A 1A T}

et st Eks(x] b4d 3%, 20164 78

A ZA 7} Bt Al ol /ol A ] Al Fhate] = Bt 1]
QA tololze FOER HAE FHS AP S wj o)
Abek £ A A 715 A F-st7] 218) SiC paperno. 2205 AHg-51d
AlAER & A BFGA T o] £ 3 A 2] ¥ (D no treatment (2) 50
um aluminum oxide (37] ¢} 10 mm A 2] 1037F 2 &, 28344 4)
(3)4% HF acid (157 A & $ M| #) 0.2 P sfo] 4-8-5fa1, 7
220 8 (@) no treatment (2) Adper Single Bond 2 (3) Single Bond
Universal (2+2} 10231 35 9h = T sto] A -&-ak3inth 2+
FAA Y E A 8¢ A2 ZA 971 9] group 2 2 W31, LAVA
Ultimate ¢} VITA ENAMIC®] 7 A &l &2 ¢ = 2] -85t
% 1871 9] subgroup @ = -7} 2.1 o] F 4% HF acid =5 4] -8-3F
groupE F7H4 0. 2 mAAIH(CZR)E th &= . & FH] o1 T
Z} subgroup A] H o] = 107 2 3193 .1 217§ subgroup =210
7§ ] A& 1] 5 T (Table 4).

THIE AR 2 el & w3l o] 292 st Al Hed
o o™ FEE A 08 X A7) 3L B35 #| X Filtek 7250
£ A48/ 7 2mm x 3] 4mm o) 2175 Fol 2 S48}
Ao} =38+ 9] 8l 3M ESPE Visio Alfa (3M ESPE, St. Paul, MN,
USA)E o] &-3}o] 23] o] tpr0] 2029 33582 A A8kl th

Tt AR AT AL TR 15U Bt s
=44 371 (Quasar 5, Galdabini, Cardano al Campo, ltaly) 5 ] -85}
05 mmimine] 5452 7| £33l o) 2lo] el E el
HAsts g2 NG AAE G MPaz gkt
1 A)4F2] - shear bond strength (MPa)=Kg X 9.8/m*Z 3}$3th.
AGAJAEE S5t sdw o] spd g #2stsl

A7 o, -2 o, 298 oA 5o Al 7HA] B
T oAt 8378 31 (cohesive fracture)o] & A] F4]
A el A shd o] Lot A -9-o] a1, F-2H4] 914 (adhe-
sive fracture)o | 2+ 472] & A Fol| A B o] ofit A -f-olm, =3}
73 3P4 (mixed fracture)o] & -§-5] 43 o 2} F-24A] b o] FA] 9
ot 742 LRIt o #E 9lote] AlH
FHS W ZH on FARHAFEAR] 7 0 2 (Sigma 500,
Carl Zeiss, Cherry Hinton, England) #+-2-5}3{ o A| 3 o] ¥4 2] w0
2] o] w2} polishing, aging, SiC paper, aluminum oxide, HF acid 2] -&
of mE & W3S 3sl] 9] she] 2000) 2<d 2} 20,0000 2
F& A5t 5 A% 2] = IBM SPSS Version 235 AH&-5151 ©.
1, L 2] AR (one-way ANOVA)S: A AT 8131 3L AFF-E4
© 2 = Scheffe testE A| 8 3} T}
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Table 4. Summary of surface treatment protocols for each group

Group Surface treatment N
1 LU 1 SiC paper 10
VE 1 10

2 LU2 SiC paper + Adper Single Bond 2 10
VE2 10

3 LU3 SiC paper + Single Bond Universal 10
VE3 10

4 LU4 SiC paper + Air abrasion(aluminum oxide) 10
VE 4 10

5 LUS SiC paper + Air abrasion(aluminum oxide) + Adper Single Bond 2 10
VE S5 10

6 LU6 SiC paper + Air abrasion(aluminum oxide) + Single Bond Universal 10
VE 6 10

7 LU7 SiC paper + HF etching 10
VE7 10

Po7 10

8 LU8 SiC paper + HF etching + Adper Single Bond 2 10
VE 8 10

Po8 10

9 LU9 SiC paper + HF etching + Single Bond Universal 10
VE9 10

Po9 10

LU; LAVA Ultimate, VE; VITA ENAMIC, Po; Porcelain (CZR)

A Universal £ AL 630 & 1) 5 0 8 A% LS Hol = A%E
1.5 01} VITA ENAMICE] 7§t 3 2 2.9] E 7] 02 7}

LAVA Ultimate®] 73-$- SiC paper= A n}A] 2] g+ Hof| Single o] 7} A YERA] eEShth
Bond Universal 2 %] ] 3} LU3 (12.76 + 1248 MPa)7} =& A 3}7} HAAN R Gk wiAg el Ao A== group |
=2 ®.¢ 11, VITA ENAMICS] 7 - SiC paper= *] 2] g} % 50 ym (SiC paper 7-), group 4 (SiC paper + aluminum oxide 2] -&-), group 7
aluminum oxide S 2} -3 TS A 24 2.2 #]2] 8 VE5 (9.77 + (SiC paper + HF acid 4 -8)< vlwste] &21a 4= 9l om,
795 MPa)} VE6 (9. 42 + 911 MPay7} A 23] 5 9] 7o A1 LAVA Ultimate®} VITA ENAMIC 25 SiC paper + aluminum oxide
o] 2o AWNEE HAT (Tbles) BAA 2 A AwH 2 283 LUA (259 + 372 MPa), VE4 (4.06 + 3.84 MPa)el| 4 7}
M LAVA Ultimate2] 73-¢ 25 W 2] 2719l A] Single Bond A2 A E Bt

Table 5. Descriptive statistics for the shear bond strength test (Unit: MPa)
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 9

Material/surfaces SiC paper no.220
treatment Non Aluminum oxide HF acid
Non SB2 SB.U Non SB2 SB.U Non S.B2 SB.U
LU LU1 LU2 LU3 LU4 LU5 LU6 LU7 LU8 LU9
0.01 3.75 12.76 2.59 3.96 495 0.27 3.57 6.28
(£ 0.01) (£1.26) (£ 1248)* (£3.72) (£2.88) (£ 2.86) (£043) (£ 4.96) (£334)
VE VE1 VE2 VE3 VE4 VE3 VE6 VE7 VES VE9
0.61 447 6.4 4,06 9.77 942 0.62 7.36 6.16
(£042) (£ 1.88) (£ 4.14) (£3.84) (£ 7.95)* (£9.11) (£ 0.54) (£853) (£334)
Po Po7 Po8 Po9

0.37 1.84 3.19
(£ 044) (£ 0.82) (&£ 2.65*
LU: LAVA Ultimate, VE: VITA ENAMIC, Po: Porcelain, S.B.2: Adper Single Bond 2, S.B.U: Single Bond Universal, *Highest values in each material.
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EHAY BT AR AHE-S T8 EokS ) VE4
(4.06 -+ 3.84 MPa), VE5 (9.77 + 7.95 MPa), VE6 (942 + 9.11 MPa)
£ 2 2 3} aluminum oxide 2 -§- - 4 27 5.2 282 alu-
minum oxideRt 2] -8-gF group H T} 3 ZHA| £.9] FF-ofl A ¥gle]
Bt AFAEE 28 o] S7MAT & A o= e

SAFEES 2] Al FHE = BAF X WE S LAVA
Ultimate9} VITA ENAMIC®]] 2 -§-5}¢] H.9}-2 w] 2 H| 1 &F group
7-99M e B4 X $ HAANRE 483 =A| T LAVA
UltimateL} VITA ENAMICo| 25 =& 718 Hel o E3]
Single Bond Universal2] A}-&-0] A 7}4] A & RFol| A 27 =
LAY EE YTk

ST gholl vl gk BAI A4 214 1} groupztel] £-2] gk 2o 7}
A= A O 2 YR Scheffe test = A7 %] 2 A] ) 5151 T (Table
6). AR R A 3} LUI-LU3 (P=027), LU3-LU7 (P= 037), LU3-Po7
(P=042)0)| A §-9] 8k x}o] 7} &Hel ]2l T} (Fig. 2).

A Y A A HAAN 5 E A 851A] e EE groupo]]
A F22g shd of ezt i F-E UERSE AL, A 2l = 5 Single
Bond Universal-S- 2]-&-3F LU9, VE9 groupel] A1 100% -4 w14
Fdol Vbt om ZHRkA © 2 Single Bond Universal& AH8-30 &

O
HAANEE A 2)3lA] @& LUL, VEIo| M &= Al B 2=
H gxlo] #AEA] ot 2] 8- ARl zhe] Aol A3 Lo
W 2 A #2002 AN B E AR
groupSoll M & A Zelxlo] Al el Asto] EA e A G4

= Fee & T A R
bl A Azt of e S &Q

(¢}

o vl P2 A
SEOREEEER
&% 99l

Age) ERAe 5 PP
2 A ARER| =F o]

fu R

t} (Fig. 6). AFEFA A A 1D7te =
92 ko) w2Eo] 9l B YAE AAT 7} EolE
Ae & F ATt (Fig 7). FH S A4
BT 7Hgl o3t 25 JerF #EEH e =2 &R
HEA o} g1 2] A ool £ o e =4
U Hol= Zl& & 4 AT (Fig. 8). LAVA Ultimate©] 73 -%- 2 2]
7L ARANA F A ' AL B S U VITA
ENAMICS] 73 AA 77} vl §- F7Fs] o] glom dej 7} Eo]

W EARA G AR oglo] T2 SHA o PFe B wEE o] 9l Zlo] ¥ H 1T} Aluminum oxide # 2] 3 EH
ST Adper Single Bond 25 2] 8-3F groupel| A = -4 243 5+ (Fig 9)7} HF acid 41 2] 8% 329 (Fig. 10)2 ¥] 8]l ®.H HF acid #]
AFS RYA T 50 um alumium oxideE- A &-3F 74-%- LUS, 2] groupol A L2l o] L= 918k 21.& 2 Ho] FAH o] glo
VES 7 7} group F A G4 9pdo] Sk A #EE 1 VITAENAMICH|A & o] Ao 93-S ka2 ¢+ 3
= A3 (Fig. 3, Fig. 4, and Fig. 5). =1=8
Shear Bond Strength
O LavaUtimate B VitaEnamic O Porcelain
30
25
>
20 * =
15 I
©
o
= 1
o W oal ol L el M
0 m L ! Il dae |—I~|

Group 1 Group2  Group 3

Group 4

11

Group5  Group6  Group7  Group8  Group 9

Fig. 2. Means and standard deviations of shear bond strength of experimental groups with marks denoting statistical significance (* denotes P <.05).

Table 6. The result of one-way ANOVA for experimental groups

Source Sum of Squares df Mean Square F Sig.
Between 2433.900 20 121.695 5277 .000
Within 4358.793 189 23.062

Total 6792.693 209

et st Eks(x] b4d 3%, 20164 78
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Failure mode (LAVA Ultimate)
100%
80%
60%
40%
20% -

000000 WD14:6mm

0% Fig. 7. Scanning electron microscopic photomicrograph of specimens after
artificial aging by submerging in artificial saliva for 1 month (< 20,000 magnification).

® Cohesive ® Adhesive ® Mixed (A) LAVA Ultimate, (B) VITA ENAMIC.
Fig. 3. Prevalence of failure modes after shear bond strength test (LAVA Ultimate).

LU1 U2 U3 L4 W5 LUue U7 LU8  LU9

Failure mode (VITA ENAMIC)
100%
80%
60%
40% = e e b om 2
— WO Z2mm Mag= BOOKX — Mage JOOKX Time 173310
20% . . . . . .
Fig. 8. Scanning electron microscopic photomicrograph of specimens after #220
0% SiC paper grinding (X 20,000 magnification). (A) LAVA Ultimate, (B) VITA

LU1 U2 U3 U4 LS5 LU Lu7 U8  LU9
ENAMIC.

B Cohesive M Adhesive ¥ Mixed

Fig. 4. Prevalence of failure modes after shear bond strength test (VITA ENAMIC).

Failure mode (Porcelain)

100%

80%

60%

40%

20%
. Fig. 9. Scanning electron microscopic photomicrograph of specimens after aluminum
o P07 Pos  Poo oxide abrasion and ultzsonic cleaning (x 20,000 magificaion). (A) LAVA Ulimate,

(B) VITA ENAMIC.

W Cohesive ™ Adhesive ¥ Mixed

Fig. 5. Prevalence of failure modes after shear bond strength test (Porcelain).

000000 WD14.7mm 15 .0kY %20k Zun

Fig. 6. Scanning electron microscopic photomicrograph of polished surface of Fig. 10. Scanning electron microscopic photomicrograph of specimens after
specimens before aging (X 20,000 magnification). (A) LAVA Ultimate, (B) HF acid etching for 1 minute (X 20,000 magnification). (A) LAVA Ultimate, (B)
VITA ENAMIC. VITA ENAMIC.
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AR ARl &ato] Z7h 2 Al o] /N E X sEAle] W
A7 A X7 REEL Id2 wAstn gk £ BEBe
2 2= AVA, 75 SR oy g % FA B

FE3H mE Eofof gk 7 U9 theket o) =&
Bl nir gl 2442 B7He Z o2 &4 FA B
T A ZoALe} A} ol A AA A R UG A 02 &
o] "tk AZA] 17 Ul A Al 1 Q= A 1A
B9 8 & 98l A= S TAATIHE Be AdTFEC] 8
of kot gl i Tl FejAl e /T A7 FE o) F
AT} mEbA] A aA]e] ALl F7FEAIeF 3] o] & Al A
o] A 2Elof] T A7 F o et 2 AfolA e
5 5-52] A 7 CAD-CAM hybrid =57} 2.2] 7 1] 5]
Holl #at A5 Y381

TA FEE] Al A8l A 2 v bur2 =4 S A
g o= 52 71AIA A8 S S7HA1 7] WH 2 silane cou-
pling agent 52| AM&-© 2 81814 Q1 A 2 F7HA17] = W
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2 7|2 27 vl 4 A g 5212 9le) neialof
12& EAES 7 2 Ak

& Aol A= SiC papers: ©]-8-3t] -7 Yol A burE o] &
st HEE ZHS AYste A% 548 a9 /R ES
3} T}, aluminum oxideZ- ©] -3} air abrasiont} ¥ 2] 31 acid etch-
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gt 0] AgHE S =o]7] Y& silane} functional monomer7} &5
2 2.2 o] g3k W AL gl

=2 =

ol AR FIAA AL AT A e
2 QoA AFEEE Fhlo]= burch ol HISI A Tolobe
FER 23 Az} -HAFer T A 2] 4] SiC paperno.220
o] A& o g AFste= o] 7MF frAbetthal ok om, air
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of AHE-SFSATE & A A 7} -fr-AFgl Frankenberger -522] 41 3 o A]
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ORIGINAL ARTICLE

X2t =gt|ZIez 2|E CAD-CAM hybrid $529| MEH-EE

228 0F8” - 0BT

WO o BAEA 0o TR A S, W ot A ) o A e A g

EX: 2 o oA & %] 3}-8 CAD-CAM (computer aided design-computer aided manufacturing) hybrid <=5-7j) 21 LAVA Ultimate$} VITA ENAMICS- 3%
Z3} B3y 7S A}8-3)0] 48] & w) 31 ] 2] W (grinding, air abrasion with aluminum oxide, HF acid)2} %] 24| 2 (Adper Single Bond 2, Single Bond Universal)
7715 A2 Abo) o ARGl o] ¢ F 2 PR £ Fohr 1 .

2 U HH: LAVA Ultimate 2} VITA ENAMIC A] -2 309 71+ 37°C 9] Q13 E} <Y (Xerova solution)o]] H.¢4ato] A| &4 2] & A Al ¢k 5 242} SiC paper grind-
ing3} 7, grinding - air abrasion®] 2] & 373} A, grinding 3 HF # 2] 3} 21 © & ¥-73} 11 Z}2} no bonding, Adper Single Bond 2, 5=+, Single Bond Universal
=X R Aol 9719 group, & 187H9] subgroup & 2 Lo} 3 & A A5G THN=10). HF A 2]groupel| A & A48 & 22 0.2 F7}at3ith
(N-10). T A 2] F 355 BT Filek 2250/ 212}e] AR ¥ 2831 0] 8 129 g0l Bl AAA T ol F A= E 243
sbAgr 8 EHA2) L35 SEMO 2 81315 One-way ANOVAE: o] §-3}0] group 7] #2140 & B413191 1 A1 4 2.2 Seheffetest 214]
549 THa=05).

A 99 23 4 AR A2l S @ gopEel H AR A2l 3 S gowel vle) BE E j e
H 2] 2] 9k A] g 31 groupol] A = aluminum oxide air abrasiono] A A g o] F7lof <kzhe] G EFS v A= A2 Ve
2t

ZE: LAVA Ulimates} VITA ENAMICS] 5 4| 2.8 %58 88121 ol £ajo] 2] & AN 2 7
29 Ado] g A 77 o) e @ 0% AR T 58] LAVA Utimatee] 7% 1 24 2.9 AL
2016,54:193-202)

FREO: stol B e & g v b SR FA g 2 A A A A=A

* AR A2 o] 38 (© 2016 T §h=] 74 1.4 335

31116 5 F ] g7 Tl 2 119 Y=o 3fw x| Zpefj o} X] 7} 1 H s 4] € o] 22 Ag]ololElB A= e]o} AXAFA-H] G2 3.0 =S o] il 2o whe}
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