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1. xlof AlHe] Mt (Fig. 1)

AF Aoz AR ] 4070 E HEsid 1
dHe] ey FRES AASIL §¢og FAt
st X]do] Axstx vES{E A (hypoplastic
defects) o] Al Bldln EaFH o2 HALs
T4 (crack)el gleA] &4t o|F Rotg
epoxy resin®} Eulst An}7] (Struers, Germany)
£ olgdto] W FHo| x=2HEE 120, 220,

Fig. 1. Dentin specimen.
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2. =X AlEe| MZ (Fig. 2)

A& 8mm, FA 1.5mme] tx3 Felo] TA) A]
HE 57 98] Veradisc (Aalba Dent Inc.,
U.S.A)E o] &3l 8mm A &9 UAAE BER,
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A5 AUt SE AL TR 108 =
=3 AF & dtn AZA A

Fig. 2. Ceramic specimen.



3. & (Table 1, 2)

40709] dold AlH3 =4 A HES 10704 4] 2
° 2 1po] thga} Zo] Adobd Exje] FHA
£ 228 ¥ Hasiac
[+ =2 #HE 8% E4HAl-Bond Porcelain
etchant gel, Bisco Inc., U.S.A)2.2 60
A4t 602 B BE AT F 402
7 AZNZY, Az8 A UL silane
coupling agent2] Monobond-S (Vivadent,
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T¥51 AeE7|2 2ke? 31ES 713 AejollA|
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o} QiAo 7k 4024 FHE 2AAA FEE
1=

oA AlFE AFEl7] Mo, A3E AHS 308

>
oL
o
e
1
i
ol
o,
2
ol
S
S
ok,
o
t+
5
3
(@]
(g3
~
j
=
a9
tlo
>
0%

4. 18 Al (Fig. 3)

2 Add A e Xl ZAt AEE AHEE
Instron universal testing machine®} 71459} @

Table 1. Surface treatment procedure of exper-
imental groups
Ceramic surface

Dentin bonding

HF etching
Group|l  Silane Yes
Bonding resin
Sandblasting
Groupl Bonding resin Yes
Groupll  Bonding resin Yes
HF etching
GrouplV  Silane No

Bonding resin

Table 2. Composition of materials used for surface treatment

Material

Composition

Syntac® Primer

Tetraethylene glycoldimethacrylate
Maleic acid in watery acetone solution

Polyethylene glycoldimethacrylate .

® .
Syntac® Adhesive Glutaraldehyde 50% in watery solution
_ 3-Methacryloxypropyl-trimethoxysilane
Monobond-S 1:1 solution of water/ethanol produced with acetic acid pH 4
. Bis-GMA
Heliobond

Triethylene glycol dimethacrylate




3stAl 233 “delolAl 1mm/min 2 cross head
speed® ¢ 71elth 8L =A| taae] 5
ol &0l 4mmeoli Fo] ¥HiFPo g ghEeln
733kd 2@~ 2¥ loading stylusE ©]-43l4
HARAQ g 7ttt shFe] JhEiAle Eet
AZE computerd X THZE Aol EA7} $A 3
9} (catastrophic fracture) & £319] 35S 715
3t1 o] Ydojt A P& &4 SEME
o] &3l T#ABIATH

5. SHIAz2

2 79 34 A% vz 247 HaA
SPSS/PC+ 4 ZE 139 A One Way ANOVA

Fig. 3. Fracture test using Instron testing machine.

£ A3alson, LSD test ol 83k} 0,059 4]
FZoN AE P

I o7 2z
1. o™ X&e| 7|% (Table 3, 4, 5. Fig. 4)

Instrons ©]8-8td EA] t]23d] & 7hejed
SA7} 94 (catastrophic fracture) ¥& «37+e) 8t
FHE 7128a, 7 FHE HIFFE 7+ A, |
T 194710 N, 1+ 167740 N, &2
1491 60N, N+ 1152.00Ne=2 I, I, I, V<
o] o2 F& 35N ZA o] dojgrt
’gold A 2kA 2 (dentin bonding procedure) & 33t
[, 1,0 2% 84443 silane A2 E 3 &3
=Ae B9 A E A [T Alojolle BAHL
2 fog o7k Yebgm, [Fo] =AY Had
o gFu FALE Al [2ET 52 34 A
g5 Jepiglou, BAAQ fode it a8
3, BAo) £4F 227 silane X2 & FL3HA A3
g [ 79 V&€ vastd, dobd s Ag%
[ o] Aotd HAS yd NEEY SAHZ
ol T & FAFHT Hol, dold AAAY
7t A B A 49 4 BYS ¢ F
AATEH

Table 3. The mean and standard deviation of the fracture load (N )

95% Confidence

N Mean  Std. Deviation Std. Error Interval for Mean
Lower Bound Upper Bound
Group | 10 1947.10 517.82 163.75 1576.68 2317.52
Group I 10 1677.40 325.96 103.08 144422 1920.58
Groupll 10 1491.60 281.76 89.10 1290.04 1693.16
GrouplV 10 1152.00 366.11 115.77 890.10 1413.90
Total 40 1567.03 470.57 74.40 1416.53 1717.52
N : Number of specimen
Table 4. Analysis of Variance

Sum of Squares df Mean Square F Sig.
_Between Groups 3345743.3 3 1115247.8 7.589 .000

Within Groups 5290333.7 36 146953.71

Total 8636077.0 39




Table 5. Multiple range test : LSD (P<0.05)

Mean 95% Confidence
Group (D) Group (J) Difference Std. Error Sig. Interval
(I-J) Lower Bound Upper Bound
I 267.70 171.437 .124 -77.99 617.39
| I 455.50" 171.437 .012 107.81 803.19
v 795.10* 171.437 .000 447 41 1142.79
I -269.70 171.437 124 -617.39 77.99
I il 185.80 171.437 .286 ~161.89 533.49
v 525.40* 171.437 .004 177.71 873.09
I -455.50* ©171.437 .012 -803.19 -107.81
il I -185.80 171.437 .286 -533.49 161.89
) 339.60 171.437 .055 -8.09 687.29
I ~795.10* 171.437 .000 -1142.79 -447.41
I\ I -525.40* 171.437 .004 -873.09 -177.71
I -339.60 171.437 .055 -687.29 8.09
* ! The mean difference is significant at the .05 level.
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:Sx TA ] B Fio] oldd £l 3, SEM A
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jpoe £ EtHFig. 5). [ZolAe %4te) =47k Aot
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200 2 #o] Jobdel wol ol gl £7E Hol
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Fig. 4. Bar graph showing the mean fracture load.
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Fig. 5. SEM shows dentin surface after fracture test
of group | specimen.
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I, YR B2 Foldo ol s, =A% g
Atel9] adhesive failure ¥73S ¥ o™ (Fig. 7), ¥
oM e BAE ol ¢A3] Feld ez,

3514

1@kl
Fig. 6. SEM shows dentin surface after fracture test
of group I specimen.
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Fig. 7. SEM shows dentin surface after fracture test
of group Il specimen.

G712 FoldoMe AY FolE 4 UL, HF
B AobAn} #A Ale] 9] adhesive failure®] &<
B9 (Fig. 8).
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AR =B 3l A 9L niAe 842
€ AA 249 AT, A3 FZA Y 4, A

B4,
2 g4 W A EZY 71 ¥ (void), BH AAY], .

Zke] $-# (residual stress), =4 FE-&2 T/ 5ol
gl‘:]_zs,ﬁl ,63) .

AE AxY AgL JsiEtd oz A stE Ty
(geometrically well-defined bar)9l #33A & 3}
g2 2784 We] ot} §e 84F0] A
of 4 v, AEe T4, 485 E JY W
&k} 9%], 212] T loading stylus?] ¥ 5ol 58
BT ShA g PR E X Te] B QA Heof
Ae B9 AHldges d7iR) Bl dgd 93eE
BoAl s A8 34 7xe] vjwrl oy
o 2ol E Ao g gale s 2 g
Aof| point load& 73t &+5A& ¥ @3tATh. &
A7} 2ol in vitrool A B4 AFE o] &8l ©
& 4EUE kel 8l AxE ESAde AL
A4AQ Fate AAZ e Ho| Hrja B ¢
gom, AR AJE (static testing) L2M & SI2 2E
@] 2 (fatiguing stress) dtoll A1 2] A71& &/ sl
G AANT ¢ 4o, a3y, AdE 85
A Fol et ofo|t]olE AT + A& A
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a3l3 ek Alf Lom WO33
Fig. 8. SEM shows dentin surface after fracture test
of group IV specimen.

2 Azt

AR 2T A e AA FZ(supporting
structure)®] €43 A4 (elastic modulus)ol B g &
£, Scherrer®}t de Rijk®] Ad <) 23hd &4 A
F71 14 B4 2 $EEL H7 2800N9
&5 A 4+ e v, 2.94me] AL E
7YA1E substrated] H &8 FEEL 478N &9
3150 Agrin gk, ot @A s
12.5¢h FZolA g & AgdM 2 T HelA¢]
AP AAo] Tha Ho|E Holg AL AR 72
ot el e AF kol €F3A F dolx 1 9
Qo] )& Aoz YztAT}h Tsai §7L =A9 F
A7} 3Hd AEd vl G dFshed QoA
M7 obd Aol Wol 24F AAY] Yo
ol a} FAGE @AAIFE 7HAE epoxy resing
A2 F2Z o] 43 b} JUth

=R ¥H-E AZA k= WHelE diamond bur
2 AFA e Uy, ¢F0UE BAF she i,
a3 Bt g 2zbeted oA Z1AA A 2
£ 9 ¥y o] gith. o]F diamond burZ %A}
el UHg ARA e UEe 9oz &
AMEEIA k3, GFO A EE vmE 2HE
A & o e HoZA 50ume] AROsE 0.4uno]
HE o2 nozzle#e] AYE 10mm=E {A3HHA
102 B¢ 7FEA 459 4L ke Ao] 33
3 Qe YR gesiA EAF shd £A9) chip-
pingol ¥old £ th. B AFHqME TAjd &¢F
oy EALE AlYE 23, A 39 Mg A &



2 A% HEe g2 o AYE JedS ¢ F
AR} ' _
A9 A e A AAd EAske T

X &P mepy, EAC dd =]

Z ¥ole AF #F Foll AU 7] o] V% B
%o A Bl it #E A= F8F F
9] #7] Aleldle v & #AV 4- )
chzYafCl/z

o714 Kice 374 QA (fracture toughness)©] it
Ye 24 282 s 2 A HF (crack tip)*]
elol] o3 A= 718t ¥4 (geometric para-
meter)°]™ o & 34 % (fracture strength), ¢
F9] Z71019. shd 4L A 8d 2EG 2 3§l
EA st &2 Aol g AEe] Aoz Hos
o, 9j9 A BH B e 583 E9 A
717F E01€W ARE & + U

B AN A FAH 223} silaneH 2 &
T AdTol A A& A ¥ Zo vFd &
24 A 2 34 Z=E E9<l, Thompson®
Anusavice® e #HFoE FAF $£5E Fxd
Fshs 84 4 Az o8 EHe £33 ¥W
ARz} Asleta, #2 HEAASY A ARES}
2 AN Bl & AnEA &9, =A9 HF
A AdAA EREAE A2l A& EUH. ©
oz A £55Y E AL TN e F
g 7|de BEgsht, 23 Aol 93id RA
71Agto] foldittn B3 vk HHY e &
o] £XE 3N oz, w2 &5 A
Adtn, & &9 2V & AN, &9 Aol 3
2A7le EF4E 7dste Aelt) o2 U A=
7} A AL TA9 HF AME ZHl] Aol
N3 2E X Hde] §457] wjoltt.

TA9] A zto] AT ulAe G BE A
FolA Stangel® Nathanson® ZAldl 22-&
st S Al A BE TolA B=rt FUt
sttn EuslAA, 2ol 4zte] Az 7}
B 8¢ 848y g, Bt sxd e
A 729 atolE BEG AT B TAY T A4
(phase) & Agdoz ga3t=d Feld(glass
phase)2 52% B4l Sal=H A3, 23 (crys-
talline phase)< 20%<] B4t &3 =tk B3
stk 2zt Azte] 9ad dEibE 2,580 =&

® 7A$-9 nHFZE glassbead® A3 A4S
Ehfin] AZte] Eojubd o] Fo] &N BE AdH
FA=E 2,583 A7 Ao] 208 A7} Al K} 2-
3uf Aty @ v vk, HAG A7 AL AF
02 1E Ax7l FAH 1 Uth®, Bailey® Bennett®
< A R A7k ez FAAEE AAlE)
3 B A3 Bk gake) Al £-AQl Stripit7t
Zo] fEldel AEs &7 MR S
ammonium bifluoride® 4Bt FFol %lo] & 4
Aot Aoz AAE 2o w v}, Sorensend
Engelman®% 202 3837t 4713ld u)yie
A =AM AF ZA=rt FEA Skt
3L 33T

29, Lus} Harcourt?= TA19 94 7=t A
AHEE o] &3 HEd 9] AFH=H|, silane
coupling agent’} EXAE #3131} Taje] A F
8% 988 gt kot Silaneo] Aol 7|38t
e 7138 4 F¥AE #A7 4 Alold| 318}
A Ago] dojye Aoz A9E ¢+ . =4 ®
Aol A silane®} 7H=E-317F Yol U silaned 83
Atolof] Ff Aol o] FAAH, =A F silica

- FFOE U9 silanec] FEAE #HY =4 W
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< e g AFstA she Aot £, silane°]
=4 #39] Zg(wetting) & 338t H7 AHME
7t A2t =4 399 vlA 2 Y2 &8 Eof7}
© A& %o 2A F9 o A S AN
Zo|t}. Stangel® Nathanson sialne A8l€ un-
filled resin® Wlmadte] 2 ztat Faglol 2% A=E
Z7M715 2 3199tk Hayakawa$t Horie®= =4
e OH719 w83l silane agent’} AHEEH
FIXAE YA =4 Ale]o] e HEAS 98 &
2 A Z4E 314 Yolx "k F4E%

Aol o B Agel Frhe 27HA] e
AR 4 gled, 4, HEA-7-2A4] A" A
o] 743 J&AYd o3 FgRoE 2EY 2T HG
g F 93, EAE, crackd 71A1E A 8
EAg H3gdATn GRS =xgo ey 33} 59
£ Yehddh= 7dolt}. Yoshinari®l Darand® & =
A FEEo| ol oz FIAd AL oA
Zrzo] Wuidlt F718 Bole o|fEA ZAHE 4
Ao 2N & HFMe] ZE ¥ (radius of
curvature) = $7H1711, ERZ silane?t Bl Al



ER ZHRE 23T & IR 2EH2E
ZAEN7IH, ARME, =R, Ko} 1t} 5t A
o2 7P w2 %8S ¥e =4 WS w
2 A71e W3 (strain) & #A2A7]7] HEolZan

3t =Ale] ol giloz =XHW T (crack)

A FFsie) Aasled, & AR 2=
£ & golel Ag2o vdsn By el

£ Adsle 90| U B3, 2-dimen-
sional photoelastic study 23} A&4 8% (constant
load)M & 330 £X=& WAl A A|HES]
7 %7} ZPCEL} Aty 8ttt :

AAE 24 9] BAFE 3 Fx] &S v
A 4= g1t} Anusavice®t Hojjatie®] §38484 A
Tol M2 & HATE 7R e ANEE AH-
3 o] Aagdn stgoy, o7 A7 9
sled ZPCell Bl3le] ¥ BAIFE 7R i Al
HEZ FAE $EEAN o] £ 3 Aol B
IE I YT o3t dge] Ul Ao zE
A AHES} 2EH X A glo] ZPCET} $-423F
I, °o|& olrlx ZPC/t B Eo2 AFsed 3l
o] Fofet7] wEolgta AZArt.

AMES] H% A% d Ao 9FE F=
842 majge} s, B2 ATl o AR
EA# ehge] AHE su 370] JPF 2 Bee
23 o] A8, 1 H9Y e 100umol A 160
um Apol i BFHTHEP o] o] Aol waH HHF-
AR dAAQ s Ayl dig AHE HgF
739 dge HEFFo] 300um o]slolA= FAIH
T 223 A8AE I wEA] B Ay
qA= F3tE71E ol &3t 2kgd 4G Fo=2
AEG AUE FHITAL A|HT FYst =A
o] B4 BFEE vudted Fo3 938 FA &
ples ik A=

B A AS BE AHAA o] dojve
HAddle FFHLE F7HA FE 3 Fdo] EAl
3ol v A FdS Hertzian fracture2A &
g o 213 A4 315 (point loading)Al & AR
o]z 938 ) 54 (well defined ring and cone frac-
ture)o] dojubEH, ©]= Johnson 5] 4%
Hertz theoryoll 213 21 2.2 indentorst A3 A1H 3t
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o @AAFY Aolg Yehlle @4 HZF(elastic
contact)ell 2@ FHolth. WA FAe HAEL
1mm/minA & 3+ (low velocity loading)ell <%t &
3 ¥4 (flexural fracture) 2 A8 & F gl=tl, o] A
< A% Fo Q) =AL F3Ho ERde
AZHol 7teA R, olF FUIHAH AE(biaxial
rupture test specimen)ol A} 22 ofdo] dojut
= ol

£ YA Empress =4 A1H #2HA] 71t
(heat pressing) ¥ tt& €A, & layeringelt}
staining, glazing?ll 2= A& oA @it
Dong $2-& th&#e] 9574 (leucite) ZF 3 #&] 7|
Az FAHE oA =AY o A9 =t
7t s Bl SvkE 3, B3 3 55 ¢4
< 98 FvkEe @A AHAA BE o S
E Aoz ¥ngrt w3 [PS-Empressl e 371
A Az Ao EHZATTL R freld
oA GBFATIE & WFAo] ZeEx, E3F
AF7t @i oz i FYEEs E S| &
29 #2E8 e AWy ARHES A ¥EF
Wztel e B Wzt 8 A ME £
g2 ¥=E fT3E f71E A JA BEe
¥ 4580 HHn, EYAASTT & 3R
Z2A ¢to e WAME Ao WAs|o] 274
= F 8ol 2FL o|F} HFAHoE BxE
7 7e Fa% 98-S 29 Aoz Bad
Aoys# . wekx] AA) FRF =B AFA] AR
A He @A $FE Algstd £ A g
FIFHET 22 o ZEE vER Feolt

19924, Pribster’™€ A2 F7HA] A =A#
A E(In-Ceram, [PS-Empress)S &< =
AzZeld 3 F 4 AEE S B A9, s
Ho)A In-Cerame] 964.3N, IPS-Empress7t
814.IN2 2 F Al2d 1ol BAISA foide |l
Ren deAHe duz 23" X g
o] & YA Bk A& AEE LHT F AU
& dAE} ol IPS-Empress WA S 412bet
silaned 2] 3 ¥ o] 53} 2 #F oz P
Wi 71AAQ #AE TRt YE2RE 24
He 7o dE AgE e 371 dEolAch.

AY A =A) WAL AR} Jopde] §
A A7 F ol 3% #8(dentin bonding pro-



cedure)°] F&E A9 4 ol o & JFE
e A& ¢ F I Groten} Pitbsters] A g*
XM= IPS-Empress AF =AFHE 28 tholdj
T W o2 Has A thold] #7140 BH
A& Y3 AL 9 Aol A 28] 71 81
Aoka Bagh v gick, Adoldze] Aol o] Fof
A8 FAE el AAA L = BYH AUlA §
4 e 284S AANE F AT, & 544
T8 vlg) AL Ax] PFPPo] Wadn G
shoulder, chamfer, =¥ knife edge @ Ej2} n}7a]
A & =A GudlolEE 3 AA P /A}
g Hidom FESITha .o, o]t v 4
He 543 HAEY 3 A S A3 &
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ABSTRACT

THE EFFECT OF SURFACE TREATMENT ON FRACTURE
STRENGTH OF DENTAL CERAMICS

Shin-Won Lee, D.D.S., Sun-Hyung Lee, D.D.S., M.S.D., Ph.D.
Jae-Ho Yang, D.D.S., M.S.D., Ph. D., Hun-Young Chung, D.D.S., M.S.D,, Ph.D.

Department of prosthodontics, Gollege of Dentz'stry,' Seoul National University

The major influencing factors on the strength of all-ceramic crowns are types of dental
ceramics, fabrication techniques, methods of abutment preparation and cementation modes of all-
ceramic restorations. Zinc phosphate cement and glass-ionomer cement were used as an early lut-
ing media for all-ceramic crowns. Recently many studies have reported that resin cements have
more advantages in increasing the fracture strength of restorations comparing with zincphosphate
cement and glass-ionomer cement.

The purpose of this-study is to investigate the effect of etching, silane treatment, sandblasting
and dentin bonding agents on fracture strengths of dental ceramics.

40 flat dentin specimens and 40 ceramic discs of 1.5mm thickness and 8mm diameter were fab-
ricated, and divided into 4 groups according to surface treatments. Surface treatments before cemen-
tation were as follows.

Group | @ (ceramic) : HF etching - silane treatment - application of bonding resin

(dentin) : application of dentin bonding agent
Group 1 : (ceramic) : sandblasting - application of bonding resin
(dentin) : application of dentin bonding agent
Group I : (ceramic) : application of bonding resin
(dentin) : application of dentin bonding agent
Group IV : (ceramic) : HF etching - silane treatment - application of bonding resin
(dentin) : no dentin bonding procedure

Dentin specimens and ceramic discs were cemented with dual cure resin cement, and went through
thermocycling. Compressive stress es were loaded on the centers of ceramic discs with Instron test-
ing machine, and fracture strengths resista’ nce for catastrophic fracture were measured The results
were as follows.
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1. The group [ showed the highest fracture resistance. The next was group I. And group I, IV
followed.

2. There was a significant difference in the mean value of fracture strengths between group I and
group I (p¢0.05), but no significant differences between group 1 and group 1, and group 1
and group I (p»0.05).

3. There was a significant difference in the mean value of fracture strengths between group I and
group IV (p{0.05).

Key words : All-ceramic restoration, HF etching, Silane, Resin cement, Dentin bonding agent
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