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ABSTRACT

Effect of Surface Roughness on the Mechanical Properties
of Ceramic—Polymer Blocks for CAD/CAM Dental Restoration

Seong Ki Son D.D.S., Ms.D.
Advisor : Prof. Ko Yeong—Mu D.D.S., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

The ideal dental restoration is replacing lost tooth by a restorative
material whose properties are similar to a natural tooth. As the aesthetic
demands increase, in addition, ceramics are widely used as dental
restorative materials because of their natural appearance, color stability,
chemical stability, good mechanical properties and excel lent
biocompatibility.

CAD/CAM technology has been introduced in dentistry 3 decades ago and is
rapidly becoming popular. It reduces the number of clinical sessions and
increased quality in a shorter period of time. Furthermore, allows to extend
the use of ceramics with various composition.

Ceramic dental CAD/CAM blocks, however, still experience a relatively high
failure chipping due to the inherent brittleness. Excessive wear of the
opposing teeth is potential hazard due to the high hardness.

Ceramic/polymer composite blocks, namely hybrid ceramics or resin
nanoceramics have been introduced to the market recently. They improved the
machinability and edge stability. They are easier to operate and repair if
necessary. When occlusal adjustment of restoration materials is required at
the time of insertion, it is not easy to achieve a surface smoothness by
polishing with hand piece as compared to the glazed surface. However, some

studies have reported that mechanical polishing can produce equally smooth
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or smoother surfaces, as compared to glazing. When a ceramic restoration
having a surface flaw is placed in the mouth, fracture can occur even it is
not subjected to excessive occlusal loading through slow crack growth.
Moisture may hasten this process. Therefore, polishing the restoration after
occlusal adjustment may be an important factor of the mechanical properties
of the ceramic restorations.

Composite resin restorations have been extensively reported to degrade
over time by pH change and salivary enzymes. Water diffusion through the
polymer chains and boundaries with fillers can occur the hydrolytic
deterioration. |Initially, this process would affect surface properties,
however, as time goes by, it also interferes with the bulk mechanical
properties, compromising the long-term durability of the restoration.

In this study, the effect of surface roughness on the mechanical
properties for two different microstructured dental ceramic/polymer CAD/CAM
blocks, commercially available Polyglass (Vericom, Korea) and Enamic (Vita,
Germany). They were cut into (4.0x1.2x17.0) mm to measure the flexural
strength and into (3.0x4.0x17.0) mm to determine the fracture toughness
according to ISO 6872. Weibull characteristics and elastic moduli were
calculated. Surface roughness was determined using atomic force microscope.

When polished with 6 pum diamond paste after grinding, the arithmetic mean
roughness decreased to 46.64~48.62%, ten point height decreased to
67.80~69.02%, and the arithmetic mean roughness after polishing with 1 um
diamond paste was 12.51~21.61 %, ten point height decreased to 15.94~18.52%.

The stress-strain curves under the flexural load showed that the strain
was linearly increased and then destroyed regardless of the surface
roughness of both Polyglass and Enamel as the stress was increased.

Polyglass showed higher flexural strength than Enamic in all surface
roughness, and there was a significant difference between groups 1 and 3
(p<0.05). Polyglass showed the highest flexural strength at 136.31+£7.23 MPa
at P3, which was significantly higher than P1 and P2 (p <0.05) as the

surface roughness decreased. Regarding Enamic, E2 showed a significantly
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higher bending strength (117.684+7.35 MPa) than E1 (p <0.05), but E3 showed
117.15+11.18 MPa similar to E2.

Weibul|l characteristic strength representing 63.21% probability of
breakage was increased as the surface roughness decreased. Polyglass showed
higher value than Enamic. The maxima values of Polyglass and Enamic were
139.60 MPa for P3 and 121.96 MPa for E3. Enamic exhibited higher Weibul
moduli (12.724+0.52~19.01+0.67) than those of Polyglass (19.52+0.64 ~ 22.46
+0.89).

The elastic modulus of Enamic was significantly higher than that of
polyglass (p<0.05). As the surface roughness decreased, the elastic modulus
of both enamel and polyglass was increased to 7.0+0.4 GPa at E3, P3 showed
a maximum modulus of elasticity of 5.1+£0.8 GPa.

The fracture toughness evaluated by single-edged V notch beam method was
higher than that of the enamel at the same surface roughness, but there was
no significant difference (p>0.05). As the surface roughness decreased, the
enamics showed a negative correlation with increasing fracture toughness at
both Polyglass and Enamic. The maximum toughness of Enamic was 1.51+0.21
MPa+ym at E3 and the maximum at 1.84+0.6 MPaym at P3.

Keywords : Dental restoration, CAD/CAM, Block, Ceramic, Composite resin,
Sur face roughness, Strength, Weibull analysis, Fracture toughness
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CAD/CAM D= 19779 Youngdt AltschulerOl 2ol ==2 X0l = EIUCH.
28 HA=SIIE 0l8ot 22U Dele Z=H K& AIAE (intraoral grid surface
mapping system)= JHZSt 2d0ICH (Liu, 2005). Ol= Mormannit BrandestiniJt
CEREC (Chairside Economical Restorations of Esthetic Ceramics) AIAES JHE
StOl XU 22H2Z AFZE I AIXGHACH (Miyazaki S, 2009).

CAD/CAM D=2 Xt =282 US| ftiAdes AMYRH ISR & SHO0
N MZst MO ZR6t0, &M CEREC AIAEE 4AMUNX 2D U2,
Procera, DCS Precident, Cercon, Lava, ZenoTec, Everest, CeraSys, Wol-Ceram,
DenZir, DentaCAD, etkon, TurboDent, Kataba S2| Ct2rSt CAD/CAM AIAESOl Al
Moz de|l MEE 1D UCH (Liu, 2005).

CAD/CAMZ HMIZA2 J[2t01 BOtM Xt =& =1, I X

2ot MEHI=0l JMEOIN, L2 = N3
2 UCH. L&t lEC I8 HPoxz= AME0l He E)tsHE HE=2 CAD/CAM
JlE2e dH AE2E = UA ZACH. MAHA s 2P Z 14412101 42L& HA
InCeram == 22 CAD/CAM D=2 202 WOl L2510, 402~4A12H01 |2l 25
HECZ MALE = U=z A0l CHEZQ GIOICH OIEA Mt HEE A AIE

roll

m
Jm

X
mio
S

=
=

SIS = X =520 IFSHFCH (Miyazaki &,

2009). S8, CAD/CAM2Z HMZESH =22 20l MEZH UM ZRF 3=
SLet =22 A OUAl 2t = Ule EEE U

OlaE X == A= &&E X0E 7= ¥ 240l 7RAE M2

Mol= A0l =eldtiH, Sal A& e 2401 =0tXNHA MIUESL 3het

& W40l =& = OtLlct, XAXIOI2 MEIF KFASH MY =29 =2

Jb 3A &ototd UCH (Albero S, 2015; Miyazaki , 2009; Nguyen S, 2012;

Ruse®} Sadoun, 2014; Zahran S, 2008). olXI8t Aletel2 A (brittleness)?
DEXN SHAHZ =38 S0 XE (chipping) & = ULH, L& A2 U=

= RUCH
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Ct (Spitznagel S, 2014; Coldea S, 2013; He®F Swain, 2011; Nguyen S, 2014).
Mlcte! CAD/CAM E=2 & HES H (bur)2 =ICH 100 E=0 JIE2E 2= A=dl

HIgH, AMc2te-102XF CAD/CAM S=2 10004 Ol4 Ji88 HE=2Z Jt340 HoL
O, XNIZE &N XCHD StCh (HeQk Swain, 2011 Tsitrou S, 2007).

XNt =22 W 2FO0| 2 M HicoAZ EZHS AOE (polishing)otH
=2dI01& (glazing) EHECH HEO XD, 2I201& (reglazing)ot® H0rst A
Bl B X (

surface roughness)S M ZAAZ = QUCLD LHAM JA2LE
(Brewer S, 1990; Chu S, 2000; Fuzzi S, 1996), HOtetez &
bOSAGHEALE, O HAEH H¥E2 Mg =& Ubs o947 20 Jh
(Nakamura &, 2010; Tholt S, 2006; Wright
OO Z2& (flaw)0l U= Metd =2
oo L& Zg HFO0I XM 2K Mg = UCH (Rodrigues S, 2008).
Olet 22 JIA 2= 20T ER I=2
= AJ| M2l (Lohbauer S, 2008; White, 1993), W&
= o & U e ZLE RA0ICH (Bollen
= e Ziterol et & W =20 24
DEXN HHE Soff 2=ot0 Aol et 22X J1E0l I 2 =4

HZ0l 8850 DEXNIF JtASE (plasticizing)ElHA 2401 XMat

10
tu
(o g
J
1Ho
=2
&
H
ro
£
oo
Jy
=
J
i
>
bl

ol

i
20
[ml
N
]

Ct (Ferracane, 2006). Oleist WA pH B1&F (Bagheri S, 2007), EIY S4&
(Jaffer S, 2002) ¥ &% (Ferracane, 1994; Groger S, 2006; Ortengren S,
2001) & #& W =20 g2 e=t

MHetel-D&Xt CAD/CAM ==& Paradigm MZ100 (3M ESPE, Ol=)0] = E SAIE
HZ0I0, 0l2 SAISt HMIE22 Polyglass (HI2I2, =)0t JACH. £ TOE M2
2 DX HE Mty 24 (polymer—infiltrated-ceramic network) xS 2=
Enamic (Vita, S2)0l A=d, 0% FANS2 &M Y S22 Ot ASCe=2
SAE A2 QlLt. 0ldet & JHXl MS2 0IM=220t gcetd M2 O JIAHA
S48 2A=lle A0l 22 BOLUCH (HSEH, 2017)

2 dF0ME D=k HESAN Mt ZHIt 2atE R2ZE 2t= CAD/CAM
HZL At HEHAN DEXNE FFA #XE 2= CAD/CAM M3 HH
XEE HIAIDIBEA =23223%, A01E S22 & A=, B4, IH1d S92
JIAE 240 0IXl= S¢S 7ot ofUC
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Fig. 10il LtEtHH dDF 2101 && CAD/CAM ==¢Ql Polyglass (HI2l3, &=2)2
Enamic (Vita, =)o & JtX HMEZ ArEotQUCH. Slicing machine (&4&3
H, =)= 01856t (4.0x2.1x17.0) mm & (3.0x4.0x17.0) mm2 S JtX
Jl2 ZEA(cutting)8t =0, grinding machine (HRG 150, OIOIYEHIIA==ZX, &
=2)2=2 JiZ2(grinding)otd, lapping machine (SPL-15, Grind-X, Okamoto,
Japan)2 OIE5td 6 um2 1 umel CHOIOIRES HOIAEZ =XEo=Z A0}
(polishing)otd 30t HEHAGE 2t= AlHEZ NMEOIUCH HSE L AIE ZH

20l el 4822 Table 10l LIEHH 1 20| EFotRULH
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Fig. 20il LIEFH Atomic Force Microscope (XE-100, IHAAIAEA &H=2)

=222d%T = S0 6872:2015 Dentistry — Ceramic materialsOl (2t Fig. 30 LF

EbH 240F 20| BtsAIE D] (3366, Instron, USA)S 0I=dt0 span 12 mm2 XXl
O =20 MBS 241, 1.0 m/min £&2 5t=2 It = =2 2

= 4
B = Off A (1)Z 38 BRACES HGHALH

o = 3PL / 2bh? (1)
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OIIN, o= 222% (MPa), P= =Ml ot= (N), LS span 20! (mm), b2t h

= 2128 AlE2 =0 S (mm)OICt.

252 20|22 42 IS0 68722 Annex B. Weibull statisticsOl el Al

L. =2322% HOIEE EXNE2Z FHIotH &RIE 2] =0l Oted 4

HIIA, P MAEE0L, = 2EXN=22 Hgt =2, N2 AlE2 JH==0l

Ct.
Otch A (3)e=z22H 22A0I=2 H= (modulus) mit SHELEE FSHRULCEH.
InIn[(1/1-P)] =m In 0 + b (3)

=

pu
0x
M0
i

ct.

422 SO0 13061-4:2014 Physical and mechanical properties of wood -

[ )

Test methods for small clear wood specimens — Part 4: Determination of
modulus of elasticity in static bending®l 2t 2 2AIECZ B2 SE-HAH=
2NHOZLH Ol A (4)2 HAGHHLE.

E =PL% / 4bh% (4)

JIM, E= EtHE (MPa), P= =04 &FE (N), LS span 201 (mm), b2t h=
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I eIdE IS0 687221 Annex A. Fracture toughnessOl M2t & OIXl Vi

8l (single—edge V-notch beam) 2fHO2 =HGIHCH (IS0 23146). CHOIOt=E &
(wheel )t HIOIAEZ ol€st0d 20/9F 0.8~1.2 mmOl1l, =EEtA0l 30° 0l5t2!
LXE e &, LIt OleHEZEES Stolt=2 BHsAIED] (3366, Instron, USA)S
XXICH <0 4=, 0.5 mm/minS =2 GI=ES Jt6t0 =0 ot=S Re =
Otch Al (5)2 MCIES HAGHEC
Kie=[FS By a)Y 1/ [ (byw) w2(l-a)¥?] (5)

OIIM, Ke= TACIA (MPavm), F= ZIO1 3= (MN), S= span 201 (m), a

= =X9 AW 20], Y= SHEUHEAH S, b2t we 22 AIEHS Z0F SH (m)

OICt.

LXo &0 20l= 33 EHSH A0IZ2FH Ot A (6)2t 201 HAHSGHALCE.

10

[(ai + a» + as)/3] / w (6)

Q
1l

o

010

==
==

Jur

e &l ==

rr

Ofef &l (7)2t 201 HAHGHALCE.

0

Y = 1.9109-5. 1552 a.+12.6880 a.*~19.5736 . *+15.9377 0.*-5. 1454 o (7)

M 22l DA 24 SHA |Ade2 |2A+E 0.0500M 2424 (ANOVA)

Hex=2 t-2& (paired t-test)otH L.

0

bl
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Table 1. Experimental groups of each block according to surface treatment

Group Product Surface treatment
El Enamic grinding only
P1 Polyglass grinding only
E2 Enamic polishing with 6 pm diamond paste

subsequent to grinding

polishing with 6 pym diamond paste

& Polyglass subsequent to grinding

E3 Enamic polishing with 1 pym after 6 pm diamond
paste subsequent to grinding

P3 Polyglass polishing with 1 pym after 6 um diamond

paste subsequent to grinding
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VITA ENAMIC
Innovative hybrid cerami

(b)

Fig. 1. Commercial CAD/CAM blocks used in this study
(a) Polyglass and (b) Enamic.
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Fig. 2. Atomic force microscope for surface roughness measurement.

Fig. 3. Determination of 3-point bending strength and fracture toughness.

Collection @ chosun



Atomic Force Microscopel = Z&st HEHZ2 Fig. 42 220, 0|22
ZIH HEII(R) 2 A="ZF HEI|(R)E Table 20 LIEILHACH. It=
CIOIOt2E HIOIAE=Z HOIGHH Ar=EH7 HEI|l= 46.64~48.62%2 2

CtoF, 1 umQ CHOIOI2E HIOIAE

Ch HEDJl= 67.80~69.02%= 22405t
2le =82 HEIII 12.51~21.61%=2 225t10, = HEIl= 15.94~18.52%
£ ZA0HATH

=3 o= oliAS SE-HEE IHS Fig. 50l LIEHLHRACE. S&01 SIHEHO
Ctek Polyglass@t Enamic @ HHZIGH A2810] HE0| NEFHZ SIS
ot M= 2asS LIEHHRUC

Fig. 52 S-HEg SHdo=22H IuE Mo 2l SEo22RH 238EE
HABHH Fig. 601 LIEIHLHAUCH. 2E HEHXZOAM Polyglass)t Enamic2CH =2
Z2LEE UEHUHJASH, 120 3Z20M= |8 XH0IDF UJULCH (p<0.05).
Polyglass= HEHIZEIF 2480 et 222 SIOtotd P3OIA 136.31+7.23
MPaSl =0 =232EE UALCH

LIEHHRALO, Ol P12 P20 =2otH =
2

(p<0.05). Enamic2 E2= E1ECH RSHH =2 117.68+7.35 MPall ==22&E
7

LIEFLHASLE (p<0.05), E3= E22t R ALSH 11
2t0l2 SHZAGIH =2=2EE DHASHEN et SAS6HH Fi
UCH. Table 30 LIEtH 23 201, DHUEE
HHZTUHA Polyglassdt Enamic2C =& gt UEHUHR/Y LD, HHEX
= 2

of et mA=E0l 63.21%2 2A01=

OII

.15+£11.18 MPaS LIEHLHALE.

A2 ETIF ZIIelH Polyglass= P32t

139.60 MPaZ =IHgt=, Enamic E3JF 121.96 MPazZ ZI(HZt= LIEHLHALCE.
=2324T9 0|2 BEE Fig. 80 LIEHHALCH. HEIHR2AGIH JISI2E
B & 202 HEZE Table 30 LIEFWHA =0, Polyglassot (19.5240.64)~

(22.46+0.89)2 Enamicel (12.72+£0.52)~(19.01+0.67)2Ct =2 U=
Ct.

p<0.05), BEHZITII 2480l et Enamiclt Polyglass
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20| 3Itot E3UAM 7.0+0.4 GPagz =0 EFY=Z2 UEILHA} LD, P3UA 5.1+

0.8 GPaZ ZIf &L ES LIEHLHRAULCE.

¢ X VeXl & oz EFE OtuI8S Fig. 100 LIEHLHRUCE.
@2 HEHHA2L RoXt=

p>0.05). ZA80l et Enamict Polyglass 25 W Q1A O]

= 39 &2 ZHE UEHWHO Enamic2 E30IA 1.51+£0.21 MPav mZ = CHat

olyglass= P30IIA 1.84+0.6 MPaym=Z =IO MUIAHS LIEHHRAUCH.
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Fig. 4 AFM photographs of each groups.
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Table 2. Measured surface roughness of the experimental groups

(unit : um)
R,
Group Min. Median Max.
um % pum %
El 0.769 1.521 2.272 0.263 100 1.500 100
E2 -0.105 0.430 0.965 0.123 46.64 1.035 69.02
E3 0.255 0.398 0.542 0.033 1251 0.278 18.52
P1 -0.396 1.335 3.066 0.362 100 3.314 100
P2 -0.963 0.180 1.323 0.176 48.62 2.247 67.80
P3 0.142 0.408 0.673 0.078 2161 0.528 15.94
- ’|2 -
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Fig. 5. Typical stress-strain curves under flexural loading
for (a) Polyglass and (b) Enamic.
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Fig. 6. Flexural strengths determined by three-point bending test.
* denote a significant difference between Polyglass and Enamic (p<0.05),
a, b, c represent significant difference between 1 and 2, 2 and 3,
and 3 and 1, respectively (p<0.05).
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Fig. 7. Probabilities of fracture according to the flexural strength.

_14_

Collection @ chosun



2
2|
.
1k . ¥
%z
4 T
o oL
= 3 =
[ % o
<l A oAl
= & =
=2 o 2 = 2F
= B o %
c -
- //‘/ 3 -
Eyn .
/
/ 4
4+ / [
I 1 1 1 1 1 I 5 1 1 1 1 ! | 1
450 455 460 465 470 475 480 485 490 445 450 455 460 465 470 475 480 485
Inc (MPa) In ¢ (MPa)
2 2
1k L
ol
ol
= ,L =
a o 4L
- "
= hal
=’ =
£ s 2F
< 4L =
3l
4
o
4 |
5 1 1 L 1 1 - | L | L {
460 465 470 475 4.80 485 4.90 460 465 270 275 2.80 485 200
In ¢ (MPa) In ¢ (MPa)
2 2
1F 1+
of ol
o 1fF nl_‘ Ak
= <
= 2r =,
= = 2|
c =
el [
= 4L £
3|
atb o,
4 .
5 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1
470 475 480 485 490 495 500 505 450 455 460 4.65 470 475 480 485 490 495 5.00
In 6 (MPa) In 6 (MPa)

P3 E3

Fig. 8. Weibull distribution of flexural strengths.

_15_

Collection @ chosun



Table 3. Weibull modulus and characteristic strength

Weibull characteristic

Group Weibull modulus (m) strength (G6321%)
El 17.88+0.66 108.42
E2 19.01+0.67 121.01
E3 12.72+0.52 121.96
P1 19.52+0.64 121.25
P2 22.10+0.67 122.14
P3 22.46+0.89 139.60
- 16 -
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Table 4. Flexural

strength, elastic modulus and fracture toughness

Group Flexur(al\llI ;;;ength EIastic(:Gr:;dulus t;:zcl::::; .
(MPavm)

El 105.26+7.05 3.91+0.28 1.35+0.36
E2 117.68+7.36 4.40+0.19 1.49+0.36
E3 117.15+11.18 7.00+0.40 1.51+0.21
P1 117.99+7.03 3.13+0.11 1.59+0.72
P2 119.22+6.52 3.17+0.09 1.67+0.68
P3 136.31+7.23 5.10+0.80 1.84+0.60
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Fig. 9. Elastic moduli determined by stress-strain curves.
* denote a significant difference between Polyglass and Enamic (p<0.05),
a, b, c represent significant difference between 1 and 2, 2 and 3,
and 3 and 1, respectively (p<0.05).
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Fig. 10. Fracture toughness evaluated by single-edge V-notch beam method.
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ASAXl= OHIIEIOIEIL 70%E XtKXots E©Ed Ve &0tE0 RE0I
(Zaslansky &, 2010), HEHZ OHIIEIOIEDL 96%= O SHEHOHH A3 St
A2 20 ACH (Petrini S, 2013). Metd &4&& XHX= OHIIEIOIEZ
t= A0l OI&XOIXIEH OHIIEIOIERt O 2= wEEs ACJIN JIAHE =
HIE JUOAM, Ol atstd £d 2 =2d0l FAEH A2t W=D =
Mez JIU=Et At ssd =24l

1> 0
Jooor |J

fir - H
=
o

ol

M OZSAE FOILIXIS MT DFO| =Fotn 22
SIACH GIXISH, X0t S8t JISS 3=ots GOl SHEckX 2D, &0l =
S Aot B LOIKIBIA N2t +=20 st 27t 3H Soteta U

Mt THes =282z AEH0N FHAohA A S2EHUHA HEH

Ol MAHEIDJ| #2204 (Chen S, 1999), L& HE =0 gt=F0l =52 2
AIHE0l SIHE £ UCH (Cai S, 1994; Myers S, 1994; White S, 1995).

2 AMN0A AIHSH T2l Aty Act2e g 20 xJ| 282 20AM
(Anusavice, 1992; Harvey®t Kelly, 1996; Kelly, 1995; Kelly &, 1990), HIZf
HFO =HEEI =52 U724 BN e =28 2001 €.t (Lehner &,
1997; Proebster, 1996; Scotti &, 1995). M&E NIFOUAM O0DIEH= 2HMe
CAD/CAM AIAEI0l SYEHA 2= = UA =HO Mt ME=  CEREC
(Chairside Economical Restorations of Esthetic Ceramics)2&2 WOHEEE=
CAD/CAM AIAESSl =4&01 ZIRACH (Shenoy@t Shenoy, 2010).

Nete-D21 Setiiss 5000E 82H InE ZEXN dEA2Z2 AELI| Al

=
A
2 e

> mn
=

Ao, TEA IR S4=2 d& JIE, e &, g ¥ 20|12 AHH
HetHd S0 gsts ge=Ck. A& JIEE2  x=J|19  bis-phenol A-glycidyl

s
methacrylate (BisGMA)OIA 2 Bi3IDF = BHH, " LS HEo6IH FEA
diXol 2182 JI=0l HJACH (Ferracane, 2011). ZEXR &2 H (bur) & Al
EZ Z[CH 10002 LS (milling)0l 2t | "loi 10094 Ol
A2 XE (chipping) 8101 JtE& == UL, L3 = A2 QI glel, 3%
b SOtM MEAlI CHEFXI2l WCH Ot E 2XE = UCk= EFEHO0l A0 A CAD/CAM

E202¢ MEC/UCH (He2t Swain, 2011; Tsitrou
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1 EAGALH. =UHOHIME A MIS2=2 HiclZ2 Polyglasset Mazi
SN S LAUAM AFESHD UCEH VitallAd= InCeramdt A
Mlete 220ILt TSBME et
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Lol E HEHe =
olg ZEX &0, SO SESHHA R0 o]
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=A0| ZAUACH (Freilich 1998; Goldberg®t Burstone, 1992; Kallio &,
2001; Rosentritt &, 1998; Sewon &, 2000; Vallittu, 1999; Vallittu®t
Sevelius, 2000).

ZEX Ao 242 HIHS=Z AlZtol Wmet MStE0 (Ferracane, 2006;
Ferracane S, 1992), Ol= dlde |RS&E2 & ol & OIM ?= (Ferracane,
2006; Sideridou S, 2003) ¥ Zfol =4, , HIE®A (Ferracane, 2006;
Kalachandra, 1989)0i 2/&StCH. ZEX &9 oAM= EFHO 2fof S
Stel HEH3S ROl MASHH =2 HUXIE = HHEZ &
JEAIZ1D] 2ok =X XMelstCt (Rodrigues Jr. S, 2009). =X X2l &dls =Y
A0 Bt FER diXe 2N IS 0IXIAH &0 (Bonstein S, 2005;
Bouschlicher &, 1997).

CAD/CAM2 2 NI&SH Me2ts =22 50~60 um LA 3JI12 CHolot=E AHOt
LAt DEE H2 IBoHAM =D =2 HHE XEE UEHHA (Flurry S,
2012) OFRe2l = 0t Sl 2H &5 YHO0F s, 2 XTI =09
HAO| ZItot2 (Yilmaz S, 2008), XI& =0l Z&ZH (Bollen S, 1997;
Kawai S, 2000), CHEXIQl OIRE BJtAI2l= (Al-Wahadni?t Martin, 1999;
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Heintze S, 2008) S 2Bt Oo=Z Aetglel 2&0 23 X2l =20l
Ct (De Jager S, 2000; F , 2003; Griggs S, 1996; Nakamura S, 2010).
Metelol OtRels EH=S O Ol= =0l =H0It

= = A =2
I == UCH (Giordano
S, 1995; Guazzato S, 2005; Johnson-Walls &, 1986; Williamson S, 1996).
Metd 83 20l === H0toltd t&¥ols A2 daHCZ 2y sS M T
A4St XWE Mol EH EXEIF HRAL/JUCH (Bessingdt Wiktorsson, 1983;
Hulterstromzt Bergman, 1993; Jung, 2002; Martinez-Gomis <, 2003; Schlissel

JA
1%
0o
Ul
=

A

ol

=2
=

= Hr og WM
o 0

4

S, 1980)

2 HAF0M= Mete-D=X CAD/CAM == NS¢l Polyglass@t Enamic= CH&
oz FAMJtESt 20 6 umet 1 ume CHOIOt2E HIOIAEZ HDFSH 30HKIC] H
HAXEE = ANBES HALZ JIHAE 2ds SHoIH 28 2&% JIAHAAE =4
O 2AHE AYGHLA SIALH. JIHE 242 IS0 =81 H&E #2320 Oet ==&
T, 20IE HS L E4 2L, s, WUANHES SHGIUCH

AEOl EHES Atomic Force Microscope22 &G0 = HEDI| (R) 2 At
Ha HED| (R)E SHoIRUCH. EAIIES & 6 pume CHOIOL2E HIOIAEZ A0t
ot M=EH7F HEI|l= 46.64~48.62%=2 2A0tD, = HEII= 67.80~69.02%
2 ZAGHJ[CHIH, 1 pme OOI0t2E HOIAE=Z HOtotH dt=d7 HEI|It
12.51~21.61%2 &2A06td, =M HEI|l= 15.94~18.52%=2 2 A06HALE.

=234 = MBS (4.0x1.2x17.0) mme 2AJ|2 HAESH =, span 202 12

0
mmZ ot 3& =3LEE
otod majeldol &

OlA = £ Ae HE2F 20| Polyglass®t Enamic 25 S=0| SIOHEN et
Ol Moz SItetChot S = Mt e EAMst HSE
SIIZRH AH&s SHHE2 Fig. 90 UHEIUWU=0, L E
EtHd 20| Polyglass2Ct R2IGHH =% (p<0.05), HEHX
Enamicdt Polyglass 25 E&E0l SJlot= 32 &2tz
7.0+0.4 GPa%t P30IM 5.1£0.8 GPaZ =Z=Ugt= UEIHACH. SEM=
MMECE MHESEAN O 2AESH)| ME0l Enamicl SAE

2 A0lctl 8 =+ UL $#EdE0 =28 240l =0t

I — L

ZNGIUCH H2te-DEX SSHR0122 4
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x og
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T2 (Ausiello &, 2004; Ichim &, 2007) =CH 1031 N
= PX2 W (Esquivel-Upshaw S, 2004; Helkimo &, 1977; Waltimo
@t Kononen, 1993; Waltimo &, 1993)2% ¢QIst BIEN st M&0|l =O0t&ICH
(Flurry S, 2012). & HAR0AM =& S22 F&8H S S$HEE 66 ~ 67
GPa (Borba S, 2011), Mark 112 57.2 GPa (Coldea S, 2013), WM 92| 57.15 GPa
(Coldea S, 2013), e.max2 69.29 GPa (Seghi =, 1995)2 79.75 GPa (Coldea
S, 2013), L20/Lt2l 211.83 GPa (Coldea &, 2013), XIZ32LI0O2 184.21 GPa
(Coldea S, 2013)1F 400 GPa 0I5t (Dirxen S, 2013) 2Ct= R %D, HEA
&Sl 9~20 GPa (Quinndt Quinn, 2010; Ferracane, 2011; Nguyen &, 2012), 17
GPa OIdt (Dirxen S, 2013), 21~25 GPa (Rodrigues Jr S, 2008)2 =ASt gt0l
Ch. XteXIel St 22 &0E0l 16.0~20.3 GPa (Coldea S, 2013)Z 25 GPa Ol
ot (Hayashi S, 2010; Plotino S, 2007; Vieira S, 2012)0l1), H&E &2 48.0~
105.5 GPa (Coldea &, 2013)1t 94 GPa (Bechtle S, 2012; Ghavamnasiri &,

1]
UHAN 2 AWM =&st Enamict Polyglasse EtEE2

2007)0l2t) B 0% 0
25 NAHXIQ S S2CH LU,

222UACE=E 25 EHIT0WHA Polyglassdt EnamicE2CH 22 Helotnes {9
ol =2 232AEE UEUHACH (p<0.05). 2& EHXZ0UHAM Polyglasse HH

ﬁ

&I ZAEN el 22L&t Sitotes 282 A4ZAAE UEIUHYR2H, 0
JIEN 2HE AR B0%5 XS0 (Guazzato S, 2004; Lohbauer S, 2008;
Nakamura &, 2010; Sato &, 2008). 90iotH HH ZREO| WG & OfLlet
(Giordano S, 1995) HH0 2= S Z&0| LM JIHE 280 M2 O
g Z&2 0180 AN UCH (Pfeiffer2t Hollstein, 1997; Tuanit Kuo,
1998; Kosmac &, 1999). e, A0t T EH ZEIt Sototd =232 &0 2
A¥O= B0 JAD (Tuandt Kuo, 1998), F&EO0| Silt= BEN& UL (Liao S,
1997). Polyglass= P3UIAM 136.31+£7.23 MPall =tHgt2 LIEHHRA S
E20I A 117.68+7.35 MPa2l =ICHatS LIEtH = E30M= HIx&t gtS UEHUHAE
g, Ol 232d&= EH =& & Ol I8, DIA?E 838 & ZHW RS
ZE0 2I=56D| HEoletn M2AECH (Albakry &, 2004; De Jager S, 2000;
Flurry S, 2012). Enamic2 R H = 144.44 ~ 158.53 MPa (Coldea &, 2013)25H
=)A= Lava Ultimate2l 164.3+33.3 MPa2Ct =2 180.94+42.2 MPallct= 21
(Albero S, 2015)& USLl, 2 AHAR0AM= O0I2CH &N 2 = OfLlet,

tn

}, Enamic2

Hl

_22_

Collection @ chosun



Polyglass2CtE R 2= LIEIHUHRUCEH. & AFRUHAM =HS Polyglasse =2=2
C= W 99 121.6 MPa (Coldea S, 2013)2Ct =10, Mark 119 137.8+20.9 MPa
(Albero S, 2015; Coldea S, 2013)2 Hl=& 2, Empress® 146.94+20.2 MPa
(Albero S, 2015), e.max2l 271.6+64.7 MPa (Albero &, 2015)%t 344.05 MPa
(Coldea S, 2013), Z=20IL+2l 402.13 MPa (Coldea S, 2013)2t 488 MPa (Barba
S, 2011), XIZ2LI0OLS] 911 MPa (Barba =, 2011)1 1358.53 MPa (Coldea S,
2013)0l= &M DIXIXl RSHALE.
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OtM Z&2Q 2IIt &I M0 #E2X AZH0l =
Gonzaga S, 2011; Pittayachawan S, 2007). & 20N =SH& 20|
PolyglassJt 19.52+0.64 ~ 22.46+0.892 Enamicl 12.72+0.52 ~ 19.01+0.67
=}CH Ol =220t =28 =2 4012 H=sE UHHO=s JIE2
(Guazzato S, 2005; Kosmac S, 1999; Rodrigues S, 2009)%2t 2XI6t=

Ct. Enamic2 NI Z=ALOIA Lava Ultaimate2 132Ct =2 20012t HAlSHLD
L, J1&2 E0E 2t 20 (Coldea S, 2013), 20.19 (Lise &, 2014)2 Xl
MAlGEDE RAFSE 21001 Je=E BtH, 4,992 Lava Ultimatel 5.98 2ECHS:
(Albero S, 2015)= B1& UL, 8 HFUWAME Polyglass2CF &2

0.52~19.01£0.672 UEHLHA2H, Ol= X8 FEXR H&E0| & 1
(Dirxen &, 2013) % Lava UltimateOl 13.32 Olet= 2
St 2t0ICH. TS0 63.21%20 2012 4 2%
PolyglassJt EnamicE2CH =2 2= UEIHA =M, Ol= EnamicS 20|

Jb Mark 112 146.3 MPa & Empress®l 155.4 MPaECH =Ct (Albero
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22092 EnamicOl 197.2 MPaZ Lava UltimateQl 177.0 MPa2 Lt =C (Albero S,
2015)= J|&9 E1No= U2 20, EHXTDF 2480 et 202 E4

ZE0F BI16H Polyglass= P3JF 139.60 MPaZ X=ICHZt=, Enamice E3JF 121.96

0

MPaZ ZXE[CHat= LIEFLHRULCE.

Xt =22 M S0 200~ 1000 No| w0l QIItE o Agst S20] 24
ot Has Loz £ Q. 28 MO0l e MES mtueldoletn o6,
FE Mz2 BE UK & sE2 LIEIWEZ (Seghi S, 1995), Xt ==TH
ZE ANUM MEE M 2EE0 O SR8 JIHA 242 I -0IC (Bona
S, 2014). Mic2t2ol mMueldsS =Hote Y2 & oKl Vv =X & 28, 4
S& %X & (chevron notched beam) &, 0I5 HIE& double torsion) 2§,
chal oK A2 g

o
8l (single—edge precracked beam) g8, EH RE =22
(

i

(surface crack in flexure) &8, 0| @& &3 &= (double-cleavage—drilled
compression)®, &2l 2% (indentation strength)®, 22l 2 (indentation
fracture)s S CIYGICH (Coric S, 2016, Fischer2t Marx, 2002; Fischer &,
2008; Gong =, 2002; Gonzaga =, 2009, 2011; Kruzicit Ritchie, 2003; Kruzic
S, 2009; Lawnit Marshall, 1979; Lee2 Tomozawa, 1999; Lise =, 2014; Quinn
It Bradt, 2007; Rizkalla2t Jones, 2004; Rocha-Rangel, 2011; Sakar—Deliormanli
@t Guden, 2006; Scherrer &, 1998, 1999; Yana S, 2006). AIEHS| MZE} =F
0l E0lot0d L0l MM el AZSSXIC @I HAN RHEGCLD &
AN UL (Anstis S, 1981), & Xl V =X & LHEL =2 gtez 5FE
Ctd 2ed™d UCH (Aboushelib S, 2008; Nawa S, 1998; Tanaka S, 2002,
2003).

=M 2t2Z% Z8! (round robin) BItZ 1 JHE FEtot &=
A0l JAO0AM (ASTM C1421; 1SO 23146) = MIEZRAUMA F&ote g <2 o
A v =X 8 ggoltt. 2 A70Mes 2 MEEAFZE IS0 68722 Annex A
Fracture toughnessOll M2t AIBEES (3.0x4.0x17.0) mmQ 3AJI2 HMES& F,
span Z0lE 12 mmZ ot & 0Kl V =X & 2He=Z mMilds 53

=]

o 08
Ctolot=2E €1t HOIAEE Ol=ot 2019t 0.8~1.2 mmOl2, =EEtH0l 30°

0x
=)
30
0
=)
=
o

r

olgtel v X8 GtE =, =Xt OleHEBZ2 SStEZE span 201 12 mm2l Xl XICH
A0 sHA=1, 0.5 mm/mine EE2 otE=2 Jlotlh. 2 HAFUHAM SH& Ot
I THXEI S2& [ Polyglass)t EnamicE2CH =42 Lt |28 X0l gl
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b 2EA8H0l M2t Enamicdt Polyglass 25 IH Q1A 0|
AZZHE UEIHO Enamic2 E3UIA 1.51+0.21 MPavmZ = CHak
LIEHHRA D, Polyglass= P30IAl 1.84+0.6 MPaym=E =ICH MR QIS LIEHH
. Enamic2 MIZAF MIAIBE2 1.5 MPaym 0112, Lava Ultimate2l HMZEAF HIAl
2.02 MPa+/mOI04, X ZEA X WA 0.8 MPavm 0I5t (Ruse
@t Sadoun, 2014), 1.14+0.2 MPavym (Quinn2t Quinn, 2010), 1.3 ~ 1.5 MPa+vm
(Rodrigues S, 2008)0lct) B0EUCH XAHE = mAINEE2 0.67 ~0.72
MPaym (Gonzaga &, 2009)1t 0.9 ~ 1.56 MPaym (Morena S, 1986; Rizkalla%t
Jones, 2004), WM 92 0.82 ~0.96 MPaym (Coldea S, 2013), Mark |l& 2.27 ~
2.37 MPaym (Coldea S, 2013), e.max= 1~ 1.25 MPaym (Coldea S, 2013),
Empresse= 1.53+0.15 MPavm (Lise S, 2014), Empress 2= 3.3 MPaym (Bindl
S, 2006), L=20ILt= 3.64~3.73 MPavm (Coldea S, 2013), XIZ2LI0t= 4.94
~4.97 MPam (Coldea S, 2013)22 & HARWA =HSH S e.max2 Empresset
SAOIRUCH. TAX AOMEQ muelMde2 2.2 ~3.1 MPaym (Coldea S, 2013)14t

3.08 MPavm (El Mowafy2t Watts, 1986), HEE 2 0.7~1.37 MPaym (Vieira S,

J
)
&
o &
ke
e
P
H
J

S
ol
rr
olo
[¢]

(_|

£ 2 mo o 2

ro

2012)2F 0.6~ 1.5 MPavm (Coldea S, 2013)0I2tD) 2D E 0 Enamict Polyglass
OF HEAN SAGHUCEH.
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