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A Qe | 3 Fe CAD/CAME hybrid #EAE &3
Z (Cerasmart, GC, Japan; Lava Ultimate, 3M ESPE, USA; Mazic
Duro, Vericom, Korea)® 1 %9 hybrid HAFAE Azd EZ (Vita
Enamic, Vita, Germany)< 23S = 3}il, nanohybrid 33l
?l Filtek Z350 XT (3M ESPE, USA)& tixw o= dto] RHA R, =

A% % 34 tREE EYsark

iz

[t
=
)

FA 2me B A (N=25/n=5< F+H|3le] SiC AnpA|=Z <A}k
thg, v 72 mAd =7 (HMV-2; Shimadzu, Japan)oll A #< &2ah
4184N 35S 5 %3 71ete A4 E &S F4ste] Az o 1d

A% (VHN)E At i, 7 (37 T)oll A 543 A2 g A9 aged
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EWAEE SA Bttt F370 5 Sy (F 203 m x F

mn % Zo] 15+05mm) AlH (N=150/n=30)< <Hlst] WS
SIC AviAl &= dAnkst g5 AlH e 3 FAE HyojAgyre 54
o] 7]&39 k. vHs A g 7] (Instron 4465, USA) 3 A w#3AlE HA
(span Z°], L=12mme AHE A2sta 05 m/mine stsHE=2 AH
ol Btyd w7t Fs 7hete] =34 = MPa)E At ofAd
g groer Tz AHS OHSU 72 A3 A (Oregon Health
Science University Wear Simulator; Proto-tech, USA)ol| #=slo] 7
W RS FAREA A" v 3 Ad @8 247 G-D
Profilometer, MTS, USA)Z ulX Zlo]lE ZH3lo] v L& A7}
t}. Antagonist® A& 6 mm¢l ball-type steatite Alz}H S A3},
puppy seed®} PMMA %S SHITY &3 vfx vj7] &S AFE-3H9
attrition VFE¢} abrasion VPR #A S FAld A AR T AntagonistT

B 6039 SEZ o 8m ﬂae 50000 3 A4 £EIES s,

)
—_

+
=]
o

HWZEE hybrid HEAE AMegte] E£5<2 Vita Enamice] 23}
= 35 VHN)S X3, Cerasmart’} + HA =2 7k (1678
VHN)S H o Lava Ultimate, Mazic Duro ¥ Filtek Z350 XT-&
dE FoF Aol glo] B w2 Fh (1281, 1296, 126.85 VHN) S X
ATk 37T C FRHTOANA 5 LA AEAYEd F ST gHAEE
Cerasmart®} Filtek Z350 XTolA 23 A 7FAasAth (p=0.038, p=
0.009).

2. Abrasion "FR %= (1.84 - 293 i) AP A 2 BF Fo9 Aol
E Ho|x ¢gkon (p > 0.05), Vita Enamice #|¢3td A7
abrasion WFE =9 AL 2dth (R = -0.3680). =3 37 C =
of 5UI AJEAE 3 A|HS Aoz ZAHI HHH X9 abrasion
vpEo] FuAeE US #gasdth (R =-0.0637).
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=7 =+ Vita Enamico] elstA 7Hd w2 3k (1392 MPa)s E
A3, Cerasmart’} 7Fg =2 3k (1933 MPa)& E o™ (p < 0.05),
Lava Ultimate, Mazic Duro % Filtek Z350 XT2 A5 #2]3 =}o]
Slol =3+ 3 (1773, 160.4, 171.1 MPa)S R %t}

4. Attrition "}R %+ Cerasmart (6.80 mm)¢F Mazic Duro (7.82 ym) 7} 2]

Al wekar (p < 0.05), Lava Ultimate (13.86 m), Vita Enamic (15.52
um) F Filtek 7350 XT (1266 ym)< =2 PIEEE HJom 3705
o} attrition PFE F#3A (R = -0.8624)+= T4 X9} abrasion "R
oo AHAART vg =2 RS B

rr

F909] : CAD/CAME slolHe = AXAE E5 AWUALE #3405
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HAYAE YR & dds B thyst CAD/CAM-E hybrid #3EA

7 SPE (USA)el A= HEAE 3
gelo] 73 AudS §FAIZ Lava Ultimate
E g EFo=2 2789 Lava Ultimate® =&
g 7oA HAEAE HF EES TFANA 4=

QA T ZIAA Sl ZA RAdEATAL 8T (Ruset Sadoun,

)
R
hacs
i)
w
=
ey

A=dl, 1 GPa

dHAew F

( TH 2 E 2ol 120 TE

FSA7IH SFE7F 66% AERE F7hEthal gtk (Kaminski &, 2008).

CAD/CAM-E hybrid H¥AE #H3 &

= (Block HC, Shofu, Japan, Cerasmart, GC, Japan, Gradia Block, GC,
Japan) Aol A71% At (Lauvahutanon 5, 2014).

Ay JAst S VMAA R Egste] Alxste 7o HEAE
A= A o2 3HeE Aty E2 e 54 L interpenetrating
network %2 A A3A &A% Vita Enamic (Vita, Germany)°] 2013
el A7l At} Vita Enamice &7y 438t FA-A ke 86 wt.%
¢} 2 #-& #x (UDMA+TEGDMA) 14 wt.% = /3% hybrid A X3 E
Alets &% 2% Lava Ultimate® tF Alehe] $hefo] Wolr 7| A4 54

o] ¢4 Aolgta 3ttt (Kurbadet Kurbad, 2013). Hybrid AEXAE
:

Aehe wEe ) Aehy FE3 mwskel A4, A4 (igidty)
EWAE 5 gadgm, fads B39y Sol Ausgen, 13

_IE] [e]
A 3A FAEATGL 9 (Coldea &, 2013). B A+ Aol2 3}
HZ A Aotde] T3 Jreolm X3} Alete
Zk EH

FAZ A E ARE FY8A @+
L
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EZ2HTE @AY Lava Ultimate 2tF FoshA =2 WA LEE HAE
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2 BFsta Qe (Smith &, 1997), 2-A (two—
body) P}E = —iﬂ (three-body) PFE 2 #7317 %= 3t} (Mair, 1992;
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W ARFANA BAEE A $8e B 723 o= 9 o
S FEs] £EE W olYo] ¥dS AAAA iR DY F3
A2 4= 3tk (Dupriez %5, 2015). mebd AZAE gHe vlre FW7
T, ZaE 5 AXAE G JAA EAY dHsA BE"E F 9l
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1) 22 % 1gddA FFAIZ hybrid FEAE 3 £F

Nguyen & (2012) 1ol A A AFEH AL e et #99 A
XA E YZ (Gradia, GC; Grandio, Voco; EsthetX, Dentsply; Vita VM
LC, Vita; Paradigm, 3M ESPE)S i< (180 C)¥ 119} (250 MPa)e] %
Ao A FFAIA F-FF AAG ot A4 58S Hlustie
1 AS =375 = 5354 -89.16 %, I+
£ 2843 -104.46 % Z7tEE 8714
, Skl & Al A F7FE AR
AFA A= e & dnkal skl o] ¢F o] n2/iustew T
s WYS CAD/CAME HEAE 3 EZo #83 g A+ 2
W}Eo] WAt (Nguyen %, 2014; Phan %, 2014; Ruse®} Sadoun,
2014). 53], 300 MPa =¥} 200 CTollA AEZAE #3& T3 45
=

W ANA EE NS BYA 5L WA e w5 GHATO

g, a2/a9ke] 24 T ¢AF

&2

=<

g dvar skl (Nguyen 5, 2014). Phan & (2014)2 < s}
oA e fFok BAjle]l 90 TAA F-F &3 dle] F-F
R A Rl wstel A ErE #FostA Srkek oy, wha <l

o EAGEE fO% Aolsk gkn shelu.

R4

Urlss AXAE G930 s §3AIZ Lava Ultimate:= 227}
YA (20 ), AZFYol YA (4-11mm) B A 7let A 234} -
AAFel SFA (cluster) & 3 7FA Mets Fel (80 wt.%) 9} W A-A %=
7F AA S7re &9 71@3 TE U vy HAEAE (RNC; resin
nano composite) &2 75 7]% 3t} Lava Ultimate (200 MPa)+<
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we viE 2 ge a3 APHE

2
Hol wg- A 4ot} (Ferracane 5, 1998; Ferracane, 2013). <+ o
Yamakinl Al &Alg  CAD/CAM4E  hybrid HEAE #H3 E5
(KZR-CAD HR)2 UDMA<®} TEGDMA &% A SiO,+AlOs+
Zr0Os S A (1 -6 pm), 27 AYAF (200 -600 nm) 2 Y= A (20 nm, 100
mE H7tste] 122 F-FFE v 110 °C7HA 7Hdete] 2 2 d-5
FAA AvAd 7IAA BE4E AA FEAE 7 AddTa

(Kato &, 2012; Imai 5, 2013).

2) 299 A5 A9 FZ T2 hybrid HEAE A9 &5
CAD/CAME Alets EE9 dx& 7idet7] fste] 7]Eel
g ZFg2 JAE Ay 24 (In-Ceram Alumina)oll A Aol 73k &2
25 ZEHE giAs v JFE Mg G Z (polymer-infiltrated
ceramic network, PICN)E 7}*| &= hybrid A XA E Aty E2o] 47|
o

z
2 et Az V1€

Aol ZEWME v Ay Fxo AW Fgor IFAA 3
2pd o7 AA% PICN A A+ IPC (interpenetrating phase composites)
Hue g g AEgE TR 3HS H2 £314 (adhesion
promoter) 2 A& &t = 4HS 7h&] dF GEACE a3 Aekdy

Tz $AsA ARS] WAY & YLD @ O} neoR A-
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and three body contact)elX= 8 7§ 7] (ACTA, Alabama, DIN,

Freiburg, Minnesota, Newcastle, OHSU % Ziirich)ol A #|A] g+ vl A
& #x 9} AF&3F antagonist, abrasive medium, antagonist movement,
reference material 5ol #slo] AA3] A7ista Joy, 2 AFARES
AAIE 87HA W Toll A AfEA AEste] wviie Hrto] A8
Attar AT

Heintze & (2012) AFE vpeFgh v A3 =
27F 1 Aot HE AR AFE = ddve &l
St +=d, E A o xE W E (attrition)9} v} (abrasion) "FIEE 5 A
of Aded 4 A+ OHSU vtRE A& %A (Oregon Health & Sciences
University Oral Wear Simulator)® CAD/CAM-% hybrid HXAE &=
of mpEEE M Frietdrh AdA o tiests FEES v A

=

Hl s 93] xote] WHeZdolu X253} ballS antagonist A

F-u.a O{N
é
O
jny
0!
G
o3

754_ 151 3vA

goto] mtREE S AgE0] v UANE HEgHE Ay dAg o
B ZHARE e 7dd W d gR7F oJHa, A 2sY ol A
= ZUAEY 3538 A =} antagonist® A AHEA &S ¢ JdueE E

Boltta 393, Krejei & (1993)2 A &9°] 6 mmQl steatite
A Sl g Abo] frAbskthal sFSiTh olef o] X & S
T}

7F ¥ AFE A steatite”t antagonist A= A3

=9t} Shortall 5 (2002)& steatite Alg}t=lS WMz v FA}
o
,_—r’.

balls= t
o mEE
3}‘:}1‘ A ESo] Wo] WuHArt (Wassell 5, 1994; Ghazal %, 2008;
Hahnel 5, 2009). wehA 2 AFoe HEFAI FHHA =7 AR
steatite® A& sto] v E APl A| antatgonist® AF-&3FS T
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1) 9+ A=

2 AFelME 7S A B )
CAD/CAM%E hybrid HEAE HZ &5 3F (Cerasmart, Lava Ultimate,
Mazic Duro)¥} hybrid # 5% 1% (Vita Enamic) & 4
°] hybrid H¥XAE &

3 AXAE H 2 Filte

Fig. 1).

Table 1. Materials used in this study.

[40
&)
Y
S
=
2
o
ot
b
ol
ok
£
2,
BN
o,

IAE Aete &5
Ao g &g, ETFC 2 nano-hybrid
7350 XTE

oo 2 AFE-SFA Y (Table 1,

]2;?:;1 Resin Ceramic ?r?(iﬁlﬁ Manufacturer
Bis-MEPP, Si05 (20 nm), GC,
asme 71 wt. 9%
Cerasmart UDMA, DMA Ba-glass (300 nm) wt-7o Japan
Bis-GMA, Si05 (20 nm),
Lava UDMA, 7109 (4-11 nm), 80 Wt % 3M ESPE,
Ultimate Bis—-EMA, aggregated SiO, + o USA
TEGDMA 7105 (0.6-10 tm)
Si105 (10
Mazic Bis—-GMA, Bl 2(1 m?;’O 0rm) _— Vericom,
Duro TEGDMA a-giass WA, W7o Korea
ZrOs (1 gm)
fel hi 1
Vita UDMA, ¢ d:plat ¢ Crlyasst:‘ — Vita,
rti in i
Enamic TEGDMA lrjr?atr(i:XeS & v ? Germany
Bis-GMA, 7i ia & silica
irconi
Filtek UDMA, reona 3M ESPE,
] filler (0.6-1.4um), 785wt.%
7350 XT Bis-EMA, $i0 (20 m) USA
TEGDMA fozisin
— 10 —
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Fig. 1. Materials used in this study.

Aoz CAD/CAME &5& A tojolt= 55 (Isomet 1000,

S Aaste] #d AJH SN S +

10mm x 7 2mm)el 35
1

ato] AlES 570 =H]

St RHALEE SAHT AJHel WS SiC dAubxA] (# 800, # 1000, #
1200, #1500, #2000)& ol&3to] &xA o= Antstdnt. v AL wAA
%=7] (HMV-2; Shimadzu, Japan)el Al#& Z2stal 4184 N d5S 5

% ksl YA FES ZAste] WA EWAE (VHNE Al

= M
Gk o] FHALEY F
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} %= (flexural strength) =7

i
ot
F—Ll

o2 CAD/CAME E5S AE tololtt Fo=2 Aol
2+03mm x T4 1£02mm x Z°] 15+£05m) AH 30 /1% &

S T4 A2 FF7 ek 3070 F=0lEkA T (Fig.
Al - SiC AnkA] (#800, #1000, # 120005 ©] 8314

g AlHe Z (b)) FA (S Myl BeH A=z
=4sto] 712359t WHeAd 7] (Instron 4465, USA)l 3 %
2] (span Z9], L=12m)% A1HS A=3st3 0.5m/ming 3}
gd wj7hA] etFs 7hskth Aldo]l dhdE w o
(P)& =43l ofe) Aoz FXHAE (MPa)Z AAHeldth.

=
oftt

oo
3
_0|L
>0~

ofk jj I
=
BN
M

&
=
e}

o
_>|‘1_'4
2
[o
fr
=)
ot

o

off
o
X

ofN

ofN IR R et
2>
STt}
>
R
(0]

1' —=

off
o

3 x P xL
Flexural strength = -—-———-——-———-
2 xbx d
ZF ARAAF 30708 A S o ® SAH o, ST F34E
< Weibull 5*4 S ANl ENGES 9folE AFE e

Fig. 2. Specimens were prepared using low-speed diamond saw.
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(2-3) 3-#] w}% (3-body wear) H7}

CAD/CAME& &53 3599 HEAE flow Iﬂéiﬁﬂ (Ho
m X <% 6mm x 74 2m) AJHS AFT T 10 4K
(AE 25mm x 77 15m) HEZE EZo] AJHo] FYa 945‘]5]5% =
il o EA] HHos Eujstdnh Ewjg AlA FHS SiC ARFA (#600,
#1000, #1200 3 #1500)% =2t o2 Anpeto] wE AJH S FHSFAT
3-A vlE AES 9% vlE 7] E (abrasion medium)® PMMA 3%

—_
=

1g3 poppy seed 2gS ZFF 10mlel]l &£3Hato] =apalabol] A 30 27+
a3 & AREE T

(a) (b)
Fig. 3. Equipments for wear test; (a) = OHSU oral wear simulator,
(b) = 3D Profiling System.

OHSU +7+ W vt® A& 4= (Oregon Health Science University
wear simulator; Proto-tech, USA)ol A|#HS #&sta, AEF 6 mm<l
ball-type steatite A|2+% (Proto-tech, USA)S v}& A (antagonist) = A}
&sto] 7 delAd HdAE= wEARAFHN FASHA attrition PR}
abrasion "FEIAS FAlA AAsAT (Fig. 3a). Attrition vFE<}F
abrasion VFE7} X E = AlA F9le| antagonist® 7FsA] = 2> 7+
ZF 9O NI} 20 No] HE% MHASS I, antagoniste= w9 60 39 &2
°F 8mn AglE 50,000 3] A & st=E sttt (Fig. 4). vkE¥ Al 9]
W2 g5 2 WA 3-8 471 (3-D Profilometer, MTS,

l:
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USA)Z 2713}e] mlrw Zlo] (abrasion WFE, attrition WFR)E =43}

7 %\B

N !
onist

Fig. 4. 3-dimensional representation of the wear trace (abrasion,

attrition) produced on a specimen.

(2-4) FAHAAA A (SEM) 24

T4 W PR Ads gRg AHe] viE 39S 0sO2 Y
33l FE-SEM (Field-Emission Scanning Electron Microscope, S-4700,
Hitachi, Japan)& o] &3] st &= wAste] Ao wg rjw @

4o EAsar

(2-5) A A=

ZF Ao S AAE, 234 E 9 nEEe JidgH xFE
AxE Tt =4 A3 ANOVA (a = 0.05)¢ Tukey multiple
comparisons test (WINKS 4.62)2 T4 #AsoH, =34 % A

2 Weibull +#+41& 2 A5t}

e
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V. a7 2%

Z8 AHel 37 C SRl 59U Ala A o A4S %
A= Table 29F 2th Az JEHlol A= hybrid AXZAE A gy
NAS Hi FWAHE7F 2335 VANS 2 fFo8tA 7Hd =& 3
1tk (p < 0.05). Hybnd AZAE # R BZo|A CRS7F 167.8 VHN
o2 FoA ¥ S K< whd (p<0.05), LAUSH MZD+ 27+ 1281
VHN#} 1296 VAN 2 W& 318 Btk zad #353d HEsE
Z 7 CTLe #A+ EWPE+E 1265 VHNS 2 LAUS MZD9}F g #9
SHAl 7HE v #Es HAY (p<0.05).

Mo wz ox
tht b
o
t
< &

T
>0

Table 2. Results of surface hardness test (VHN)

Groups Code Dry Aged t-test

Cerasmart CRS 167.8 +26.2*  141.4 + 26.6 p=0.038
Lava Ultimate | LAU 1281+150" 1256+194%  p=0.751
Mazic Duro MZD | 1296+17.8" 130.2+182%  p=0.941

Vita Enamic ENA | 2335+14.2° 2201 + 22.6° p=0.130

Filtek Z350

T CTL 1265+ 17.1°  103.0 = 19.0" p =0.009

note: means within columns with the same superscript letters were not
different (p>0.05).

1154
e
>,
kol

5 Aelg & A% 45 hybrid #AXA
2] ENAE Hyr 3HZEE7F 2201 VHNO &2 743l o
folgk zol= ATt (p=0.130). Hybrid A XA E #
E FoA Mg =S BEAEE KB CRSY A$E Alaxgs &

£m

’

e

0.

H
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Al ez 4% 254

=

0:(0.5), Weibull A5+ m, 33 &E9] 63.2 %<
AZ Jele 2445 R? 3+ 93 =
2k SD 2 A59 /M4 N 5& XA

Table 3. Weibull analysis data of experimental groups

Table 33} #Zt} (Fig. 5). AlA 9] 33 85Fo] 50%

1 (p = 0.038), LAU+
%0 Al hraw A ek
|4 5 A3 AlEA s
AT (p=0941).
103.0 VHNOo. 2 9]

Group
CRS LAU MZD ENA CTL

Para.
0¢(0.5) 205.76 178.42 176.19 139.27 175.66
m 7.64 11.12 7.37 11.59 7.93
00 227.88 186.89 203.04 143.16 183.58
R? 0.943 0.976 0.917 0.917 0.859
or(avr) 209.424 179.748 187.87" 141.67¢ 179.29"
N 30 30 30 30 30
SD 32.55 19.73 33.31 14.72 27.75
note: 0¢(0.5) = median fracture strength in MPa

m = Weibull modulus

09 = characteristic strength in MPa at P; (fracture probability)= 63.2%

R? = Weibull distribution regression coefficient squared

_16_



ogflavr) = mean fracture strength in MPa, and same superscript letters
indicate no statistical difference between experimental groups

N = number of specimens, SD = standard deviation

v o A | BT
13 v o Am
\v (o) A m
vV 5 2 i
g &§ 4 ;
0 X
1 g A -:.. T
= -1
o ] v
b ]
NS, v o'm
hal 1 v A> =
< 27 v Aom
c ]
] v Lo = CRS
3] v OA O n o LAU
] A MZD
] v ENA
41 v o A O . © CTL
— 77— —
46 48 5.0 5.2 5.4 5.6

In(Flexural strength)

Fig. 5. Weibull cumulative failure curves of the flexural

strength (MPa) of experimental groups.

Hybrid HEAE Aty 529 ENAS Hit F47 % [oavr)]e
14167 MPa2o. & <&t 7F4 e kS w4tk (p<0.05). Hybrid H %
AE Y3 BEF9 HFol= CRS7F 20942 MPaz F9stA 71 =&
#e B (p<0.05), LAUS MZDE Z+2+ 179.74 MPa$} 187.87 MPa=®
T #E R F5dd HIEANE Yz CTLY A =30 =s
17929 MPa® LAU$ MZD%t= g ztol7F il (p>0.05). 4] g
A& kel AEAS YElllE Weibull A5 (m)E LAUS ENA7ZF 242}
11129} 11592 FosiA =2 #s HYon, CRS, MZD ¥ CTL
7.37-793 HH 9 FAg & HIXT LAU EE ENARTE 93

| AT (p<0.05).
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7 7334% Fig. 63} %D} 2 A7E wl
FE-2 attrition PR

]@01]*14 P upR ZolE =H3d}d]
Zolm stlaL, s Al A Flol Mo Hit mE ZlolE =
A3te] abrasion WhE zZolZ &tk (Fig. 4 #x). 24+ AdTd 10 7N
A Ao A =43+ g0 % abrasion "FR 9} attrition vFRe] HF I FF
HAA}Z F&Fo] Table 401 Aela4lth

=5
>
n
L
Ap
T
1

17.9.. 197
16.1.. 178
143 .. 161
125 .. 143
10.7 .. 125
80. 107
70.. 89
62.. 70
34. 62
16.. 34
02.. 186

Y-ath (micronn)

-38. -20
S56.. 38
74. 56
93. 74
-111.. 83
-129..-11.1
-14.7 ..-129

T

1oo0 2000 000
K-l mioron <)

Fig. 6. 3D profiling picture of CRS wear simulation.

Abrasion "FEe] A 4709 A3 (CRS, LAU, MZD % ENA)¥%
= (CTL) 25 43 zbo] glo] (p>0.05) 1.84 -293 m 9IS H



At i abrasion PFE A E7F Wkl CRS9F MZD+= attrition wFE €]
A= 247 680 et 7.82 mm=E FYSHA He vtEEE HYoH (p<
0.05), LAU, ENA % tjzx< (CTL)9] attrition PR =% 77 13.86 /m,
1552 um 2 12.66 m= FFAFS v A TS ®W T

Table 4. Abrasion and attrition wear of experimental groups

Groups Code Abrasion wear Attrition wear
(4m) (¢m)
Cerasmart CRS 1.85 + 0.66% 6.80 + 3.36b
Lava Ultimate LAU 241 +1.23% 13.86 + 3.56°
Mazic Duro MZD 1.84 + 056 7.82 + 3.07°
Vita Enamic ENA 2.93 +1.23" 1552 +3.37°
Filtek 7350 XT CTL 1.90 + 0.61° 12.66 + 3.65°

note: means within columns with the same superscript letters were not
different (p>0.05).

Jhu
[40
ey
Z
>
il

Al
H ATt (Fig. 7a). T3H 37C FHF50l 597 A& A3t AJHS o
2 =A% THAESY abrasion PFE 9 A#AASTE L AASIT (R =
-0.0637, Fig. 7h). &, AXAE #H ]

EH 7 =9 abrasion WFE Q] A#TA

WEHS A o B R EE attrition PFE Y F L9
AAAS BA3E A= Fig. 83 vl 1@ Zo A Kol uiel o] %

_19_



250 — i
= 200
T ]
2
ey
©
@ 150
Q
c
©
—
]
< +ﬂ
@ ]
&
£ 100 .. R = -0.3680
50 4T
1.0 15 2.0 25 3.0 35 4.0 45
Abrasion wear (um)
(a)
250 -
S 200 T
T ]
2
k]
2 ]
& 150
2 : 1
£ ‘\
® T
@ ] -
8 100 ‘ |
£ 1007 R =-0.0637
1%
50 4T
1.0 15 2.0 25 3.0 35 4.0 45

Abrasion wear (um)

(b)

Fig. 7. Correlation between abrasion wear and surface
hardness of experimental groups except for ENA!:
(a) = dry specimens, (b) = wet (aged) specimens.
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250 4

R =-0.8624 l
200 ‘
= ]
o I
=3
= ]
2 1501
I3 ]
[/
©
=}
2 ]
2 100
1 S —
0 5 10 15 20

Attrition wear (um)

Fig. 8. Correlation between attrition wear and flexural
strength of experimental groups.

A}

rlo

74 =9} abrasion VR 9] “4’7:"1'1‘:]' =37} E= 9} attrition MFEE =
7 ﬂl#(R -0.8624)5 H At F, AA9 @37} =rt F7HESE attrition
R 7} A E = v sk *o“?ﬂr*o% B At

5) FAHAAEN A B3

CRS Ag+9 vlryd ¥HS SEMo 2 ##3 ALzl Fig. 99 2tk
Fig. 102 vl2 ¥ CRS ¥ Wol A abrasion "R F9 ¢} attrition v}&
H F$E SEMo =2 ##3E Alzle]tl, Abrasion PFRE FEo v A
Tdol PAE7] AR As B 5 AR, attrition HFEE FE ol A
A daEo] £ =7 Al 4HE Aol ##HJH. Fig. 112 vtE

FEHA A abrasion PFREE F-9] 9} attrition PFEE F91E SEM2

Ul o

U
2 g ARlelth A o] 1ym olskel ¥ SHAEe] dHEHA o

i

rr
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0 g
1.00mm

SEM picture of wear surface of CRS: (a) = abrasion wear
region, (b) = attrition wear region.
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Atk Fig. 12 MZD A

Z hybrid AXAE #Hx

attrition PR F9ol A A AWE we} Fo] dAE Ao] Y
= o o

Holl 4 wzE 79

=

=R

At Hybrid AXAE Agtel 5592 ENAS vwlX
sk ARl Fig. 13 ol

ZE Ao

rs LSt 3 ; ls.blodm}s\‘
(a) (b)

Fig. 11. SEM picture of wear surface of LAU: (a) = abrasion wear
region, (b) = attrition wear region.

(a) (b)
Fig. 12. SEM picture of wear surface of MZD: (a) = abrasion wear
region, (b) = attrition wear region.
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(a) (b)
Fig. 13. SEM picture of wear surface of ENA: (a) = abrasion wear
region, (b) = attrition wear region.
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V. 1 #F

1985 A #-go2 A7l¥ CAD/CAME Alete &5 3hsh4 bA
g, 71AA 54 F FskE B ofYgt A AP =

AolA CAD/CAM Al=®1e] Q14 A &o] w=A F7HEa Utk o4
w2t CAD/ CAME Alzte) &9 4% £ /fdsEias oy
A8 =2 A, =g dFA vt L g =
ofd T2 slAHooF & EAlE AAHI vk 2000l AvhE
CAD/CAME AXAE #Hz EF (Paradigm MZI00)2 Aletd] &1
7bEd ol etal A E AA ntEAZE Gl dou, 71AH
Bt A Aol Algbeiel wla] =3k G ol glof CAD/CAME
o] X|&AQl Jhke]l @ q-E L Q)

Paradigm MZI00°] *2°2 CAD/CAME HAXAE Yz EZo7
2 HA e CAD/CAME 2559 7|44 EAS W3 73t
= ATE°] AFETE Kunzelmann 5 (2001) 4] Al2k9] (Vitablocs
Mark 1), ®7F24-73td Al2b9 (ProCAD, Empress) % %

(Paradigm MZI00) & t3 CAD/CAME &9 1
st =, AZAE #2 B2 Paradigm MZI00°] t©}
o 2u) Ax o wpREoH WRA Aoty Ahy
R ttar skt 18y Paradigm MZI00 &5 &
Hot i3 E 7P AA vtRAIA AA Ao AEst= AF
Aol & 4 ot skt Fasbinder 5 (2005)2 Paradigm MZ1002}
Vitablocs Mark IIZ A 2Fak olglo] z} 40 WAL 3kxjo)| A ALt 3

=

-
HL)
e
s

X

ro

N
ol o
fo e X

Uk AAdAg e} M- g FA st Hrte 2y, 27 A4 =
= 7 7HA EF BT i ey, Al A e weEk Paradigm MZI00
] S

o] mfREHA WAAZFLE fFolg xto]7t AFEG oW M-F3lE 9
749 Paradigm MZI002 91.4 %% Vitablocs Mark I[I+= 588 %& Ho #
E Yz 59 M SHHAgo] © FFekdvial 3tk Attia T

(2006)- Paradigm MZI00Z} Vitablocs Mark 1= #|2tgt A2} 34
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S H7slgl =1, Paradigm MZ100 =Z&t¢
T A ER] ko) Vitablocs Mark II

o

=

F WgH YRl Fdo] waHo] Aujsow
Z

.

m
K
o
3R
|o
=
mo
ol
®
=)
H
i)
Mo
1o
o
fu

=4, Paradigm MZI002] "] A7 %7} Lava Ultimate.th
o b §HL MAAEY TS FA &ol T T
B2 n% Ay 34 Agsivta stk Al-Harbi 5 (2015)2 aging
(& &b, I3 Ag 2 3, 6, 9 ML FxEW) AHE7F Lava
Ultimate®} Vitablok Mark 11¢] 7|A4 540 F+ &S H7ist 23
Lava Ultimate’} 2 aging % - % % Vitablok Mark IIo] H|3d}o]

A =L #3455 B or Lava Ultimate?d aging -3 #97

e A vfRE FEAZ 5 = Vitablocs Mark TRt ¢34

B
|
b
e )
™9
By
(2
Y
I
i)
of
O
-
BN
2
N
rE
o
r
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ies
N
2
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2
=
<
o
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ol

2
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~

=S
o
ki
N
=
A
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K
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=2
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=
)
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o
(@]
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2R BANA AR NAY TR Faol B 3
W oAb grel mhEE i VARt stk £d §5E fERe 5

Azayel-de el s Bel 44 EWo] Aed e
A4 BANZ 4 Aok shel (Druck %5, 2014) A=2zol B

-3t Lava Ultimate, Mazic Duro % Filtek Z350 XT2] A% A& A
X

o

il

T AP ETE fFotA HaE AR qAEAJEH, B ATelAE
Mazic DuroZ A 9%+ hybrid AZAE B2 THEPE7} A& A8 &
ArseE A4S BHYoy Cerasmart®l iz Filtek 72350 XToll A gt
FolsHA AT (p < 0.05). Hybrid AXAE 3 EF9 #37)%
+ Vita Enamic® .t FolatAl == (p <0.05), o] 43S Awada}
Nathanson (2015), Stawarczyk 5 (2015)¢] A3}o} FAMsHAth Awada<b
Nathanson (2015)2 Zg]w ] 7]Rtg AXZAE #

oo

FEe g AR VA3t ol HALS FAaA7I vA W] o3
oJF S Aggst= wHol Aty 7|¥He] Vita Enamic Rt =thal

st e,

2009). u}zkA CAD/CAM% hybrid AEZAE ¥
1

Hge 9ol AW L AFHS WA 5

m&:J

N

%ﬂ

A
d st 77 WolA &= abrasion vFEE U 1
T SAE 59 wWAES FHsteE 3-A4 vpEE AP EM (de Geedt
Pallav, 1994), attrition "}2% 50 - 150 N9] 52 wiZ/lE §lo] 2-x] »}
e JgHes Aoz FAs Unt (Lavelle, 1972). ¥ ATollAM =
abrasion PFE H-9¢} attrition wFE F-<9lo Z+ZF 20NZ 90N &5 7f
st wtE AlRS Adstg e, A4 15 [SO/TS 14569-20) A A etgt
poppy seed®} PMMA #¢& SHT &3t vlx w22 /‘}9“3}
ATh Kon 5 (2006)2 HEAE #H19] wpil Ao A Ao 7}ef5
SYo] wtre F= JFS FUrgk A v AP 2PEYE AX

E g 7+ AEQ e Aladel mel Aold v SA4S Bt

Fl

9
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sho] win A AR oA AlH Theks §¥ 2 T3 HaETt ofyet

ST

B ATelA @b hybrid XA E &53 izl Filtek 7350

XTe] 3t abrasion PFREE 1.84-293m HAE HAow, AH3t

frelgk atel= glolth (p > 0.05). Hybrid AEAE Azte] E52

Enamic®] ¥t abrasion P}REE 293 me = 714 =& e
o]

F-F33 Yedxd HIEAE #HHeA Filtek Z35

Rl

111

O o
<
&
(]
=
(@]
=
=
s
o

o} abrasion PFEA A o] ZA AHAEA E3F Ao
AEZAE EZ A Agte 3t} abrasion "FEO AAAS
7 AAA (R)E 0864082 Aghe] shafo] S7tE 4
7V Z7beke vld A9 ABAS B9 Mair 5 (1996)2 abrasion v}
2ol Af Ame WA= vEva skl 7
A= FHE =9 vt A3 Fa3 I isl‘jri 53 ‘jr
McCabe®t Wassell (1999)= A#doz Agd HdajE 373 AXAE

e #WAdEs Iy kol we FUHE ¢
S (2014)2> v 3 CAD/CAME AnAd 5 655 o= Alete 9
Ay B¥ 5 nAFERE SEMoZ #ZEE9 =, Block HCOlM =
Ag7tel A 2aF-AgAolES spherical YA, Cerasmartd 7 -$+
Aoz A gdsA ErxE dFuy-utE-AgAelE §)A
Gradia Blockel A+ E5F23 Jele + 74 JA (A= A7)7}
= /\]3]7} O]X} dHo® Za FeHg-SFuU-AEAlolE YA,
253 E {J#}, Vita Enamic

U PTES 4L

kel
ho
m
)
2
=2
o

il

)

M= EehE-<dFry-deolEr T
al

i)
1
o
e
2
-
9,
>
e
oX,
ro
=
=
Q
0,
@]
=]
o
=
td
Pﬂ
i
=
El
M
1%
ro
LU
i
=)
)
ro

At Y7t #dsiAl FE9 Cerasmart”
4y A&7 A7t 7HE &2 Adoew Bla,

W Agel AR Aew FASAT

LJ £
(i
o
e
2

Mandikos & (2001) HAXAE #HZ9 THAEE vl Ao A
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F2 AREE o dna e, HEAE Ul 5§ v 7
o wel AXAE e xHA =S} v Ao Fag
ATENA AEHE AyEso] BaEar At} (Peutzfeldt® Asmussen,
1996, Hahnel 5 %, 2013). Harrison®} Draughn (1976), Lappa-
lainen E(1989)o 7&:5?51‘5 A7 e Ay FAAEE g ol
§lthal 3F913l, Manhart 5 (20000%= HEAES] ZH=7} 5]

pR A g o] grolx = e wESd oY Fo3 AiAdS v st
Atk AGART WA= AEAE HFo vtE A g o

A 549 AHAAAE AT F vt skt (Craig, 1993). 18u

zle

Kawai % (1998)8 =4 (unfilled) @l npR A e e gzlel A

2|
o,
B
B

off
[\l
(=]
'y
}—A
Q
Q
O

Llﬂ

T AHFAJA #AAVE doka AT B AFo| A= abrasion FFE

AFS = F YS AHAoF Hol:= AHY FWHAES abrasion PR 9

IS B4 23 hybrid HEAE E59 ¥WH X9 abrasion v}
o] A

= wokom (R=-03680), 53], 5d43F 37 C ol A

R = -0.0637)

nj
o
P
ol
ol
£

2 AF A attrition PFEi= abrasion "R ©t2 A CAD/CAM-E-
HAEAE BEZFd ug} fo3k 2ol 7F w2 AT} (p<0.05). Cerasmarte}
Mazic Duro®] #Hit attrition "FE= 242 6.80 met 7.82 mm= 2| sHA
SHokal (p < 0.05), Lava Ultimate®} Vita Enamic % dlZxa"< Filtek
7350 XTe] it attrition "2+ 247} 13.86 pm, 1552 m 2 12.66 um=
A2 fFoldt Aol= gl AR, Cerasmart®t Mazic Duro®.thi= 2] 514
e REEE B (p<0.05). At e 3 attrition PR =S
FHATE R=0899%E HA=d, CAD/CAME HEAE E59 niil

7 4 ?:L%k-‘ﬂ <7t W}E} 57}3}04 AHHAQl o = A= A
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Fit A8 HAYEAE Y9 attrition vFEE 7 AA = g
S We Aoz d#HA v Peutzfeldt®t Asmussen (1992)2 HAXAE
e QA mtR oS #g AFAA FFHEY A A &
FFAQ mRES FHde]l dvar s%la, Xu 5 (2004 %= HEAE
dz19] mir= 7AA 5ol A wet Aadva stk & A
Tl #373% 43T attrition PR F#ABAE R = -0.8624%
DS Fidel e AeE vey

Moérmann 5 (2013)2 CAD/CAME EF9] 2-A vl& &
%+, hybrid HAEAE Akl Vita Enamice A2 FUYolE A 93k
[e)

Aehe $ERT BREsl Gga WA FAF hREE ng o

hybrid ZA¥AE #2¢ Lava Ultimate?}= v}= S-S FAE I o
stk ES hybrid HEAE HW E59 w4 542 AFAEolA
Tag FHe] & F gon AXAE #HI EF02 A FEES
A S50% AAE FEERY 2 (repair)7F &3 F3H= At

1 39Tt (Rocca 5, 2010; Nguyen 5, 2014). Awada®}t Nathanson %
(2015)2 CAD/CAM=E hybrid H¥EAE #Z, Aty 2 hybrid FH¥EA
E A=Y 59 7IAA SA4S vastl=d, CAD/CAME hybrid #
Agts EZoly hybrid HEAE Ay EFHT
SEAAATE 293, CAD/CAME hybrid #
Aepo] Age 5502 AAe A

S BAYgx 3Fth Stawarczyk 5 (20152
CAD/CAM hybrid #A¥AE # % (Lava Ultimate, Cerasmart, Shofu
Block % 2%F9] 238 CAD/CAM HXEAE) hybrid HEAE AH
(Vita Enamic), W74 -73td A2t IPS Empress CAD), 2% tho]2
Al E FetA-A kY (IPS emax CAD) &2 59 7|[AAH EX4& v
Wkl =, hybrid HZAE #xlo] Sg=-Agpng 54 es ¥
o WMFA-Z3Y AgYolu hybrid HEAE AR =& =3

= P

S B3, S892-AgE 2 hybrid AXZAE AMgt2 o] hybrid #H

_—

ke
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AE g3 Hlaske] =2 e vfRE Btk itk
Stawarczyk & (2013)2 Al F&&E Al&tel Ab§sk= CAD/CAME
A% E5 5 F (artBloc Temp, Blanc High-class, CAD-Temp, Telio
CAD, Zeno PMMA)S A3, duk #x<¢l Integral Esthetic Press$}
A A Zek=-AgkE Vitabloes Mark I8 tixw o2 sho] 2-4] w0}
g Hag Ax, gzael Seta-Agte o] vt g3 EER f
ofstA A AXRE HF A antagonistE 7HF Bol mFEAIZ Ao]
AL, CAD/CAME @zl =59 mis At fry folstA A At
a sk o] A7 Ade E4sd CAD/CAME # &%9 45+
x|

HAA ol Jd= AFHE Aty 5L A9 7IAH EA dig ANFA
B7HE 9t SAT A= g B4 ftolE A A&t e,
Ag HEAE 1o A=A Frtole AL AT (Rodrigues &,
2008; Quinn¥ Quinn, 2010). ¢¥+H o2 ofol& A4 (m) kel ET5

g AFAL =, 9folE A7

]_
B Ao A =A3s CAD/CAME B2 ZI}LE o
a3

2
o,
Q
—t
—t+
3.
=
@]
=]
o
h=)

Condon¥ Ferracane (1996)2 OHSU v"lE A A XS o] &sfo] 2
Ao A 50,000 3] vlEE AT AL AA AN 6-1271YE A= v}
=

= 6
A9t fAE AAE Bttn sk B AT A OHSU vhw
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g CAD/CAME AW &5
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2 Ao A= CAD/CAME hybrid AXZAE E59 THALE, =3
= 3 ovhEEE Y5l teel AnE gt

. ¥4 k== Vita Enamicol frolstAl 7MY =2 % (2335 VHN)& E
93, Cerasmart’} & WA %2 7 (167.8 VHN))S HI o™ Lava
Ultimate, Mazic Duro ¥ Filtek Z350 XT2 A= 23k #o] glo]
7h B Zh (1281, 1296, 126.85 VHN)S Btk 37 T SHF5olA

5A7 AgAgs & = THAEE Cerasmart®t Filtek Z350
XTol A F28tA A3 (p=0.038, p=0.009).

. Abrasion "}E % (1.84 - 293 m)E= A3 xat 2
= HolA ¢tor (p>0.05), Vita Enamice #|¢] 3
o] ®HZ X abrasion PR ES v AADAE
-0.3680). T3t 37C STl 5Yt Alm AEst 49 mwHALEe}

abrasion PFEES] FAATE S ZFASATH(R = -0.0637).
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. 37 %=+ Vita Enamico] frelstAl 7Hd w2 3k (1392 MPa)s E

%31, Cerasmart’} 7F4 =& 7k (193.3 MPa)S H3om™ (p < 0.05),
Lava Ultimate, Mazic Duro ¥ Filtek Z350 XT-> A2 23 =}o]
glo] 3+ % (1773, 1604, 171.1 MPa)& Xt}

H

. Attrition "FR %= Cerasmart (6.80 )¢t Mazic Duro (7.82 i) 7} ¢

Al wekar (p < 0.05), Lava Ultimate (13.86 im), Vita Enamic (15.52

um) R Filtek Z350 XT(12.66 um)< 2 vfREE HIow 37405

o} attrition W}E FIAA = EWHEC} abrasion PFREES] A
Bt =2 AHAAS EAT(R=-0.8624).
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—ABSTRACT-

Comparison of mechanical properties of
dental esthetic CAD/CAM hybrid
composite blocks

Mi-Jeong Kim, DDS

Department of Dental Biomaterials Science,

Graduate School, Seoul National University

(Directed by Professor Bum-Soon Lim, Ph D.)

Dental esthetic hybrid block have been developed recently for
CAD/CAM system, the advantages of both ceramic and polymer are
combined into a new material to cancel out their respective
shortcomings. Hybrid blocks have clinical advantages, like superior
esthetics, ease of milling, short processing times, simple intraoral
repair and good reproduction of details. CAD/CAM material play a
key role in a successful CAD/CAM procedures. Wear resistance of
hybrid blocks might be critical to the lone-term success of a
CAD/CAM restoration. The purpose of this study was to evaluate the
surface hardness, flexural strength, and 3-body wear resistance of
various dental hybrid blocks for CAD/CAM system and analyze the
correlation of these mechanical properties.

Three CAD/CAM hybrid composite resin blocks (Cerasmart, Lava
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Ultimate, Mazic Duro) and one hybrid composite ceramic block (Vita
Enamic) were used for experimental groups and light-cure nanohybrid
composite resin (Filtek Z350 XT) was used for control. Surface
hardness, flexural strength and 3-body wear of experimental groups
were evaluated.

Five disk-typed (2+0.2 mmn thick) specimens were prepared in each
group (N = 25/ n = 5) and polished with SiC paper, then surface
hardness (VHN) was measured using a Vickers microhardness tester
(HMV-2, Shimadzu) with applied 4.184 N for 5 sec. Thirty bar-typed
(2£03mm x 1£0.2mm x 15£0.5mm) specimens were prepared in each
group (N =150 /n = 30) and polished with SiC paper, then flexural
strength was measured using a universal testing machine (Instron
4465, USA) with a 3-point bending jig (span length = 12 mm) at a
cross—head speed of 0.5 mm/min until failure. Ten disk-typed specimen
was embedded in acrylic resin in each group (N =50/ n = 10), then
3-body wear was simulated using the OHSU wear simulator (Oregon
Health Science University Wear Simulator; Proto-tech) for 50,000
cycles. Worn specimen was analyzed using a 3-D Profilometer (MTS)
and both abrasion wear and attrition wear was estimated. Correlation
between surface hardness and abrasive wear and correlation between
flexural strength and attrition wear was also evaluated. Following
results were observed.

1. Hybrid composite ceramic block (Vita Enamic) showed the signifi-
cantly higher surface hardness (233.5 VHN) than hybrid composite
resin blocks. Cerasmart showed the second highest surface hard-
ness (167.8 VHN), and other two hybrid composite resin blocks
(Lava Ultimate, Mazic Duro) and the control (Filtek Z350 XT)
showed the low surface hardness (1281, 129.6, 126.85 VHN,
respectively). The surface hardness of Cerasmart and Filtek Z350
XT was significantly decreased (p = 0.038, p =0.009) after aging in
deionized water (37 C) for 5day when compared with dry state.

2. Abrasion wear (1.84 - 2.93 um) did not show significant differences (p
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> 0.05) among groups. Correlation between surface hardness and
abrasive wear was low (R = -0.3680), except for Vita Enamic.
Furthermore correlation between surface hardness and abrasive
wear was more decreased after aging treatment (R = -0.0637).

. For flexural strength, Vita Enamic showed the significantly low
value (139.2 MPa) and Cerasmart showed the highest value (193.3
MPa). Lava Ultimate, Mazic Duro and Filtek Z350 XT showed the
middle range of flexural strength (177.3, 1604, 171.1 MPa,

respectively).

4. Cerasmart and Mazic Duro showed the significantly lower attrition

wear (6.80 ym, 7.82 ym) than the others (p < 0.05) and attrition wear
of Lava Ultimate (13.86 tm), Vita Enamic (15.52 ym) and Filtek Z350
XT (1266 mm) did not show significant differences (p > 0.05).
Correlation between flexural strength and attrition wear showed
high value (R = -0.8624).

Key words: CAD/CAM hybrid composite block, surface hardness,

flexural strength, 3-body wear, correlation

Student number: 2014-25089
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