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Abstract

Evaluation of 3—body wear of novel composite blocks

for CAD/CAM

Lee Woo—Geun : D.D.S., M.S.D.
Advisor : Prof. Ko Yeong—Mu, D.D.S., Ph.D.
Department of Dentistry

Graduate School of Chosun University

CAD/CAM  generated dental restorations meet  standardized
manufacturing processes with uniform material quality, reproducibility of
restorations and reduction in production costs. CAD/CAM systems in
dentistry have rapidly gained importance and popularity, then various
types of composite block were introduced as novel material. The purpose

of this study were to evaluate the wear resistance of dental novel
composite blocks for CAD/CAM.

Five composite resin blocks (Lava Ultimate, Block HC, Cerasmart,
KZR-CAD HR, Polyglass) and one composite ceramic block (Vita Enamic)
for CAD/CAM were tested. Wear was simulated with an OHSU oral wear
simulator, which simultaneously incorporates the wear mechanism of
attrition and abrasion in three-body wear mode. Composite specimens
were subjected to 50,000 cycles of wear against a steatite antagonist.
Mixture of poppy seeds (2 g) and PMMA beads (1 g) in DW (10m{) was
used for 3-body abrasive medium. After wear simulation, average wear
depths for abrasion wear and attrition wear were measured with the use

of a 3D profilometer. Ten specimens were tested each group.

_iV_



Composite blocks showed excellent abrasion wear resistance (1.74-3.45
) except for Polyglass. Cerasmart showed the lowest attrition wear (5.85
i), there were no significantly difference in attrition wear (12.28-14.07
) for the other four composite blocks (p>0.05). Composite ceramic block
showed the similar wear behavior to composite resin blocks. Correlation

. . . 2
between fraction of ceramic and wear resistance was very low (R® =

0.1684).

Key words : CAD/CAM block, composite resin, composite ceramic,

3-body wear, wear depth



198011t CAD/CAM 71%e] A jsto] =1l o] % wzsA gashe] A
3 ARAN wAHelL FoF Lo ¥ gk CAD/CAM A=ge 4
gaw AT Ame 54, £RB AWY L Axd A F EFsw
AxAAS BEAD 5 Qe AW FRES ALT F Ak step FT 5
B2 A2§ CAD/CAM &AL F4 AelAcE Aeks, F4A #54-

= b
s Feha-dge, A2 AE geg A¥E 40 2 AEAE A

_l

CAD/CAM 2AZE ZrAdAE HAEXAE #x%4 T35 PMMA #3
go] ALE-H a1 9t} 2-step CAD/CAME AMFE 2+ Zlg-voldgAolE
gha-Aete . R A =2suol Ay EE

(Giordano, 2006; Conrad &, 2007; Fuster-Torres ‘&, 2009; Fasbinder, 2012).
A CAD/CAM Al ="lg o] &3 &= Azt 4SS 7HA= A9 =0l

Zrksk A v el $ska Abgol golF AkA Awe]l 27H M ¢

=
9 (interpenetrating network) S°] domw 1l-step YA FEE A ZF&
=3
=
&
=

AR Aol A AMEEta e HEAQ CAD/CAME A3 A=+ Algt
U AXAE #Hxlo] de=d, WA E=Yd¥E CAD/CAME A= EH
(Cerec System)< 198540l o2 A5 o] Qleo], 28 o] E HYo] A
Zho| AgH A vk XFHE AlgHo EdS AEHAH R JhdE] AnA,
npR g, AAAGAE WA A e HEAHAR, A g Hek
kil PR E A=A wtEAZ F = EA= obF e A E oo & A
Z o} 9tt (Kassem, 2012). ¥k CAD/CAME AZAE A L8 & 4
g Rt AF (soft)o] 22 w2 (finish)eF vl (polish)7F &olshH, H| =
utE Aol oAk BFHT 4 dXut diFAE YA vtRA7E FHe] g
% (Rocca ‘&, 2010). Z3#H oz W43 Avjdo] 43 MY 528
Amz At HAEAE f19 FHS A% =g &4 A Fe 4ol
7kt k. Rz ado A AlgsE CAD/CAME FEA R 7FFsr] 4

= 59 gH2 EAHY gFE CAM 7] 20 ¥ el ¢354 = d=

o
% 7b% &84l ojof @k wekA post-milling 7HF Alzke] AR

o
d
N

e



(6-8 AIH) &
&

HE Azaor Aetve] A9 ArAdA AST A
CAD/CAM &

AzmEe AdstA] %<& vk (Fasbinder, 2010).
20003 o] CAD/CAME HEAE #HF EHOF Paradigm MZI00 (3M
ESPE)o] HxE A7/h% 2} (Giordano, 2006; Fasbinder, 2010). A4 +&-&
AXAE A 71007 Fd3tA Bis-GMA® TEGDMAE 7] #zloz
AFESIAI T F7ER wa-AdS A F7HAZ Paradigm MZI00 St
2+A717F 0.6 mQl A23Yol-Ag 7} & 85 wt.% -t Yrh. Al

o Zele] WA g AEAE A BYE ey £k -3y

8
P
T

= -
AE el aAFE 5 Grdom Addy Qd, Add BAA
7 =} 9

(stiffness) ¥} w}i

2011). Kunzelmann % (2001)2 chewing simulator® CAD/CAME A2}d
2 HAIAE Yz 599 wELEE Mg, Attia T (20060
CAD/CAME A A2 Paradigm MZI003} Vitablocs Mark % Zz$S A2}
sto] A7 =& ¥ et on Fasbinder & (2005) Paradigm MZ1003}
Vitablocs Mark II= A2tk Qldlo]& Ao A A &3 & 3t A4S =
of M-z3xs Wastdth. Kassem S (2012)2 Vitablocs Mark 119}
Paradigm MZIO0C. 2 214 At 27 =et vAFEs Hlal H7Hs
vk 2l

AL HEAE o &olgd =AAEI AgHe AnAdE FFAR
CAD/CAM-& AA= Lava Ultimate (3M ESPE)7} 227} % 1+=H], Paradigm
MZI0#= ZdolstAl =2 2%k o =ddA TFAA F54=9 9
Aol MAEATIL AT (Ruse$t Sadoun, 2014). i1 # LA 9] #

EAE 97 FEHe AW AN FFAAE 2 Fol7t Y, 1 GPa
o1l merel A Fev AQle] olFo] Fadtum FuHor e FH



5, 2008). Nguyen & (2013)2 a1 2 3Qtoll A T A5 vb& A A
A T HIMES F7IEHA @S £t dEAveEE T o] e,
53 d3 HAEIAE A

:‘_Il
rl
gl
it
f
Lo
o
i_,
g
E

=
>
I
=
N

2 A% (Block HC, Shofu, Japan; Cerasmart, GC, Japan; Gradia
Block, GC, Japan)e] & A71% 12 2t} (Lauvahutanon %, 2014).
CAD/CAME Agts =& AIXFE YR BEAS Frjxoz A
date] HAol A= =gk A R dAse] v JAF A F
A% (PICN, polymer—infiltrated ceramic network)S 7}A|&= 7 XA

gteol 2 fE A v V1 Hd AdEA @2 A dAE tAE Al

2] 71d 2 giAste] A x, @A, 14 (toughness) B wFR A EA S 7Y
Aek ¢ glvtar gt (Steier 5, 2013). th3A Al#tE network WS A
2} XA (adhesion promoter)® A #]g thg Ao @GFAE AFAN F
S&ste] interpenetrating VAT EE S F AUrh =S gHOoR A9
GFA 7 g Mgk Fxdd ghdstA AR Eo7tEE g o a2
-S43 AR GFAE wA-AAA 7L TFHA T FHEFFol 2

=

=
P A B sto] V|E FA o A AAES AAGE =40 gr]He
2 A" 4 g A (Steier 5, 2013). PICNs+= 3x9oz2 A5 o
A¥ FZ=E interpenetrating phase composites (IPC)8}al% 3t}

A2t interpenetrating X ¥-8 A FE = ¢F 300 d de A7fE In-Ceram Al
28 (Vita, Germany)°] d+=d|, tt&A Agte F+xd &§9 25 H
FAA AvAds 7AA S-S R Aty ilﬂo]ﬂr. IPCUloll = 2711¢]
AAH 4 (phase)e] EAEE AW T<¥€9 =4 (crack deflection) 5o ¢
al ¥ o] Wl E WS Jow, FIA= WMol Fo] Hi= A
olaf ] A 7tgo] o 4= dota &9tk (Nalla 5, 2003; Della Bona
s, 2014). He] dAet HHS EFSt] Axste V=Y AWk HEAE
A= Az FYol A3 thE Vita Enamic (Vita, Germany)©] 20139 A7
k. HAEZAE AbE9l Vita Enamice Algtd s} Zglwe] 548 143}
Al &3 interpenetrating networks® hybrid 7+Z% DNH (double network



hybrid) gt st=dl, dobddt FARSE GAAFE 7HAH, vl AL FHAE
e M Fotde T AR wEAZALS AL A FARe
ARt AFAE vtRAT = Aes Wokna v (Dirxen, 2013; Kurbad2t
Kurbad, 2013; Ruse®} Sadoun, 2014). PICN A A9 #Azx FHL 2-GA=Z
AP =g, AT Loz Aol FAL A Agu Fxo HAEAA
Al zgtk. CAD/CAME HEAE AMetel AiAe 7] Alepea vlasko]
A, FAA (rigidity , AR Qg Sol T
AEden 7tad P = 7 ATt (Coldea &, 2013). o] 3t
AE AT 5 de, A

Slth: Q77h wEHATh (Hest

g
o,
o
oj
-

N

N
[N
32
fd

interpenetrating® & % &3}o] &
Axlote]l B FAE s AAEE
Swain, 2011; Petrini %, 2013).

2 A8 CAD/CAME HEAE Yol FXF F&o ALgHI A

o
]
SN
ol
i
J{m

TETFEIH A okHAA= A A&
F & $83 842 AAHD Jv}t (Jandtet Sigusch, 2009). 77
ol M a2l o] B oF 29 mm/year Ao AHAA Q] wpEZE @ H A
ow, olFAHd FiRAE AAAt FARE wEREES Hojof 3t
(Lambrechts &, 1989). HYXAE #H 9 rnlEes giFiE 2-dAZ JP==
o, |4 #x 71do] mryu, Ay dert =% B =52 45 4
7b gerEo] E4do] A wiRIE JAgEATt AtelM s dF
WA (attrition), "}'E (abrasion) =& 2] (erosion) L= +
W, stR7E = e wekbM s F =AY HE5Ho] A
o] A Aol F HFWHAA gFo] Lot F T A A Beo] 31
gx= H2A vtE (adhesive wear), 7 =A 7} sliding® o 23 353k
TOo® Eeta vk whEA bR

=

WEASE = vhE A ul R (abrasive wear)

Al T E A Aol A A= 2-A] v (two-body wear)9t L Alolef 2
28 Zo] ujsfEo] doji}= 3-A wlE  (three-body wear)® At}

=
>
e
it

(Savabi &, 2011; D’Arcangelo 5, 2014). 7+ WolA FXAE
2 AR A KW wpRIE Hol zad gormz AlFto] 7 3stol wel w gk

P
T e
ol HA &= TAVE BT &= vk EI FEE AA Q] urtRA o] T



AT FRE A% HFAY AEF rhRE s B ohd HulgdE

(

A3 FEZ0 v ArS B@ristr] flste] thekdk wpE oA A
NERAA T, 7 oA M= ntrE GSetA Adste] 37t
g o]HTh de Gee®t Pallav (1994)7F 2703 ACTA vwE A7&
abrasion WIE&= AdET 5 JATE attrition WIEE APEA K= A
813l Suzuki®}t Leinfelder (1993)7} 7ldtsh wli A& 7] = attrition wFE-<F
abrasion PFRE 7217 AT F= YA 2 7HA mEEE FAlO AAE
= EA47F 9der, DeLong® Douglas (1983)7} A7)3k servohydraulic v}
B A= 74 W A3 Ade $58HA R attrition wFE 9} abrasion wFE
s Al AEE g oglen AFAAAIE BT die] vk Condont
Ferracane (1996)¢] 7f¥k3st OHSU wl® A& 7] (Oregon Health & Sciences
University Oral Wear Simulator):= abrasion PFE 9} attrition P}EE 5 A<
AN 7 dow Aol Ador gtdste] 2 AFol e 7]sol &
¥ OHSU oral wear simulator2 7 W #lR2E A3t CAD/CAME-
AXAE H3 £ nr=s S35

ANzl wiREE FFstsly] fste] thgFe W o] AEE =], de
Gee & (1985)2 mt=e] & 3 AHZIE A8t Hlsteal, Teixeira
5 (2005)2 "R A& AlH ] l:r”ﬂ 2ol & A8kl Hl WSkt Heintze &
(2006)8 miRo) wE FEu A 432 Zdo] £24& profilometry %3]

9} optical sensor X & =4

ON

17

b

o
Ny T
flo b

rr

\1
-~

(
B

P)
:44

}

Olr
32

3, AlHe] BA|EFolA 3D laser scanning
slo] Bl sl vl Koottathape & (2012)
=2 profilometry &2} vl 2] digital CCD microscope &3 & o] &3}
o mtREE AIFgstded, 2 AFdAE JEF2A 3D profilometry 3| =
np Zlo]|E =A3e] CAD/CAME HIEAE #HF B9 nfreE v st
P

CAD/CAM =29 44 #A&o] =4 F7lE WA CAD/CAME &A=

FA iR £ 4RE

Jm
o2l

=4 |
SR f8o AEAE el AFEol 2AHDL AW, JFAA o] %
A4S A9 0 £gol B & b JEAA FREL Bol ¥ ol
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1. 48AQ =8

2 A= 71 AdA e ek HE EFste] Az
CAD/CAME #HAIXAE #HH £ % (Lava Ultimate, Block HC,
Cerasmart, KZR-CAD HR, Polyglass ICN& CAD/CAME #HXE

g9 59 1 F (Vita Enamic) & & 6 T HIAE £9& AITL o= o}
Atk (Table 1).

AXAE AAE AxALY ABAd wet t==29y (2] 10 mn, ¥ 6 mn,
FA 2 m) AHEeE Az vF dF5d (KF 25 m, 77 15 mn) oL E
A7 290 HAEAE AHo] Tl AAEHES o ZA] Hlow FEulstqd

H LS #600, #1000, #1200 2 #1500 grit SiC AvpA =2 &3}
Ao dupsto] 2 AR 10 7He AlHE =083 3-A4 vE Al S
M= F 10 meo] PMMA % 1 g3
poppy seed 2 g& E§slo] A} ARdoll A e F ARSI

H oo
-

AE Al

filo

(abrasion medium)® <

Table 1. Materials used in this study.

Brand Ceramic

Resin Ceramic - Manufacturer
name fraction
. SiO2 (20 nm), ZrO2 (4-11
Lava Bis-GMA, UDMA, ; - 3M ESPE,
Ultimate | Bis-EMA. TEGDMA ™), ageregated SiOz = 80 wt.% "y
7ZrOz (0.6-10 ¢m)
Silica powder, micro— Shof
Block HC |UDMA, TEGDMA fumed silica, zirconium 61 wt.% i 0 ‘r*l
silicate apa
Bis-MEPP, UDMA, Silica (20 nm), barium o GC,
Cerasmart DMA glass (300 nm) 1 wt% Japan
SiO2+Al203+ZrO2 cluster
KZR-CA (1-6 pm), submicron o Yamakin,
D HR UDMA, TEGDMA filler (200-600 nm), nano o wt.% Japan
filler (20 gm, 100 zm)
. feldspathic crystalline .
%hta . UDMA, TEGDMA particles in glassy 86 wt.% Vita,
namic matrix Germany
Polyglass Bis-GMA, TEGDMA bgrium aluminosilicate, 80wt % Vericom,
Blank zirconia Korea

_’7_



2. APy

T WolA AqyPs = mpadgds FASA @S 5 = OHSU whEA|
& 7] (Orergon Health Science University Wear Simulator; Proto-tech,
USA)ol A#HE& A#3tal antagonist®= T8 (XF 6 mn) steatite Ak
(Proto—tech, USA)& A}&3lo] attrition "FE ¢} abrasion "FE¥AHS F A9
A&AsA T (Fig. 1). Attrition P29} abrasion "}R7F &5 = AJH F 9]0
antagonist® 7}siA|= ¥ ZHZF 90 N 20 No] HE=Z HAHsH9 L,
antagonist= =93 60 39 == °F 8 mm AZE 50,000 3] A 5=
= oY (Fig. 2). v A S A § vpEAF 7oA AJHS A7 8o
| (3-D Profilometer, MTS, USA)= A]

Holl A whrg REo] npr Zolg A3 (Fig. 3).

o

BA 20 1l A 3 B

N

Fig. 1. OHSU oral wear simulator.



antagonist
(steatite)

g

rasive

attritiof
wear ~——— wear
region et

i el N  Tegion

width, mm

00

Fig. 2. 3-dimensional representation of the wear trace produced on a
specimen.

Fig. 3. 3-D Profiling system.
3. %A A4

ZF AT o 10709 AlH S o2 attrition vFE Z o] 9} abrasion "FE
Zolel W@y wEd

=2
AxE TetaRew, o % 0.
Tukey multiple comparisons test (WINKS 4.62)& &

0504 ANOVAS¢}
off =48t
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a7 23

OHSU oral simulator® +7ZW =22 A& A)#HS 3D profilometer= 2

N3 A= Fig. 49+ 2t} Fig. 4at vhR® Lava Ultimate A& 2713k
agom ARxle R zlo] Aold wel thE Ao g wAEA=H, gk F
BO attrition PFR7F A E YT o] B 2 A Ao HiF vl Zol=
Z=A3}e] attrition PFE ZolZ &9, 9 3 A HoA e Hir vr Zo|E
Z=A35}o] abrasion PFR Zlol® stgth zZ+ AZY 10 /| A A A =A3H

o2 agbrasion "FE (222 + 0.87 )¢} attrition "FE (1351 = 2.15 gm
Pz 25 AxE Fsto] Table 20 A gldtgd ). Fig. 4b= R4 Block
HC A#HE 27038 I1¥ 22 abrasion P2 Zol¥ 1.74 + 0.33 um, attrition
E Zlo]&= 1228 £ 1.95 m= AWEHQl wiR A2 Lava Ultimate2} FAF
%t} Fig. 4c= vhE ¥ Cerasmart A|HE =70
Zlol= 175 £ 059 ym, attrition PFE Zlo]i= 585 + 216 mE A FFo|
A AL vfRrEE BRIt (p<0.05). Fig. 4d& #tx2 ¥ KDR-CAD
HR A #H& 27138 13 O & abrasion P} Zo]&= 345 + 1.27 m, attrition
upE Zlol&= 1407 + 079 m=  AREHQ wlE A2 Lava Ultimate2}
A} Aol Fig. 4dex vFEE Polyglass A|HS ~
996 + 1.88 m, attrition "}5 Zlo|&= 2501 £+ 129 m= A TZ
A FolEtA %o ntREE BT (p<0.05)

~

;

(

t 19 0% agbrasion RFE

¢

=)

Sk 1Y © & abrasion "R
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Fig. 4. Scan data of specimens after wear simulation.



Table 2. Wear results of experimental groups

Groups Code | Abrasion wear (um) Attrition wear (um)
Lava Ultimate LAU 2.22+0.87" 1351 +2.15°
Block HC BHC 1.74 +0.33" 12.28 £1.95°
Cerasmart CRS 1.75 £0.59" 585 % 2.16d
KZR-CAD HR | KZR 345 +1.27" 14.07 +0.79°
Polyglass Blank PGL 9.96 + 1.88b 25.01 +1.29°
Vita Enamic ENA 3.05+0.95" 14.97 +1.24°

Note: the same superscript letters within the same column are not

significantly different (p > 0.05).

AE A9 Vita Enamice] vEE 3HE ~
05 £ 095 pum,

3
mz AEAE A7 AFLIA KA F

AT FdE A

x|

-

M 2L Fig. 4f9} 2o, abrasion "FE Zlo]&
attrition "}X Zlo]= 1497 + 1.24 X
A5 ®Bt) Fig. 5.0+ BE 239 abrastion PR} attrition PR EES

Y ze Hasksd



Fig. 5. Wear depth results of experimental groups.




V. &2 42 1%

2ol A AbEE L Qe tiE A CAD/CAME 242 Aetd sy AXAE
o] 9li=dl, 1985l A2 27lE CAD/CAME Atd E2& EA]o
Aoz MAdx AR AAQI gk A viRs A s ojord 3}
Az ol qar, 200089 A~/E AEAE #HZ EF (Paradigm MZI00)&
At Bt 7hgo] golatw FAE AA vtEA 7= FFlo] At whebA
WA mk ool $-4=3 CAD/CAME 2A=2 Agtds AILAE 79
RS A 2R QBT a4 H L vk

CAD/CAME HEAE #HF &<l Paradigm MZI00©] A7l=HA A 2t=
S99 7IAH 543 vt A7 Hx =, Kunzelmann 5 (2001)2
T W mtR A do] 7153 chewing simulatorE o] &3&to] A Agky
(Vitablocs Mark II), ¥ /2] -73}3 Algt=l (ProCAD, Empress) % AXAE
#7  (Paradigm MZIO0) 5 CAD/CAME E29 wgd mR  (occlusal
wear)E #H7}8t =1, Paradigm MZI00S t& Algte] A Kt mprert 2
v Aw woror wMFA-sty Aty e wir=r 7HE A Jdoka stk
ey Paradigm MZI002 th2 Algtirg diehA] HaddS 7P AA vz
AA Y A& Aol Fad dHeol 2 Advkal skl Attia & (2006)
2 Paradigm MZI00¥} Vitablocs Mark 12 Fg}$S A ZFsle] JA4HAE=E
Hlagk A3 #5938k Zpolzk gl stiedl, drkFor Aebd] Agke-o
$dZd =7 o S5 Adojgta 45 F AT AXAE
resiliency 543 5% &3 F54 & FHE G EA 9 HEAE
gz Aol At Ak ded FEAAE=E Bt §slvh
Fasbinder & (2005)2 Paradigm MZI002} Vitablocs Mark = #|ZFgk <1
of Z}z} 40 A S Al A A& F 3 G WHAAFE  (margin
adaptation)®} M-%3EE Hlw Hr7rs A7 279 WAHITEE 1
FotR o Az Aol wEt HEAE o] wiREHA WA GE Ao
7F #EEQom AM-%3txol Z$- Paradigm MZI00S 914 %= Vitablocs

E

Mark IIi= 58.8 %5 X HIEAE X Qlddlofeo] A kAol ¥ -3k

7|

A

=

apx
r {

i



ot 3kl Kassem 5 (2012)2 Vitablocs Mark 1€} Paradigm MZI002 2
Zk 16 RA A zRgE AR Ak g2 AFAE (AR mAEES v
Brtstd=d, HEAE dxoz ARG Ao A¢ EE A#Ho]
1,000,000 3] wrETAIF Folk g ux] ko, Mk Ak A¢

W FTGF-YolA Fho] WwAE O] Paradigm MZI002] 3] 24 A o]
Vitablocs Mark IIH.t} $-4=3A] #ZH At o, 53] Azt A&

of A A S AWME FEo] V2 AL d¥FE € 7 Ut

2 A
IAE Gz EHo HEstee A7 ExHdY (Nguyen &5, 2012
Nguyen &, 2014; Phan %, 2014; Ruse®} Sadoun, 2014). Nguyen & (2013)
2 300 MPa &8 3 200 CAlA sttt

i
Av A & H7tes FrrekA g2 %?“& ggAte 2 F3o] 7hE
==
K3

==
K3 =i =
B Uneen Anee §3AA AZAE A9 gold 24T Ay

A
S=dl, Paradigm MZI00% = Aoldh 2% 9F b5 Z 7ol A
THANA =S FAAALES AT F AdTFL AT (Rusest
Sadoun, 2014). Lava Ultimate= 227} 92 (20 mm), A22FZ Yo} Uz}
(4-11 nmm) % Ae7tet A=3Yol Ydre-d27E SH/E - A (cluster) &
3 F Al 28 J (80 wt.2%)7F wA-AFETF v w=e Zr 3
AHE AEA Yre-Azgielor BERFHEI Quh. Al ZAFelA A|AJgE Lava
Ultimate®] =37 %% 200 MPaz= W{FA-7std Agte] &9 (140-160
MPa) Bt} 538 7|A4 5A4& zZeva o, A #fte ¢55kd
Agte By FEE FAZ 05 m A% ZFA2AA A AFe = dvta &)
Ak =g A7k o

-
- A
ol A 71ofstel HEAE U £ ZARQ AEHA T v =



ol
»~
>

2
off
)
2

e Seka-AdE SR fFAsHA R E AT s
(Fasbinder, 2012). 1dol %= &3ta Algte]l def Jziel #Hzl dgAEs &
Fot= A WA om A xste] TFAA AHEste HEAE I
= oA " 714, 49§39, 29 FH, 29 27 9 2y ANAZA S
of AA 9Fe e F Artar b (Ferracane 5, 1998; Ferracane, 2013).
Yamakin (Japan)Atell A <ol EA)13F AEAE 2 (KZR-CAD HR) &9
< UDMA® TEGDMA =& @aFAlel SiOx+AlOs+ZrO, Y Ake]l S A (1-6

), ZHAIJYAE (200-600 nm) R =2 (20 pm, 100 mm)E 7tk B
et thg 110 °C7HA 7FEete] 22k E-FHAIA v 7AA
AA FFAA TG A (Kato 5, 2012; Imai &, 2013).

CAD/CAM& Alet9ie] @ils 875 oz 7fMdsty] flste] HAdol e =
2 S ZYHE gAste ZEY JAE ARy g4 E (polymer-infiltrated
ceramic network, PICN)¢l AFZAE Aztgo] A/fEArt. AZAE # Ao
A EEw Tdo] AgE A 2 AlgH dAE bFE Ay 71EZ A
sto] A=, e AS, <A (toughness) 2 mFEAIAS /fAE 4= v

stk thEAd AlgbY network WS HZ XA (adhesion promoter) =

WalA ARe SollEE W 0g neow d-Fgsn vgAs A2

o
e 4 vkar skt (He9b Swain 2011; Petrini s, 2013).
P2 AXE EFst] Azt 719 HEAE A= Ax F
o] 48 & HAXAE A<l Vita Enamic (Vita, Germany)< Al 2t
ol EAS AHA3tA §33F interpenetrating networks®] hybrid T+
%2 DNH (double network hybrid)2}tairx= 3ttt 20139 A7§¥ Enamice
dFu bR Zste A -Aed] 86 wt.%et A %8 @z (UDMA+TEGDMA)
14 wt.% 2 TA ¥ interpenet— rating network ++F& 7}AW Lava Ultimate



o Al R ol ¢ VA4 SA4E de F dua sld
(Kurbad®} Kurbad, 2013). =3 CAD/CAME HAXAE Az A2t 5
T2 ARk AlgH o2 AAT FEE BU 58 (repair)7t &old il 3
t} (Rocca %5, 2010; Nguyen =, 2014).

Lauvahutanon 5 (2014)2 CAD/CAME AXAE #Hx &2 4 F (Block
HC, Cerasmart, Gradia Block, Lava Ultimate), ZA X3 E Az4 1 & (Vita
Enamic), &A14 Alet=l (Vitablocs Mark ID)¢] 71 A& EA (345, F34
A, 2HAE), Mgt de 3 2 @A 55 vasiit Ay 2
2 sFaF2 Vita Enamic©] 864 %= 714 @3kon, th3 =2 Lava Ultimate
7} 731 %, Gradia Blocke] 70.5 %, Cerasmarte 65.0 %% 1L, Block HC+=
619 %= 71 @2 s BAva AT o]Fol|A Lava Ultimate, Gradia
Block % Cerasmart®] Zv] 3 A ZAZE AAIG gk 2o fFostA v

#= Booh dx AHCdA CAD/CAME =99 =34%+ 1266-242.0

ST (37 Tl BasAY, 743 S (37 T)oll a5 10,000 3
zZ

)
QARG 49 AXAE G 2 A adhe %
e mdod, AEAE A g Ao A9t fo@ wWiE w
o)A grsktha shelrh. Az AHelA Zele] FHEAASE 96515 MPa
Moz A gavte Aude Ryt £ 7 A7 FHF G7 O 1
A, 7 A FHE (37 Ol wEE F 10000 3 AwBANG B
= FRGANFE FA AAAA FAT BUAE gl A9E AP
W ode g gnde wgew 7 A% FRF (7 O] nuaAy 7
Ak FHF (37 Ol HEF F 10000 3 A-wBAF A% §215

% = A

F 9ota g = (Mandikos %, 2001), ¥ 72 =9
Agt e AFdA = o AT BiE7|E

AT (Peutzfeldt®t Asmussen, 1996; Cao 5, 2010; Hahnel %5, 2011).
Awnjagoe] §-g8tal ARgo] FHEFY] FAE FhEA R A AFEEHI e

-
AEAE A9 A IR iR AFHL FARFD B QY A e

> o



aestofol & Fod 94w AHH vt (Jandtet Sigusch, 2009). ©]%
Mol FREE AAA L fAFA vhmEofof AR, FEAE w7 FEE
o AdAnT ol viuE £ OB FRE FF F Azl FAFel u
o wel EAZ BAY 5 Ak FERE AAY UehrAel FoskAw, 5
wgd o gEAe] Hed s AZHs wgPE 4, A5z

o

o
=
M
(o]
©
i
1o
o>
=
X
r o
=)
=2

D’Arcangelo &, 2014). H¥XAE Y9 vl &=

)

Mo o
ke
R

w29 Age dejvt ggEE Bgow At weta FUsHA

Aete e dxl 71dS Baste] AAAQ vEATES S7HAE 7 3
7] Wil w7 del Aol AFE B Fo mAg Y dAE FEA
1 AMes 78 AZAE AEo] MEHAT. =, 2jA-Ad#d HEA
E 3 (37-40 vol.%) B ¥ E ¥ Bo] e He-dAE HEAE
A (60 vol.%)o]l A7fEo] JAZF A e (interparticle spacing)7} ZFA¥H

Al HAEAE YR R Agdde AA FFEHAT D'Arcangelo &
(2014)2 #H ol 29 HEAE 2 (Enamel plus HRi, Filtek Supreme
XTE, Ceram.X duo)< T WA FARE vPEARA S
Zr=tta &t

T4 WA A= mtrsE At Adste] A3 FHEY] R A=
g F7kste A2 v olgth FAEETAR] ISO/TS 14569-2911 4= DIN,
ACTA, Zirich, Alabama, Freiburg, Minnesota, OHSU % Newcastle %I
A AAIEE 8 7FA] wlR A #EWH  (antagonist, abrasive medium, antagonist
movement, reference material) @} vlRH AJH S=AHHE AASHA AdHsa
now, 724 AFAES AAE 8 7HA W FTolA AFEA AdHste] Wi
T Hrbd A8 4 vt skl th Heintze & (2012)2 6 7FA vt Ad
HH (ACTA, Zirich, Alabama, Ivoclar, Munich @ OHSU) <ol4 OHSU
ol oA Adet 7hd 2 AdE Bl skt wepbA] 2 Aol
= abrasion PR} attrition "FEE FAll AT 4= 9= OHSU oral

wear simulator (Condon® Ferracane, 1996)% 7+ wmlEES 7335}

o
o
oo
ct

o
i

juy)
—



CAD/CAME HAXAE #x £ nfrrE vl 3 7tatgih

7 el A abrasion RPFEE = 3-A "R
2 ey v A rbR e g 24 mpred dAHd #EE attrition
ntEE F2 2-A4 vlRE AP antagonistol]l 93 AsHA T4 e F
oAl Aoz mrEt (Heintze, 2006). 77 Wl Al abrasion #}E 79
o= 15-20 N F%¢°] o] H&¥ i (de Geest Pallav, 1994), attrition »}E
HF-9loll= 50-150 N ®#1e] o] A= Ao=m FAsto] (Lavelle, 1972),
2 AFelA = abrasion PR F-9] ¢} attrition vFRE F-9ll ZHzF 20 N3 90
N & 7tety 74 bR s Adsdo. AA 4 Wl ek FAkgE 3-4)
R E AEs7] fste] mtE ujsfE Addo] FQstth (Lawson 5, 2012).
de Gee & (1986)2 vlE w7/l &= millet seedt} PMMA +2 T+ 7 71A
THES = A AFESHAY ERE ARESte] mlR A3 S
millet seed?t PMMA &S &8st AMES 4A-¢7F 4 A39 9% &
At thar stk A BE=TA Q0 ISO/TS 14569-291 4= vl vi7fE o
A2 poppy seed T 2 HA FEI PMMA 2 AMES
OHSU oral wear simulatorell A= PMMAS®} poppy seed T3ES A}-§3}<]
MRS QAT AQAAT ddAF e R EATE AA vpEES vl =
S ABAdSE Bga 39t (Condond}t Ferracane, 1996). - A to A=
poppy seed?} PMMA #&& S0 &3ste] vt v/l &2 AL&38A

A3 Aze] wEE Ax=E ALy 9 4 A= Ag:

fu)
I
ML
dlo
1
it
ojft
filo
=)
=
fru
prL

(accuracy)®} A% (precision)E 2ZrFil glojof it} “AHIF=
(true) @ FHAFH, “AA="= AEA (reproducibility)ol 33
t AEIAE YR nRAZLES AFH 2L X SR Hretr] ¢ sko
de Gee & (1985)2 vt AlHE] xW AHVIE FA45t vwfEEE vaust
a1, Teixeira & (20050) vlE¥ AJHo] F7 Z4AE micrometer caliper®

Asto] HlustA=d, o] WHES mtRE7F vl Ao 3 A7 7
Res T AT 53
% (Suzuki &, 2009). & W oE mEH AHY FA FAE FAHEY

Mg grlstele ARsk A, BRG] & Am it 3&d



Sl 52 Wbl Algte] & 4 vkl Y (Prakki &, 2007). wFRE A
He] H=2 gAlwda =AW (profilometric method)¥} ZHAFEHE o] &3k &
ngoe R wrd zlolet FyE FAste] FAsts Wio] AUiEA=H
(Wonglamsam &, 2008), o]#3F Ao & A&
2 oupRE 3We AHVIS mE ZlolE HUME F U= Aol o BE
AgAEC] Aol A&t vk =3I HFA =
sk "] " =2 3D optical profilometer =74 x| 7} 2715 At} (Cao 5, 2013).
Heintze & (2006) X348 AZAE #Hz19 vt HEE X357 ¢35+
AlHo A 2 A" By 4" HY 427 Zo]lE  profilometry
(Perthometer C5D, Germany)$t optical sensor (FRT MicroProf, Germany)
2 =24, AAHY EAE A 3D laser scanning X (Laserscan 3D,
Germany)® "lE= EHAEH s SAsto] npRE ALFIHS Hust =
o, 37F4] W B ARstgom AREshr]o] A A Aor BPAINE
laser scanning®e] =7} wh=w Apgo] kI o] Slvpa &
Koottathape 5 (2012)2 AXAE R nR=S Hrlsles WHoR HE
21 profilometry &2 (TalyScan 150, UK) %+ #]HZ2] digital CCD
microscope (VHX1000, Japan) FX & wfREE =A3 Ay =4 Fx]o u}p
2 o Zo] glol FARE #he Eua it 2 dATelAM e J54
3D-profilometer= v}EE Aol wtE Zlo]l& FAslo] v st
Stawarczyk % (2013)& AdFo= 5 9o CAD/CAME #Z (Zeno
PMMA, Wieland Dental+Technik, Germany; artBloc Temp, Merz Dental,
Germany;, Telio CAD, Ivoclar Vivadent, Liechtenstein, Blanc High-class,
Creamed, Germany; CAD-Temp, Vita, Germany), <A Z o2 duk =3t
& A (Integral Esthetic Press, Merz Dental, Germany), %A o)zt
AEYAA Feta-Agy (Vita Mark 1, Vita, Germany)S A #lato]
antagonist= 2-A vlE AP S A Ay, A dxz2 S -
ntRgo]l #zl EEREY FostA kARt |
npEAZL Ao w #AH T A T3 Sdka-AldE 2 fAbsHA kR
A=N

&0°] ¥t Telio CADE A93 4 F2o g &9 viE&2 fF2ogh 2ol7t

22 antagonist® 7FY G



H 2 54
t}al sk th. Lawson® Burgess (2015)% =& ﬂ‘“/kol A AT (25 wt.%
uluhol= ¥ 29}y (fatigue fracture)ol F <fst

(50 wt.% ©o]%)el = abrasion PR FHoFsk 4= 7] wiEo] Y=g
E oA Adgt dejo] shaFd 25-50 wt.% Welekar A ts T
Aol Frhgk AEAE #3 &¥ FolA abrasion VHE R
Polyglass”7} 934l &9koem (p<0.05), Y™ A 4 % (Block HC, Cerasmart,
Lava Ultimate % KZR-CAD HR)9| "R =+ 193 zto]lE& HolA Fskth
(p>0.05). AZXAE o Azgtel d7 dZF3} abrasion vFEEQ AFAA
(R* = 0.1099)& - wre 7S narh dubdow AXAE #79| abrasion
nhR AFAEL Y JARE A d¥s We AoE dEA Utk
Lauvahutanon & (2014)2 CAD/CAME HYAE #HZ &5 4 % (Block
HC, Cerasmart, Gradia Block, Lava Ultimate), AXAE A& 1 & (Vita
Enamic), &2 A A2t (Vitablocs Mark 119 w42 SEMeo 2 %z
g 23} Block HCO A= Ag7tel A=2am-HeclER 749 2 7HA
39 3 (spherical) =}, Cerasmartd A-$+ Ajzoe=w zu #d3s
A Bxd dFujyg-ntE-dgAolE YA, Gradia Blocke] 5= 2 7HA
TR A (G em A EarHEE JH FE Hdevte A Ak
AiA o® A A FE o etg-dFru-AdgAolE A}, Lava

Ultimate= tgst A7]9] A 23 F5-AgAOlE YA}, Vita Enamice] 7

Fo9m, AY o] we

)
i B

P2 —lo

FPE

59
4_4

rr

YEE-dFrU-AgAoERZ FAE dense network T2t & o]EH-
AeAlE dx7F #EEHAYa el S, wAg Y 47 A
3 ¥ Cerasmart’l tt2 HYEAE dF E2 Huh 543 abrasion "2 A
S HOl Aow HYY



2 AFA Hrrsk AXAE G E8 FolA Cerasmart?] attrition v}
L7t b AL, Polyglasse olshAl =2 vREEE HAom (p<0.05),
U™ A 3 & (Block HC, Lava Ultimate @ KZR-CAD HR)9 "R =+ F9
3} i}O]—% rolx] &ttt (p>0.05). T3 Mgty Heleo] gk} attrition WFE

3 (R® = 0.1684)2 Yolr Al e nfm AFA o 4L FX
vk detq o HEAE #HH9| attrition PR AL VAA A=
of FFS e ZAdow deld UdAINE 2 AT AH AFARNA AAG =
4% g attrition VR A= Aol (e AR Uyt =
=H7d%E gol 300 MPad== 7P =#x74d=7F & KZR-CAD HR9
attrition VPR EE 1407 m=2 F HA £9 280, F374 %7 231 MPa
2 27 Cerasmart®] attrition "FEEYE 585 m=z 7F4 2kt Tamura

(2013)2 AXAE #xlol] H7bd vkt o7t vt 7 A4 54

=
[e)
FE 9¥e Porsged, ugd vt 4% 2o FPo| 18542 3

’

7heb= Aol #EE vbA) A& o9 wpR e F9w= de 3o wet
4y FFo] T o] FolstA dEHJT L SFATh

AEZAE Ay &2l Vita Enamic® 7% abrasion "IEEE HIEFE
A7 &2 4 & (Block HC, Cerasmart, Lava Ultimate 2 KZR-CAD HR)¥Z}

AR fe Kol TP e Luol  SSEAINE  attrition MFRE ==
Cerasmart Rt i, &2 AXAE #3 E2 3 & (Block HC, Lava
Ultimate 3 KZR-CAD HR)Z #AHSH @& ®o 5 WA &9 250 &8t
Ath Moérmann 5 (2013)2> CAD/CAME Alv]F&A2] 2-2F vfRA|g o=z
ntR 548 vastddth AEAE Mgt l Vita Enamice] 49 A 2340}
E AL o AgH BHo AL nREE Hol g ntRret folgh
Aol 7 gllew, Yy AXAE HIIQl Lava Ultimate$h=
oF

_IQI‘
Qriil shlth  E@ CAD/CAMSE AXAE #de w4 S4e
H

)
2o A&l £A 8l Ziii B AT



Aol E H2dd dEeE =AY CAD/CAME HEAE £=¢ vt

529 abrasion PR EE 1.74-3.45 m

p<0.05) -+ PR AFH S HAT
2. AXAE # 599 attrition vFE %=+ Cerasmart’} 585 mo =2 <] sf
Al skeremn  (p<0.05), PolyglassE A3t 4F<9 HIEAE I
12.28-14.07 mo. 2§ Aol flAL (p>0.05), BF ¢ mtR A

= Btk
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