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Student's t-test& AF&-3tlom, A AE+ AFF 245 9@ Tukey
HDSE AH&stith. & Al 93] Ao Haak BXd= 448
W 2}o] H2498 Q)& Wilcoxon signed rank testE AF&-3 o™, A &9
2 zpo] 5 EA317] 98] Mann-Whitney U testE A3tk w3 <1
Aol gk BAS 98]l Mann-Whitney U test® AF&3HA T (=0.05).
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Table 1. Materials used and group categorization

10
10
10
11
11
12
16
20
21
26

Table 2. Crystallization parameters for post-milling heat treatment

Table 3. Elastic modulus (unit: GPa, n=5) of the two lithium dis-

ilicate glass ceramics before and after heat treatment



Table 4. Biaxial flexural strength (unit: MPa, n=30) of the two
lithium disilicate glass ceramics before and after heat treatment

Table 5. Surface hardness (unit: GPa, n=10) of the two lithium
disilicate glass ceramics before and after heat treatment

Table 6. Fracture toughness (unit: MPa-m"? n=3) of the two
lithium disilicate glass ceramics before and after heat
treatment

Table 7. Coefficient of thermal expansion (X10°/C, n=2) of the

two lithium disilicate glass ceramics

(2" 52

Figure 1. Fixture with a piston-on-three-ball set up according to
I[SO 6872

Figure 2. Weibull modulus (m) and characteristic strength (gs) of
the two lithium disilicate glass ceramics before heat treatment

Figure 3. Weibull modulus (m) and characteristic strength () of
the two lithium disilicate glass ceramics after heat treatment

Figure 4. Field-emission scanning microscopy (FE-SEM) micrographs
(x10,000)

Figure 5. X-ray diffraction (XRD) patterns
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Group At BE $l3f IPS e.max CAD®} Rosetta SM z}7z+ 87H2] &
HS 9 34 Arlr] (HRG-150, AM Technology, Asan, Korea)Z
Abgste] g o R Vg &, I dAntr] (C40, Sungkwang Machinery,
Siheung, Korea)& AF&3te] 2174 12.0 mme] 953 o2 7133t}
Group C¢ DE {3 =thE £ 8/l A& 983 oz 7Hgets, 243
A A9 5 (0.2-0.4%)= EZ3st7] 98l 274 12.1 mm=E A =3}
At o] EES thololBE Fo & A23 #320 MESH tholoj2 =
242 drtsted g3 FHZ HEAT. Group A9 B= 1.20 mm,
Group C¢ D+ 1.21 mm FAZ A& ste] g4l (SPL-15,

Okamoto Corp., Yokohama, Japan)2= 6 um, 3 gm, 1 pm YAA7]

Table 1. Materials used and group categorization

Group Product name Lot No. State
A IPS e.max CAD LT A1/C14 R24003 Partially crystallized
B Rosetta SM C14/LT Al BF03EF1410  Partially crystallized
C IPS e.max CAD LT A1/C14 R24003 Fully crystallized
D Rosetta SM C14/LT A1l BFO3EF1410  Fully crystallized




o] tholol=t &gl FoA HF Antetdtt. Group Co D& ZH X~
HYy 2 (RPF 12, Hass Corp., Gangneung, Korea)Z AM-&3f A ZA}<]
HAud= dA 2 stAt (Table 2).

A AT 535 @A IPS e.max CADS}F Rosetta SM 22t & A
o] 282 dAgsta golot2 e F& ]85t 8x5x5 mme| As1
A G AR F O AS At 2 F 2o~ HY 24 5T/min
o2 600C7HA 7FE sl 2083 FX & AW (annealing) 3t th.

Table 2. Crystallization parameters for post-milling heat treatment

Entry  Entry  Heating Final  Holding Lower Start ~ Release
time temp. rate temp. time table  vacuum vacuum
6min 400C 30C/min 845TC 10 min 700C 550¢C 845C

285} B AS 37
IPS e.max CAD®} Rosetta SM Z}7} 5719 £ & 98 a2 34
s ALgste] A A, Fo 84 AleE S8y 2

7] (AccuPyc 1330, Micromeritics, Norcross, U.S.A)ZE BEE&

N

AN

=33 & 253 pulser receiver (UT 340, UTEX Scientific

.

Instruments Inc., Ontario, Canada)& AF&3t] ZS37F AlH
oot Fuet I S5 474 SH6H. T P Y £=
Aol Bx, Fold HE T3 22 A st &4 AlFE 35
AT

mlo

-



Poisson's Ratio (¥) = {1 - 2(V2/ Vu)?} / {2 - 2(V:/ VL))
Young's Modulus (E) = {Vi2e(1 + »)(1 -2v)} / (1 -v)
o] 7] of| A

Vi= % &
Ve = 33 &
p="5%

2. 01F% =5 AE 54

ISO 6872914 73 & o= = Al JAst], Figure 13 22
A5 WHE9] piston-on-three-ball B|2EE A3t tl~3
o AlAE AE 10 mme] ¥ 9o 120% HAo=Z v xd A e 34
T (F74 3.5 mm) ¥l Eel¥3 T5 AE7] (universal testing
machine, Instron 4202, Canton, MA, USA)E At&3t] 2174 1.2 mm
o Az R 52 7iste Al & i stFE Tk ol
H2EY £2 1.0 mm/minel™, ¥ 2=3 t23 Al Ale]ol& 50 pm

o Eeldgd BEL Fol 30| w2 ANAEE St

Figure 1. Fixture with a piston-on-three-ball set up according to ISO 6872.
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oF EF Are v 2L Yo I
o =-0.2387P (X-Y) /Db’
X =1+ v)In (r/r2)* + {(1 -v) / 2} (r2/13)°
Y =(1+v) {1l +1In (r/r)? + (1 -v) (r/rs)?
o] 7] o A]

Q

DAY A= (MPa)

b @ AlAe F7 (mm)

P g% g% (N)

v 1 FolsH] (3 RE2E A%lE 0.253 AHY)

ri - AA L] 94 E (mm)

= FrAFSHAl Y Al 1070 &
o HHS & N A FEFste] 2 SpdAvY 53] A wlola=
=7] (HM-124, Akashi, Mitutoyo Corp., Kanagawa, Japan)Z A}

g3tel WA~ g SPRAT”
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Japan)E Al&3led A4S B89, 40 Kv, 60 mA<2] Cu Ka x-ray
£ ol &3te] 10°- 80° 9 3|H 7o 2 5°/min ¢ 27 S22 BT
A 8- e 24 I~ 31" FF99 (JCPDS) Mls 3=z

sttt (JCPDS 72-1140, 40-0376) .7

7. 49 AT A

[SO 68729 7#HHE wep o], nxx AF AlF 4 4H
(Dilatometer, DIL 402C, Netzsch, Selb, Germany)S Al-&3lo] &7
nu 25 AHE F7] Sl 25Tl 600C7HA 5C/minZ 71E &
FHd 2 < g ¥, IPS e.max CAD®} Rosetta SM 2H7} 270 A <] 713
9 AAS FF AAYG 2 oz LAl 600CTHA] S AA

sto] 25-500T, 100-400T, 100-500C FtellA e I3 Al4+E T3t

olF =2 Fx=o xW x| gk A flal old T4 B4& A
gotdnt. o] F o=
testE Algston, W AEe AFE B4 E 98] Tukey s Honestly
Significant Difference (Tukey s HSD)E AF&3tth. &4 A<}
I 149 gk EAMole dAgo] WE Aol EAM2 flal Wilcoxon
signed rank test & A&t o™, A B WE zo]E FAs7] H 8l
Mann-Whitney U test® AH&StA T &7 42 SPSS 20.0 (SPSS

c., Chicago, IL, USA)E ©] &3] {9 % «=0.052 Al @53t

=4 Aee FEHRE B4357] 98 Student's t-

11 - | ".'.l'j
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Rosetta SM°| B =4 YE%T (Figures 2 and 3).

Table 3. Elastic modulus (unit: GPa, n=5) of the two lithium disilicate glass ceramics
before and after heat treatment

Crystalline structure IPS e.max CAD Rosetta SM p-value

Metasilicate 91.32 (0.62) 88.14 (1.25) <0.05

Disilicate 103.52 (0.85) 99.68 (0.61) <0.05
p-value <0.05 <0.05

*The numbers in the parentheses were standard deviations.

Table 4. Biaxial flexural strength (unit: MPa, n=30) of the two lithium disilicate glass
ceramics before and after heat treatment

Crystalline structure IPS e.max CAD Rosetta SM p-value

Metasilicate 238.60 (45.19) 215.98 (46.16) >0.05

Disilicate 421.20 (103.53) 443.49 (64.90) >0.05
p-value <0.05 <0.05

*The numbers in the parentheses were standard deviations.
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T T T T T T T T T T
2 & [Partially crystallized state E Crystallized at 845'C for 10min. |

® emaxCAD /.' ® emax CAD g
1E @ RosettaSM /.l F a 2F @ RosetaSM P
() ]
4 } f
= m:
G,

801

Inln[L/(1-P)]
T
-
24
z
&
...-
.h%
”
|
a3
s
z
Inin[1/(1-P)]
=
a g
‘.:
[ ] ‘ §
-:m.
p

. 464 MPa
° 2F ol
// LI )
3 » [ ] 7
e
“4E o u 4F -
1 n 1 " 1 n 1 1 1 1 1 1 1 L 1 1
4.6 48 50 52 54 56 58 60 56 58 60 62 64 66 68
Inc (MPa) Ino (MPs)

Figure 2. Weibull modulus (m) and  Figure 3. Weibull modulus (m) and
characteristic strength (0s) of the two  characteristic strength (gs) of the two
lithium disilicate glass ceramics before  lithium disilicate glass ceramics after
heat treatment. heat treatment.

=5
(2
o,

T 23S 29 IPS e.max CADE €48 & #

E3oH, W& Rosetta SME S7hste < Uit &= A5E
Hlwald dAx2] A= IPS e.max CADZF =7 YElS 2

Me] &A1 ettt (Table 5). ©] & EHE -3 93] Q1A

Table 5. Surface hardness (unit: GPa, n=10) of the two lithium disilicate glass
ceramics before and after heat treatment

Crystalline structure IPS e.max CAD Rosetta SM p-value

Metasilicate 6.79 (0.11) 6.65 (0.08) <0.05

Disilicate 6.55(0.11) 6.86 (0.07) <0.05
p-value <0.05 <0.05

*The numbers in the parentheses were standard deviations.

Table 6. Fracture toughness (unit: MPa - m'?, n=3) of the two lithium disilicate glass
ceramics before and after heat treatment

Crystalline structure IPS e.max CAD Rosetta SM
Metasilicate 0.31 (0.01) 0.23 (0.03)
Disilicate 1.65 (0.61) 1.46 (0.31)

*The numbers in the parentheses were standard deviations.
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Figure 4= AA W& FAF AA @24 A2 IPS e.m
Fe 718 & vedgAolE 2ol 8 BEs Boln, 2%
o] A7]& 0.5 ymP =t} (Figure 4a). AHZlo A o] ZH &2 Ak
Joll Al "olx] yrtan 2dH o] sdd EA 2 7= delsld.
Rosetta SM<]
A Aol A FEFS o ol fF2 71He FWo] VFHder Hd

o
©
o
>
ol
W
N
S
ofl
Ru)
lo
v
ox,
o
°
o
X
(o]
+
2

Figure 4. Field-emission scanning microscopy (FE-SEM) micrographs ( X 10,000).
Both ceramics display similar patterns of crystalline structure before and after heat
treatment. (a) Microstructure of IPS e.max CAD in lithium metasilicate crystalline form;
(b) Rosetta SM in lithium metasilicate crystalline form. Lithium metasilicate crystallines
were washed away by acid etching and only glass matrix with indentations of the
crystalline were left. (c) IPS e.max CAD in lithium disilicate crystalline form; (d) Rosetta
SM in lithium disilicate crystalline form. Rosetta showed more compact and fine
crystalline structure.
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(Figure 4b). €A £, 2§ toldgAlE 2F 9 vA 2= ¢ A
oty ALHeow ey gl JdHE Wisln 2 371% IPS e.max
CAD & 2.0-3.0 gm (Figure 4c), Rosetta SM2 1.0-2.0 ym= <7}t
At (Figure 4d). oo}, €x12] A Axld= v = 2baje] 3ol A e
7140l AAA U7t AR ET F& BES BT oA 924 34
A= 2§ HEeErd YA E 2 o], Exe
Lo g F teoldgAClE AH o] HEHo = gAY (Figure 5).

L

BHoR % AF BT dAe)

rN

i (a) g 7 (b)
o[ 5 [RT— o L
g E 0w
e =4
£ § o |
g g
z < & o}
i g
E = 4wl
S 000 o0
MM WWM
1'!) IIS ZIE) 2'5 ]II] 3‘5 ';U 4‘5 5'(1 5‘5 6}? ﬁ‘i 7’0 7'5 80 10 ij 20 25 30 35 40 45 50 55 60 65 70 75 =
Diffraction (201 ) Diffraction (20 /degree)
3000 3000
©
o (d)
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Figure 5. X-ray diffraction (XRD) patterns. (a) IPS e.max CAD before heat treatment;
(b) Rosetta SM before heat treatment. Both showed high peaks at the locations denot-
ing standard pure lithium metasilicate (JCPDS 72-1140, LS). After heat treatment, the
high peak positions in the XRD diagrams of the IPS e.max CAD (c) and Rosetta SM
(d) are in agreement with those of standard pure lithium disilicate (JCPDS 40-0376, LS2).
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Table 7. Coefficient of thermal expansion (X 10°/C, n=2) of the two lithium disilicate
glass ceramics

Temp. range IPS e.max CAD Rosetta SM
25-500¢C 10.42 10.66
100-400°C 10.64 10.81
100-500C 10.75 10.98
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-ABSTRACT-

Physical/mechanical properties and
microstructure of dental lithium disilicate

ceramics for chairside CAD/CAM restoration

Suk-Ho Kang, D.D.S., M.S.D.
Program in Conservative Dentistry, Department of Dental Science,
Graduate School, Seoul National University
(Directed by Professor Ho-Hyun Son, D.D.S., M.S.D., Ph.D.)

1. Objectives

There has been growing interest in one-visit restoration using
CAD/CAM. The aim of this study was to compare physical/mechanical
properties of two commercially available lithium disilicate ceramics

for CAD/CAM and to observe their microstructure.

2. Materials and Methods

Before and after heat treatment, elastic modulus (n=5), biaxial
flexural strength (n=30), surface hardness (n=10), fracture tough-

ness (n=3), and coefficient of thermal expansion (n=2) of IPS e.max

_26_



CAD (Ivoclar Vivadent) and Rosetta SM (Hass) were tested
and compared. The crystalline structures were observed using field-
emission scanning microscopy (FE-SEM) and x-ray diffraction (XRD)
analysis. The mean values of the biaxial flexural strength and
surface hardness were analyzed by the two-way Analysis of
variance (ANOVA). Student's t-test was used to analyze main effect
of biaxial flexural strength, and Tukey's honestly significant
difference (Tukey HSD) test for post-hoc analysis of surface hardness.
The mean values of the coefficient of thermal expansion and fracture
toughness were analyzed by Wilcoxon signed rank test (for
effect of heat treatment) and Mann-Whitney U test (for effect of
materials). The mean values of fracture toughness were analyzed

by Mann-Whitney U test («a=0.05).

3. Results

IPS e.max CAD showed significantly higher elastic modulus than
Rosetta SM. There were no significant differences in biaxial
flexural strength between IPS e.max CAD and Rosetta SM
either before or after heat treatment, but both ceramics showed sig-
nificantly increased biaxial flexural strength after heat treatment.
Surface hardness of IPS e.max CAD significantly decreased
after heat treatment, but for Rosetta SM, it increased significantly.
Comparing two ceramics, IPS e.max CAD showed higher surface

hardness before heat treatment while Rosetta SM showed higher

2% A &

e =

_2’7_

S1TA



values after heat treatment. Both ceramics showed greatly
increased fracture toughness after heat treatment. The FE-
SEM images presented similar patterns of crystalline structure in
the two ceramics but Rosetta SM had smaller crystallines after
heat treatment. In the XRD analysis, they also had similar
patterns, presenting high peak positions corresponding to the stan-
dard lithium metasilicate and lithium disilicate at each stage of

heat treatment.

Keywords . lithium disilicate ceramics, CAD/CAM restoration,
crystalline structure, biaxial flexural strength,

surface hardness
Student Number : 2005-30731

e -3



D

E
LICH.

L

=

S

ive

5
MEXE HAIGHA OF

O N

2|

=

M

creat
commons

— o
[—

t

[¢]

LICt:

b

=4

)

O M

C
MNZERLEAlL A

CS1 &2 =24 S Tatof

0 K
R0 = o L
3 = )
- 0l 4|p 5 S5
w 02 53 @ <D i )
3 HO 44 SEL W 3
<D = 0 = - 3l
&3 1l iofl 00 — ._..A ¥
< o b R o
N ES = m om =
ol T~ = Rl oA or
00 5 2 T o o
> e W R = o
2 R = S 7
W_._ = o s m.\__ 1o @
7 " a o
Rr m__r__ KA oF W = ©
or &r r [0 8 oo w _-H_l_
B0 oo B o E
= = of W=
Ol = e = m_ oF [ G
ol N o) — - il o) n
e % ol 3T M9 s
24 7 1o i DB
S i) Wi L
O <
) ® 0 R 2O
S RO RT 512 Ul o F
— NS KM= D =__._ e
m K . A ol
) al i K= 8 3
o W= o = = 0l
JJ W 2o
1 80 gr e S
o= =
[ ) [ )

lection

Co



http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/

lklc/lrE Bl FleRFlh & RES lbw< WVI/AVD

oL
T4

o—-—
A

Zl|n 4z §

RN )

CAD/CAM GEo] A&5+=
2§ tholAlAlo| E Algte] g
=2 /71 A8 EAY A F+=

Physical/mechanical properties and
microstructure of dental lithium disilicate
ceramics for chairside CAD/CAM restoration

20141 2¢¥

Agdst oee
CELE R E

F A4 =



CAD/CAM 5ol AL5&
2] 5 tlolAlg Alo| E Altul 9
=2/71 A1 543 vAlF=

Physical/mechanical properties and
microstructure of dental lithium disilicate
ceramics for chairside CAD/CAM restoration

201441 2¥



CAD/CAM 5ol A&5 <
2 thol A Ao E Alate g
/71 A1A B4z u Atz

201349 10Y

AEtieta st

x| o] gta} x| 3K =8 A3
Z 4 =
A5 A ojstuba} =R AET

2013 12¢

9 o A (o)

F A% (o)

?] A (1)

2] A (91)

2] A <°U




R EE

=

~——

=

]
=

2l F tho| A Alo| E AlgkH] 9
2| /71 Al

CAD/CAM
=

=y

Tor

ol

ofy

o
=

#48d + = CAD/CAM

"y

d CAD/CAME gEdeldelAclE At =2]/71A

iJN

2

C.

BK
e

L

stof wlweta, 249l VA

S

5

=
=

2)E

(n

P
T

5), °l
& A

A

&

[e=]
=

3),

IPS e.max CAD (Ivoclar Vivadent)®t Rosetta SM (Hass)9] 2+

3 &4 Al (n

A4 (n

TH

~

iz

G

3
oF
ol
T
iz

N

ﬁo



Student's t-test& AF&-3tlom, A AE+ AFF 245 9@ Tukey
HDSE AH&stith. & Al 93] Ao Haak BXd= 448
W 2}o] H2498 Q)& Wilcoxon signed rank testE AF&-3 o™, A &9
2 zpo] 5 EA317] 98] Mann-Whitney U testE A3tk w3 <1
Aol gk BAS 98]l Mann-Whitney U test® AF&3HA T (=0.05).

P
oo
)
(i
oX,
)
N
rir
ne
o
2
b o
(- Hj
—r
&,
[@D]
®
8
oY)
b
Q
>
)
)
=
%
@
S
05}
=

Al ZEJ e, W2 Rosetta SM< S71stith. + AR E ¥ ast
H dA-g Aoll= IPS e.max CADZF =A YEwa, €4

Rosetta SMe| #/ YEtETh o] & EWQE 73 33 A4 Fad@#S F
AE 25 dA e 7HeE & 4 3l%len, IPS e.max CAD
oln|E Z7l= olHsith. AA

zﬂ
A AR AT i 8 BA An T AEY 249 BR
o

4
e
_>|i
olN

U=

U @™ = AR o A7]1= A48 $ol Rosetta SMo] oz
ZUg ZFoldnt. olHd AT} 7|Rso dATIES IR AA
CAD/CAM= A& gl & toldg Aol E St Algy] 552 A

%90l ©F ol delAoE Aeu, CAD/CAM +%, 44 7%,
olF =X MR, ZW A=

sk ¥ 2005-30731



i
H

iy ofy
TR
%,

i
k]
i
e

Abstract

(& 23)

oX,
)
-
AN
o2

o
b
A\
o

AN
ox

AN

%

FA A Aol B

Table 1. Materials used and group categorization
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Table 2. Crystallization parameters for post-milling heat treatment

Table 3. Elastic modulus (unit: GPa, n=5) of the two lithium dis-

ilicate glass ceramics before and after heat treatment



Table 4. Biaxial flexural strength (unit: MPa, n=30) of the two
lithium disilicate glass ceramics before and after heat treatment

Table 5. Surface hardness (unit: GPa, n=10) of the two lithium
disilicate glass ceramics before and after heat treatment

Table 6. Fracture toughness (unit: MPa-m"? n=3) of the two
lithium disilicate glass ceramics before and after heat
treatment

Table 7. Coefficient of thermal expansion (X10°/C, n=2) of the

two lithium disilicate glass ceramics

(2" 52

Figure 1. Fixture with a piston-on-three-ball set up according to
I[SO 6872

Figure 2. Weibull modulus (m) and characteristic strength (gs) of
the two lithium disilicate glass ceramics before heat treatment

Figure 3. Weibull modulus (m) and characteristic strength () of
the two lithium disilicate glass ceramics after heat treatment

Figure 4. Field-emission scanning microscopy (FE-SEM) micrographs
(x10,000)

Figure 5. X-ray diffraction (XRD) patterns
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Group At BE $l3f IPS e.max CAD®} Rosetta SM z}7z+ 87H2] &
HS 9 34 Arlr] (HRG-150, AM Technology, Asan, Korea)Z
Abgste] g o R Vg &, I dAntr] (C40, Sungkwang Machinery,
Siheung, Korea)& AF&3te] 2174 12.0 mme] 953 o2 7133t}
Group C¢ DE {3 =thE £ 8/l A& 983 oz 7Hgets, 243
A A9 5 (0.2-0.4%)= EZ3st7] 98l 274 12.1 mm=E A =3}
At o] EES thololBE Fo & A23 #320 MESH tholoj2 =
242 drtsted g3 FHZ HEAT. Group A9 B= 1.20 mm,
Group C¢ D+ 1.21 mm FAZ A& ste] g4l (SPL-15,

Okamoto Corp., Yokohama, Japan)2= 6 um, 3 gm, 1 pm YAA7]

Table 1. Materials used and group categorization

Group Product name Lot No. State
A IPS e.max CAD LT A1/C14 R24003 Partially crystallized
B Rosetta SM C14/LT Al BF03EF1410  Partially crystallized
C IPS e.max CAD LT A1/C14 R24003 Fully crystallized
D Rosetta SM C14/LT A1l BFO3EF1410  Fully crystallized




o] tholol=t &gl FoA HF Antetdtt. Group Co D& ZH X~
HYy 2 (RPF 12, Hass Corp., Gangneung, Korea)Z AM-&3f A ZA}<]
HAud= dA 2 stAt (Table 2).

A AT 535 @A IPS e.max CADS}F Rosetta SM 22t & A
o] 282 dAgsta golot2 e F& ]85t 8x5x5 mme| As1
A G AR F O AS At 2 F 2o~ HY 24 5T/min
o2 600C7HA 7FE sl 2083 FX & AW (annealing) 3t th.

Table 2. Crystallization parameters for post-milling heat treatment

Entry  Entry  Heating Final  Holding Lower Start ~ Release
time temp. rate temp. time table  vacuum vacuum
6min 400C 30C/min 845TC 10 min 700C 550¢C 845C

285} B AS 37
IPS e.max CAD®} Rosetta SM Z}7} 5719 £ & 98 a2 34
s ALgste] A A, Fo 84 AleE S8y 2

7] (AccuPyc 1330, Micromeritics, Norcross, U.S.A)ZE BEE&

N

AN

=33 & 253 pulser receiver (UT 340, UTEX Scientific

.

Instruments Inc., Ontario, Canada)& AF&3t] ZS37F AlH
oot Fuet I S5 474 SH6H. T P Y £=
Aol Bx, Fold HE T3 22 A st &4 AlFE 35
AT

mlo

-



Poisson's Ratio (¥) = {1 - 2(V2/ Vu)?} / {2 - 2(V:/ VL))
Young's Modulus (E) = {Vi2e(1 + »)(1 -2v)} / (1 -v)
o] 7] of| A

Vi= % &
Ve = 33 &
p="5%

2. 01F% =5 AE 54

ISO 6872914 73 & o= = Al JAst], Figure 13 22
A5 WHE9] piston-on-three-ball B|2EE A3t tl~3
o AlAE AE 10 mme] ¥ 9o 120% HAo=Z v xd A e 34
T (F74 3.5 mm) ¥l Eel¥3 T5 AE7] (universal testing
machine, Instron 4202, Canton, MA, USA)E At&3t] 2174 1.2 mm
o Az R 52 7iste Al & i stFE Tk ol
H2EY £2 1.0 mm/minel™, ¥ 2=3 t23 Al Ale]ol& 50 pm

o Eeldgd BEL Fol 30| w2 ANAEE St

Figure 1. Fixture with a piston-on-three-ball set up according to ISO 6872.
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oF EF Are v 2L Yo I
o =-0.2387P (X-Y) /Db’
X =1+ v)In (r/r2)* + {(1 -v) / 2} (r2/13)°
Y =(1+v) {1l +1In (r/r)? + (1 -v) (r/rs)?
o] 7] o A]

Q

DAY A= (MPa)

b @ AlAe F7 (mm)

P g% g% (N)

v 1 FolsH] (3 RE2E A%lE 0.253 AHY)

ri - AA L] 94 E (mm)

= FrAFSHAl Y Al 1070 &
o HHS & N A FEFste] 2 SpdAvY 53] A wlola=
=7] (HM-124, Akashi, Mitutoyo Corp., Kanagawa, Japan)Z A}

g3tel WA~ g SPRAT”
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Japan)E Al&3led A4S B89, 40 Kv, 60 mA<2] Cu Ka x-ray
£ ol &3te] 10°- 80° 9 3|H 7o 2 5°/min ¢ 27 S22 BT
A 8- e 24 I~ 31" FF99 (JCPDS) Mls 3=z

sttt (JCPDS 72-1140, 40-0376) .7

7. 49 AT A

[SO 68729 7#HHE wep o], nxx AF AlF 4 4H
(Dilatometer, DIL 402C, Netzsch, Selb, Germany)S Al-&3lo] &7
nu 25 AHE F7] Sl 25Tl 600C7HA 5C/minZ 71E &
FHd 2 < g ¥, IPS e.max CAD®} Rosetta SM 2H7} 270 A <] 713
9 AAS FF AAYG 2 oz LAl 600CTHA] S AA

sto] 25-500T, 100-400T, 100-500C FtellA e I3 Al4+E T3t

olF =2 Fx=o xW x| gk A flal old T4 B4& A
gotdnt. o] F o=
testE Algston, W AEe AFE B4 E 98] Tukey s Honestly
Significant Difference (Tukey s HSD)E AF&3tth. &4 A<}
I 149 gk EAMole dAgo] WE Aol EAM2 flal Wilcoxon
signed rank test & A&t o™, A B WE zo]E FAs7] H 8l
Mann-Whitney U test® AH&StA T &7 42 SPSS 20.0 (SPSS

c., Chicago, IL, USA)E ©] &3] {9 % «=0.052 Al @53t

=4 Aee FEHRE B4357] 98 Student's t-
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Aol A, T MaAE T AR BF FAHOR o8 FFEOR 2
= AwEs) F7bstdnh dAe A gHelN 4@ 23 4Eol so|d

Rosetta SM°| B =4 YE%T (Figures 2 and 3).

Table 3. Elastic modulus (unit: GPa, n=5) of the two lithium disilicate glass ceramics
before and after heat treatment

Crystalline structure IPS e.max CAD Rosetta SM p-value

Metasilicate 91.32 (0.62) 88.14 (1.25) <0.05

Disilicate 103.52 (0.85) 99.68 (0.61) <0.05
p-value <0.05 <0.05

*The numbers in the parentheses were standard deviations.

Table 4. Biaxial flexural strength (unit: MPa, n=30) of the two lithium disilicate glass
ceramics before and after heat treatment

Crystalline structure IPS e.max CAD Rosetta SM p-value

Metasilicate 238.60 (45.19) 215.98 (46.16) >0.05

Disilicate 421.20 (103.53) 443.49 (64.90) >0.05
p-value <0.05 <0.05

*The numbers in the parentheses were standard deviations.
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T T T T T T T T T T
2 & [Partially crystallized state E Crystallized at 845'C for 10min. |

® emaxCAD /.' ® emax CAD g
1E @ RosettaSM /.l F a 2F @ RosetaSM P
() ]
4 } f
= m:
G,

801

Inln[L/(1-P)]
T
-
24
z
&
...-
.h%
”
|
a3
s
z
Inin[1/(1-P)]
=
a g
‘.:
[ ] ‘ §
-:m.
p

. 464 MPa
° 2F ol
// LI )
3 » [ ] 7
e
“4E o u 4F -
1 n 1 " 1 n 1 1 1 1 1 1 1 L 1 1
4.6 48 50 52 54 56 58 60 56 58 60 62 64 66 68
Inc (MPa) Ino (MPs)

Figure 2. Weibull modulus (m) and  Figure 3. Weibull modulus (m) and
characteristic strength (0s) of the two  characteristic strength (gs) of the two
lithium disilicate glass ceramics before  lithium disilicate glass ceramics after
heat treatment. heat treatment.

=5
(2
o,

T 23S 29 IPS e.max CADE €48 & #

E3oH, W& Rosetta SME S7hste < Uit &= A5E
Hlwald dAx2] A= IPS e.max CADZF =7 YElS 2

Me] &A1 ettt (Table 5). ©] & EHE -3 93] Q1A

Table 5. Surface hardness (unit: GPa, n=10) of the two lithium disilicate glass
ceramics before and after heat treatment

Crystalline structure IPS e.max CAD Rosetta SM p-value

Metasilicate 6.79 (0.11) 6.65 (0.08) <0.05

Disilicate 6.55(0.11) 6.86 (0.07) <0.05
p-value <0.05 <0.05

*The numbers in the parentheses were standard deviations.

Table 6. Fracture toughness (unit: MPa - m'?, n=3) of the two lithium disilicate glass
ceramics before and after heat treatment

Crystalline structure IPS e.max CAD Rosetta SM
Metasilicate 0.31 (0.01) 0.23 (0.03)
Disilicate 1.65 (0.61) 1.46 (0.31)

*The numbers in the parentheses were standard deviations.
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Figure 4= AA W& FAF AA @24 A2 IPS e.m
Fe 718 & vedgAolE 2ol 8 BEs Boln, 2%
o] A7]& 0.5 ymP =t} (Figure 4a). AHZlo A o] ZH &2 Ak
Joll Al "olx] yrtan 2dH o] sdd EA 2 7= delsld.
Rosetta SM<]
A Aol A FEFS o ol fF2 71He FWo] VFHder Hd

o
©
o
>
ol
W
N
S
ofl
Ru)
lo
v
ox,
o
°
o
X
(o]
+
2

Figure 4. Field-emission scanning microscopy (FE-SEM) micrographs ( X 10,000).
Both ceramics display similar patterns of crystalline structure before and after heat
treatment. (a) Microstructure of IPS e.max CAD in lithium metasilicate crystalline form;
(b) Rosetta SM in lithium metasilicate crystalline form. Lithium metasilicate crystallines
were washed away by acid etching and only glass matrix with indentations of the
crystalline were left. (c) IPS e.max CAD in lithium disilicate crystalline form; (d) Rosetta
SM in lithium disilicate crystalline form. Rosetta showed more compact and fine
crystalline structure.
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(Figure 4b). €A £, 2§ toldgAlE 2F 9 vA 2= ¢ A
oty ALHeow ey gl JdHE Wisln 2 371% IPS e.max
CAD & 2.0-3.0 gm (Figure 4c), Rosetta SM2 1.0-2.0 ym= <7}t
At (Figure 4d). oo}, €x12] A Axld= v = 2baje] 3ol A e
7140l AAA U7t AR ET F& BES BT oA 924 34
A= 2§ HEeErd YA E 2 o], Exe
Lo g F teoldgAClE AH o] HEHo = gAY (Figure 5).

L

BHoR % AF BT dAe)

rN

i (a) g 7 (b)
o[ 5 [RT— o L
g E 0w
e =4
£ § o |
g g
z < & o}
i g
E = 4wl
S 000 o0
MM WWM
1'!) IIS ZIE) 2'5 ]II] 3‘5 ';U 4‘5 5'(1 5‘5 6}? ﬁ‘i 7’0 7'5 80 10 ij 20 25 30 35 40 45 50 55 60 65 70 75 =
Diffraction (201 ) Diffraction (20 /degree)
3000 3000
©
o (d)
asm | * 4 Lithium disillicate (Li,Si,0,) ‘ 2500 |- | # Lithiumdisilicate(Li,Si,0)
g g ¢
S 000 * E 2000 -
£ 3 .
i 1500 |- £ 1500
E 3
i £
1000 |- 1000 |
g H .
WM "I ‘
W b Lm,l bl
, e JMLMNMW OM WMM
0 15 20 25 30 35 40 45 S0 55 60 6 0 75 8 10 15 20 25 30 35 40 45 S0 S5 60 65 T 5 80
Diffraction (20 /degree) Diffraction (20 /degree)

Figure 5. X-ray diffraction (XRD) patterns. (a) IPS e.max CAD before heat treatment;
(b) Rosetta SM before heat treatment. Both showed high peaks at the locations denot-
ing standard pure lithium metasilicate (JCPDS 72-1140, LS). After heat treatment, the
high peak positions in the XRD diagrams of the IPS e.max CAD (c) and Rosetta SM
(d) are in agreement with those of standard pure lithium disilicate (JCPDS 40-0376, LS2).
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Table 78 433 A+ A4S Yz dEd, 2% &5 3
e} IPS e.max CADZF 0.17-0.24 (x10%/C) A% & 3S BT},

Table 7. Coefficient of thermal expansion (X 10°/C, n=2) of the two lithium disilicate
glass ceramics

Temp. range IPS e.max CAD Rosetta SM
25-500¢C 10.42 10.66
100-400°C 10.64 10.81
100-500C 10.75 10.98

o vle) AU e o2k BF g,
Fsg, gel49l 71, Ant g &

7 =
&8t Mz} Thestar, stk
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Al gl EA15E CAD/CAME 2§ tholdeAclE 82 2§ wE
Aol E 233 2lF teldeAelE 2% IS el FEA O
A% stE gefolth. o] ZEjolA = CAM ol AL&5 = Hel wfRr} &
o] 7kgo] &oldta 7tEF FHE=o] chipping v A& g ”
¢ T Ast AP S AXNE 2347 360 MPaz

SOl Ao ole S3A R AMEEE A =A (¢F 100 MPa),

7kl
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SA 2w 23 S el wet #A7F gEA UdEe e
g, et o] 25 AeE AMgSte] 54 £dES A9 EW Albakry
5(2003) IPS Empress 29| ©|& &3 Z=7} 407+45 MPagta 3
3,7 Jin 5(2004)< IPS Empress 29 ©o|&% =3 2427} 362.9+0.9
MPagtx 3 th." Buso 5(2011)2 IPS e.max CAD®] o|% 23 =
7} 416.1£50.1 MPa 2ta Jlom * ojyl A Ar= of o FARE =
HAt. 180 68729011 = o1& Alete o] Hol= 100 MPa °]/d9] =
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oA IPS e.max CADS EHZAEE B Guess 5(2011)& 5.8 GPa
olg} F i, Albakry 5(2003)2 5.3 GPa°lg 3tit}.* Rosetta SM
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F AFE BT Fate] v wEdct. IPS e.max CADS €9 % ATE =
3 L F7rd wal 10.42-10.75 (x10° KNS YEH AL, Rosetta SM

< 10.66-10.98% SA =AU, oA 7]ES A7 23 (IPS Empress
2 1 10.6+0.25, IPS e.max CAD : 10.2-10.5)%"9} A =X o]H
Ak zote] A F9 E A A (11.4x10° KH &= zpol7p 24 &
ATh.

ol A3 Ayox dAHe] F 2% Z7]= Rosetta SMo] IPS e.max
CADEY #3 =™ g Aoz Uegted, 22 AlFoldt st e M x2u
EFHE et A4 A7|7F v2n, 249 A7+ base glass com-
position, nucleating agents, heat-treatment <2 ¥Wgol iz &
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ER
ol AFolM F 7HA ElF teldYAClE St Aty 2o &
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b Al gew W e dA g £ AJH oA Rosetta SMeo] 231, %
¥ A2 IPS e.max CAD7F A usket. =3 23] F7Y dd=
AR oY 1 A7 = €48 T Rosetta SMe] =+ ¢ 21
Foldth. E9A A4 A9 Rosetta SMeo| <zt 2A Ugtoy F
Az BF AA xopeh & ztol7F »A| @dknt. o] gk Aol 7] x5}

Q7lEL RN CAD/CAME A48 25 doldelslole 2
s A £ERS ALY ) AR Aue] 2L 5D 5 9L ol 7]
ek

90 - | ".'.l'j



A

. Anusavice KJ. Phillips Science of dental materials. 11th ed.
Saunders: 2003. p 6565-719.

. Powers JM, Sakaguchi RL. Craigs Restorative Dental
Materials. 13th ed. St Louis: Mosby Elsevier: 2012. p 254.
. Aboushelib MN, Jager Nd, Kleverlaan CJ, Feilzer AJ.
Microtensile bond strength of different components of core
veneered all-ceramic restorations. Dent Mater 2005:21:984-

991.

. Oh SH. Recent characteristics of dental esthetic restorative

ceramics. J Korean Dent Assoc 2013:51:6-11.

. Culp L, McLaren EA. Lithium Disilicate: The Restorative
Material of Multiple Options. Compend Contin Educ Dent 2010:
31:716-725.

. Zanotto ED. A bright future for glass-ceramics. Am Ceram Soc
Bull 2010:89:19-27.

. Chu SJ. Current Clinical Strategies with Lithium-Disilicate
Restorations. Compend Contin Educ Dent 2012:;33:64,66-
67.

. Holand W, Schweiger M, Frank M, Rheinberger V. A comparison
of the microstructure and properties of the IPS Empress 2 and
the TIPS Empress glass ceramics. J Biomed Mater Res 2000:53:
297-303.

. Stookey SD. Catalyzed Crystallization of Glass in Theory and

-21- 'r:"i'%]__ﬁ

8



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Practice. Ind Eng Chem 1959:51:805-808.

Davidowitz G, Kotick PG. The Use of CAD/CAM in Dentistry.
Dent Clin North Am 2011:55:559-570.

Guess PC, Schulthesis S, Bonfante EA, Coelho PG, Ferencz
JL, Silva NRFA. All-Ceramic Systems: Laboratory and
Clinical Performance. Dent Clin North Am 2011:55:333-352.
Trost L, Stines S, Burt L. Making informed decisions about
incorporating a CAD/CAM system into dental practice. J
Am Dent Assoc 2006:137:33S-368S.

Fasbinder DJ. Materials for Chairside CAD/CAM Restorations.
Compend Contin Educ Dent 2010:31:702-709.

Ban S, Anusavice KJ. Influence of test method on failure stress
of brittle dental materials. J Dent Res 1990:69:1791-1799.
Charlton DG, Roberts HW, Tiba A. Measurement of select
physical and mechanical properties of 3 machinable ceramic
materials. Quintessence Int 2008:;39:573-579.

Jin J, Takahashi H, Iwasaki N. Effect of Test Method on Flexural
Strength of Recent Dental Ceramics. Dent Mater J 2004:23:490-
496.

Bona AD, Anusavice KJ, DeHoff PH. Weibull analysis and
flexural strength of hot-pressed core and veneered ceramic
structures. Dent Mater 2003:19:662-669.

A, ol FE, wiEAg. Al 2@ A g = e gl
%7k, kx| 2 HAE 882 1996:34:309-319.

Powers JM, Sakaguchi RL. Craig's Restorative Dental

2% A &

e =

_22_

S1TA



20.

21.

22.

23.

24.

25.

26.

27.

28.

Materials. 12th ed. St Louis: Mosby Elsevier: 2006. p 79.
Yamaguchi R, Powers JM, Dennison JB. Thermal expansion
of visible-light—-cured composite resins. Oper Dent 1989:14:64-
67.
Fischer J, Stawarczyk B, Hammerle CHF. Flexural strength
of veneering ceramics for zirconia. J Dent 2008:36:316-321.
Krautkramer J. and H., Ultrasonic Testing of Materials.
4th ed. Berlin: Heidelberg: New York: Springer-Verlag:
1990. p 13-14, 533-534.
Sharma V, Nemat-Nasser S, Vecchio K. Effect of Grain-
Boundary Phase on Dynamic Compression Fatigue in Hot-Pressed
Silicon Nitride. J Am Ceram Soc 1998:81:129-139.
[SO-Standards ISO 6872 Dentistry-Ceramic materials. 3rd ed.
Geneva: International Organization for Standardization:
2008. p 11-12.
PP ET KSL 1603, Q1 Aleh - A Alepe) o] 427
Al A F 71359 2008, p 2-8.
AT 29 ATl ) G AW,

K
AXNBAT 7l=x2Fd: 2010, p 8-10.

2
-
—
[©))
@)
()

<

Rukmani SJ, Brow RK, Reis ST, Apel E, Rheinberger, Holand
W. Effects of V and Mn Colorants on the Crystallization
Behavior and Optical Properties of Ce-Doped Li-Disilicate Glass—
Ceramics. J Am Ceram Soc 2007:90:706-711.

McLaren EA, Whiteman YY. Ceramics: Rationale for Material
Selection. Compend Contin Educ Dent 2010:31:666-679.

-23 - L=



29.

30.

31.

32.

33.

34.

35.

36.

Schultheis S, Strub JR, Gerds TA, Guess PC. Monolithic and
bi-layer CAD/CAM lithium-disilicate versus metal-ceramic fixed
dental prostheses: Comparison of fracture loads and failure modes
after fatigue. Clin Oral Invest 2013:17:1407-1413.
Giordano R, McLaren EA. Ceramics Overview: Classification
by Microstructure and Processing Methods. Compend Contin
Educ Dent 2010:31:682-697.

Vivadent I. IPS e.max Lithium Disilicate: The Future of
All-Ceramic Dentistry. Material Science, Practical Applications,
Keys to Success. Liechtenstein: Ivoclar Vivadent: 2009. p 1-
15.

Denry I, Holloway JA. Ceramics for Dental Applications: A
Review. Materials 2010:3:351-368.

Tysowsky GW. The science behind lithium disilicate: todays
surprisingly versatile, esthetic and durable metal-free
alternative. Dent Today 2009:28:112-113.

Albakry M, Guazzato M, Swain MV. Biaxial flexural strength,
elastic moduli, and x-ray diffraction characterization of three
pressable all-ceramic material. J Prosthet Dent 2003:89:374-
380.

Harrer W, Danzer R, Morrell R. Influence of surface defects
on the biaxial strength of a silicon nitride ceramic-Increase of
strength by crack healing. J European Ceram Soc 2012:32:27-
35.

Buso L, Oliveira OB, Hiroshi FF, Leao LGH, Ramalho SH,

-24 - L=



37.

38.

39.

40.

Campos F, Assuncao SRO. Biaxial flexural strength of CAD/
CAM ceramics. Minerva Stomatol 2011:60:311-319.
Fischer H., Marx R. Fracture toughness of dental ceramics:
comparison of bending and indentation method. Dent Mater
2002:18:12-19.

Albakry M, Guazzato M, Swain MV. Fracture toughness and
hardness evaluation of three pressable all-ceramic dental
materials. J Dent 2003:31:181-188.

Powers JM, Sakaguchi RL. Craig's Restorative Dental
Materials. 13th ed. St Louis: Mosby Elsevier: 2012. p 65.
Kuzielova E, Palou M, Kozankova J. Crystallization Mechanism
and Bioactivity of Lithium Disilicate Glasses in Relation to CaO,

P:0s5, CaF: Addition. Ceram-Silikaty 2007:51:136-141.

9K - G| '.’.'.l"j



-ABSTRACT-

Physical/mechanical properties and
microstructure of dental lithium disilicate

ceramics for chairside CAD/CAM restoration

Suk-Ho Kang, D.D.S., M.S.D.
Program in Conservative Dentistry, Department of Dental Science,
Graduate School, Seoul National University
(Directed by Professor Ho-Hyun Son, D.D.S., M.S.D., Ph.D.)

1. Objectives

There has been growing interest in one-visit restoration using
CAD/CAM. The aim of this study was to compare physical/mechanical
properties of two commercially available lithium disilicate ceramics

for CAD/CAM and to observe their microstructure.

2. Materials and Methods

Before and after heat treatment, elastic modulus (n=5), biaxial
flexural strength (n=30), surface hardness (n=10), fracture tough-

ness (n=3), and coefficient of thermal expansion (n=2) of IPS e.max
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CAD (Ivoclar Vivadent) and Rosetta SM (Hass) were tested
and compared. The crystalline structures were observed using field-
emission scanning microscopy (FE-SEM) and x-ray diffraction (XRD)
analysis. The mean values of the biaxial flexural strength and
surface hardness were analyzed by the two-way Analysis of
variance (ANOVA). Student's t-test was used to analyze main effect
of biaxial flexural strength, and Tukey's honestly significant
difference (Tukey HSD) test for post-hoc analysis of surface hardness.
The mean values of the coefficient of thermal expansion and fracture
toughness were analyzed by Wilcoxon signed rank test (for
effect of heat treatment) and Mann-Whitney U test (for effect of
materials). The mean values of fracture toughness were analyzed

by Mann-Whitney U test («a=0.05).

3. Results

IPS e.max CAD showed significantly higher elastic modulus than
Rosetta SM. There were no significant differences in biaxial
flexural strength between IPS e.max CAD and Rosetta SM
either before or after heat treatment, but both ceramics showed sig-
nificantly increased biaxial flexural strength after heat treatment.
Surface hardness of IPS e.max CAD significantly decreased
after heat treatment, but for Rosetta SM, it increased significantly.
Comparing two ceramics, IPS e.max CAD showed higher surface

hardness before heat treatment while Rosetta SM showed higher
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values after heat treatment. Both ceramics showed greatly
increased fracture toughness after heat treatment. The FE-
SEM images presented similar patterns of crystalline structure in
the two ceramics but Rosetta SM had smaller crystallines after
heat treatment. In the XRD analysis, they also had similar
patterns, presenting high peak positions corresponding to the stan-
dard lithium metasilicate and lithium disilicate at each stage of

heat treatment.

Keywords . lithium disilicate ceramics, CAD/CAM restoration,
crystalline structure, biaxial flexural strength,

surface hardness
Student Number : 2005-30731
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