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ABSTRACT

Lithium disilicate ceramics can be used for one-visit restoration using chairside CAD/CAM. The aim of
this study was to compare physical/mechanical properties of the two lithium disilicate ceramics for
chairside CAD/CAM restoration and to observe their microstructure, Before and after heat treatment,
elastic modulus, biaxial flexural strength, surface hardness, fracture toughness, and coefficient of thermal
expansion of IPS e.max CAD (Ivoclar Vivadent) and Rosetta SM (Hass) were tested. The crystalline
structures were observed using field-emission scanning microscopy and x-ray diffraction analysis. IPS
e.max CAD showed significantly higher elastic modulus than Rosetta SM, There were no significant
differences in biaxial flexural strength between them either before or after heat treatment, but both
ceramics showed significantly 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,
IPS e.max CAD showed higher surface hardness before heat treatment while Rosetta SM showed higher
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 had similar patterns
corresponding to the standard lithium metasilicate and lithium disilicate at each stage,

Keywords: biaxial flexural strength, CAD/CAM restoration, crystalline structure, lithium disilicate ceramics,
surface hardness
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2 plAo Seboim 9 dngol vtk 0
= Adt} (Zanotto, 2010).
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oo el cholellolE 2] oF 70 el vz
23U AS=E, 1959 Corning Glass Works2] S.D.
Stookyell oJ8] A& WA (Stookey, 1959) F4F 717
3RS AR ARgEo] uprh 1998\ gk g
< ARg3hE X178 Mgl o g s (IPS Empress
2, Ivoclar Vivadent), ©|% 2001d 7|A1%, 382 AJ2o]
i Eo] IPS e max Press (Ivoclar Vivadent)gh= AREY
o= gujgo] gkom 20057 E= CEREC AC (blrona,
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< ThololEE FOo & A=Z31 #320 MESH tholol2= &
2 drlste] g2z Fe2 WESQIY Group A9} BE
1.20 mm, Group C& D+ 121 mm FA=ZE Azl
PH Al (SPL-15, Okamoto Corp,, Yokohama, Japan)<.
26 um, 3 pm, 1 am QA TelolEe e
ZoA HE dAnfsldth. Group C9F DE ZHlA Hyx
(RPF 12, Hass Corp,, Gangneung, Korea)E ARE3| A|
ZAte] Az dxg] a4t (Table 2).
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Group Product name
A IPS emax CAD LT A1/C14
B Rosetta SM C14/LT A1
C IPS emax CAD LT A1/C14
D Rosetta SM C14/LT Al

Lot No, State

R24003 Partially crystallized
BFO3EF1410 Partially crystallized

R24003 Fully crystallized
BFO3EF1410 Fully crystallized

Table 2, Crystallization parameters for post-miling heat treatment

Entry time Entry temp,
6 min 400c

Heating rate  Final temp,
30 ¢/min 845¢

Holding time Lower table Start vacuum Release vacuum
10 min 700c 550¢c 845¢c
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Figure 1, Fixture with a piston-on-three-ball set up according
to ISO 6872
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T A disire dxElE FEAE Two-sample
ttestE Alfelor, ¥ Ax Zilol tisid= Tukey's
Honestly Significant DifferenceZ A8ttt €+ Al
o} 37 e Hagk B olE A wE o] &
g 9] Wilcoxon signed rank test® ARE3FOH,
Azl mE 2polE B3] $13] Mann-Whitney U testE
AMgEFITE BA| EAS SPSS 20.0 (SPSS Inc., Chicago,
IL, USA)E ol8ste] fro] 75 a = 0.052 AlJs.
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ZA% &4 Ao W 9 BF HUAE Table 39|
el stk dAEl A3 Fo] HluE Y8 Wilcoxon
singed rank testZ® Al8Y8F A} IPS emax CADS}t
Rosetta SM X7 dAe] & FAHCE fodt £Fo0=
A AFTE S7FESH (p€0.05), Azl wE AbolE
BX3817] 9J8ll Mann-Whitney U testZ Al}a+ A} 93]
2 A, & BT IPS e.max CAD7} Rosetta SMET} E7|
Ao st 7702 E2 FAE YERIT (p(0.05).

olF = A= 4 Ay digt old #AF #AS
Alggk Aol ofabd dAele frolgh JFE wHARE
Agd] W zol= lem, Asst Az 3t ws
282 YUt} (Table 4), AE] & F A5 2F S
Aoz frofet FEoR FF Ayl SFH (Table
5. @A A dHelN S5 2 Ao ¢olE A
%2 HW IPS emax CADZ} tha =74 Uehton o
2] Folli= Rosetta SMo| O =7 YERITH (Figures 2
and 3),

Table 5, 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

Metasilicate 238,60 (4519 21598 (46.16)

Disilicate 42120 (10853) 44349 (64.90)
p-value (¢ 005 (005

T T T T T T T
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ar
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= 0,: 237 MPa !
= ,»
E 2F 4
'y
3E ps n 4
4F L L 7

4.6 48 5.0 52 54 56 58 6.0
Inc (MPa)
Figure 2. Weibull moaulus (m) and characteristic strength
(e F) of the two lithium disilicate glass ceramics before
heat treatment
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Figure 3 Weibull moadulus (m) and characteristic strength
(e 2) of the two lithium disilicate glass ceramics after heat
treatment

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) (005
Disilicate 103,52 (0.85) 99.68 (0.61) ( 005
p-value (005 ( 005
Table 4, Two-way ANOVA results of biaxial flexural strength data
Source Sum of squares df Mean squares F p-value
Heat treatment 12614787 1 12614787 2593 (005
Material 09 1 09 00 > 0.05
Error 691049 17 4864 1

Total 14883929 120
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Table 6, Two-way ANOVA results of surface hardness data

Source Sum of squares
Heat treatment 329
Material 7290
Between 5242 3
Error 21835
Total 18766996

Mean squares F p-value
329 05 (005
7290 120 (005
52423 864 (005
60,7

FH Bx SA g ol Ak 24E AFge 2
A slshe dAzleh A 2E oIT GRS HiEe
, 7 89l ] wE ZFgo] QJSTk (Table 6).
Tukey's Honestly Significant DifferenceE ]88k Al%-
4 23 1S e.max CADE FAE] F frejeb Sols
Qo BHZ Rosetta SMS S7FHe 3 YeERit
(Table 7). + MRS Hlashd dAe] Aol IPS e.max
CADZ} =7 YePtaL, dxe] o= Rosetta SMo| =7
Uebdth ol EdiE g 33 QA Huws HH,
T AR 25 gAg § AA8] SRl (Table 8).

Table 7, 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
Metasilicate 6.79 (0.11)° 6.65 (0,08
Disilicate 655 (0117 6.86 (0.07f

Different letters in superscript indicate statistical significance
(p€0.05)

Table 8, Fracture toughness (unit: MPa - m"? n=3) of the
two lithium disilicate glass ceramics before and after heat
treatment

Crystalline IPS Rosetta

structure e.max CAD SM p-value

Metasiicate 031 (0.01) 0.23 (0.03) (005
Disilicate 165 (0.61) 146 (0.31) y 005
p-value (005 ( 005

Figure 4v= 27| W= FAF A2} Anjd ARRIC R, 1PS
e.max CADE 2] 7]de 2l HEeERAlE 2Ho]
E3Ue Ea Holn, A A7 0.5 mmAgEo|nt,
AROA o] AARES A B HojA Wi 2

_]

e}
=1
o] B3JH A f2] 712 Folltl. Rosetta SM

o] A: oo} fAKE 719k FHe] AAS el
u, 2] Aol JEFs O ol frE] 7129 FHol
71880 Bt @A F, glE deldeAlclE 2
Ao mAl F2= O Adelal A& YEy Qe
ge2 W3lsla 1 F7]% IPS e.max CAD £ 2.0-3.0
um, Rosetta SME 1.0-2.0 umz Z7Fsk4dch. oluf, g4
2] A AR wilE A B4 fe 71Ee] A
A Wil 2R P EE5S Hdh oA I
A3 2HeR T AE BT dAe dele gE v
ERgAlo|E AA o], dAe] Foll= 2lE tholdeiAlol
E ZAAo] HEHo= Il (Figure 5).

Figure 4, Field-emission scanning microscopy micrographs
(x10,000) Both ceramics display simiar pattemns of crystal-
line structure before and after heat treatment. (a) Micro-
structure of IPS e.max CAD in lithium metasilicate crystalline
form; (b) Rosetta SM in lithium metasilicate crystalline form,
Lithium metasilicate crystalines were washed away by acid
etching and only glass matrix with Indentations of the
crystalline were left (c) IPS emax CAD in lithium disilicate
crystalline form; (d) Rosetta SM in lithium disiicate crystaline
form.  Rosetta showed more compact and fine crystaline
structure.
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Figure 5, X-ray diffraction (XRD) pattemns (@) IPS emax CAD before heat treatment; (b) Rosetta SM
before heat freatment. Both showed high peaks at the locations denoting standard pure lithium
melasilicate (JCPDS 72-1140, LS) After heat tfreatment. the high peak positions in the XRD diagrams
of the IPS emax CAD (c) and Rosetta SM (d) are in agreement with those of standard pure lithium

disilicate (JCPDS 40-0376, LS2)

Table 9= G Age] Fawks el =,
=4 % F7bo) w}l IPS e.max CAD7} Rosetta SMAE

o e ueith

Table 9. Coefficient of thermal expansion (x10-6/c, n=2)
of the two lithium disilicate glass ceramics

Temp, range IPS e max CAD Rosetta SM
25-600c 1042 1066
100-400c 1064 1081
100-500c 10.75 1098
2% o ng
LISl A A Aol B 8 )
Soatn] Anloln $8ES AL golsior @
. 3k MR Asjor & Aoltk. ofeid Aol
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9} 3t7] ¢lAo 2 FAFIME AR EE (Mclaren
¥} Whiteman, 2010), 3-unit 3R] AFZ ARE-o] 7}
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<=0t} (Tysowsky, 2009).
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