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Abstract

Project Code : MRG 5180145
Project Title : Properties and clinical performance of zirconia-based dental ceramics

Investigator : Kallaya Suputtamongkol, Prosthodontics Department, Faculty of Dentistry
Mahidol University
E-mail Address : dtkst@mahidol.ac.th

Project Period : 15 May 2008 — 14 May 2010

Aims: The objective of this study was to characterize the clinical performance of zirconia-based all-
ceramic crowns and the related properties. Methods: Twenty one posterior all-ceramic crowns were
made for twenty subjects, using tetragonal zirconia polycrystals as a core ceramic and conventional
condensation and sintering methods for a veneering ceramic. Subjects are recalled annually and the
quality of crowns and adjacent gingival tissues were examined for acceptability. A shade measurement of
each crown was made to examine the shade differences before and after cementation using a shade
measuring device and the CIE-Lab parameters. The properties tested in this study were the particle size,
translucency, fracture toughness, and flexural strength of zirconia-based materials. Results: At the
baseline examination, the quality of all crowns and the adjacent tissues were acceptable. The contrast
ratio or the opacity of a zirconia material was lower than that of a metal which was completely opaque.
Therefore, slight shade differences before and after cementation were observed for all-ceramic crown
cemented on a metal post and core. The fracture toughness of a glass-infiltrated zirconia-toughened
ceramic (5.4£0.7 MPasm ") was significantly lower than that of a zirconia material (8.6+1.1 MPasm" ).
Conclusions: The quality of crowns and the adjacent gingival tissues were acceptable at baseline.
Shade differences before and after cementation were observed for all-ceramic crowns as a consequence
of the color of the underlying structures. The fracture toughness of a glass-infilirated zirconia-toughened

ceramic was significantly lower than that of a zirconia material.

Keywords : zirconia, clinical, translucency, fracture toughness
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Executive Summary
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Elements wt%
SiO, 52 -62 %
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Na,O 5-7%
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laaf Kic fracture toughness

Y = geometrical factor
(o) = fracture stress
a = critical flaw size
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AN319N 2 ahuﬂszﬂauuazauﬁ'ﬁ%an’mmwLm:qmwgﬁﬁiﬁmwa%ﬁmau

Sintering Coefficient of
Brands Manufacturers Compositions temperature thermal
(°c) expansion
(ppm/K)
Vita VMK 95 VITA Zahnfabrik Feldspar frits, 930-950 13.3-13.7
for metal Bad Sackingen .
ceramic Germany
Vita VM 13 for VITA Zahnfabrik Feldspar frits, melted- 870-890 13.1-13.6
metal ceramic Bad Sackingen . in metal oxides
Germany
Eris for Ivoclar Vivadent AG SiO, > 60 % wt. 765 NA
Empress 2 Liechtenstein Additional
components: K,0,
AlL,O;, Ca0, Na,0,
P,0s,Li,0, MgO, ZnO,
ZrO,, CeO,, F and
pigments
Cercon Ceram S Degudent NA 810-850 9.2
Germany
NobelRondo' NobelBiocare NA 890-980 10
Zirconia Switzerland
VM 7 for VITA Zahnfabrik Glass frits, melted-in 900-950 7.2-76
InCeram Bad Sackingen . metal oxides.
Alumina Germany
VM 9 for VITA Zahnfabrik Feldspar frits, melted- 900-980 8.8-9.2
InCeram Bad Sackingen . in metal oxides
YZcube Germany

319N 3 FNUANIININIWLRENIINRYDINDTTLAWN LT bN 1IN UANTIN

Brands Ts particle size Flexural strength Hardness (Vickers)
(°c) um (d50) (MPa) HV10
Vita VMK 95 656 17.3 85 470
Vita VM 13 635 NA 120 NA
Cercon Ceram S NA NA 80 500-530

VM 7 689 18 106 NA
VM 9 670 18 100 NA
NobelRondo ' Zirconia NA NA 120 NA
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Alumina ZrO-infiltrated Pure ZrO,

Compositions (powder) AlL,O; 100% AlLO; 67% ZrO, + Y,04

+ t-ZrO, 33% > 95%
toughness infiltrated (MPa-m“Z) 3.9 4.4 7
flexural strength (3-point-bending, MPa) 500 600 1100
expansion coefficient (20-500°C, 10_6 K_1) 7.4 7.8 10.5
chemical solubility (Lg/cm?2) 1115 1118 <20
Young’s Modulus (GPa) 280 258 210
Density (g/cm’) 3.84 424 >6
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Material

Composition

Manufacturer

Zirconia-based
ceramic

(ZENO® Zr)

zirconium oxide (ZrO, + HfO,) 94 %

yttrium oxide (Y,05) 5%
aluminium oxide (Al,O3) <1 %
other oxides <1 %

WIELAND Dental und Technik
GmbH & Co. KG.Schwenninger
Strasse 13 75179 Pforzheim,

Germany

Veneering for
Zr-based (IPS

e. max Ceram)

> 60% SiO,, Ca0, Al,0,, CeO,, Na,0, K,0, B,Os,

ZnO, F, Li,0,
ZrO,, SrO, TiO, and pigments

Ivoclar Vivadent AG,
Bendererstrasse 2, FL - 9494
Schaan

Furstentum Liechtenstein

InCeram

Zirconia

Powder: Al,O5 67%, ZrO, 33%

Glass: Al,0,14-18%, SiO,14-18%, B,0,11-15%,
Ti0,2-7% La,0, 25-30%, Ce0, 6-10% CaO 4-8%,

Zr0, 1-4%, Y,05 2-6%

Vita-Zahnfabrik, Bad Sackingen,

Germany

a37199 6 aNTAT M NLazITINave ANt M lulasinIiae (TeyaNNUIENHHEN)

Properties Fracture Flexural CTE Elastic Vickers Firing
(t:/luF?ah.r:ss/% strength (1 O-G/K) modulus hardness | temperature
(MPa) (GPa) (MPa) [°C]

Zirconia-based 7 1100 10.5 210 12,749 1450
ceramic (ZENO®
Zr)
Veneering for Zr N/A 69 - 86* 9.5 N/A 5,400 750
based (IPS e. max
Ceram)
InCeram Zirconia 4.4 600 7.8 258 - 1120

* from Fisher J, Stawarczyk B, and Hammerle CHF. Flexural strength of veneering ceramic for zirconia. J
Dent 2008:36;316-21.
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Color of zirconia-based posterior crowns
Kallaya Suputtamongkol, DDS, PhD*, Chantana Tulapornchai, DDS,MSc , Jatupol Mamanee,DDS,
Nopparat Tongpun, BS.

Prosthodontics Department, Faculty of Dentistry, Mahidol University, Thailand

Objective: The objective of this study was to determine the effect of a color of an underlying structure on
the overall color of zirconia-based all-ceramic posterior crowns.

Materials and Methods: Twenty-one posterior crowns were made for twenty subjects, using the CAD-
CAM technique for a zirconia core ceramic and conventional condensation and sintering methods for a
veneering ceramic. (ZENO®, WIELAND Dental and Technik GmbH & Co, Germany, and IPS e. max
Ceram, Ivoclar Vivadent AG, Liechtenstein) Twenty-one posterior crowns were divided into three groups.
Seven premolar crowns and six molar crowns were cemented onto abutments with a metal post and core
in the first and second group. In the third group, eight molar crowns were cemented onto abutments with
a prefabricated post and a composite core built-up. The thicknesses of each core and core plus
veneering were measured three times at buccal and occlusal surfaces. The color measurements of all
crowns were made using a shade measurement device before try-in, before and after cementation using
the CIE-Lab parameters. A repeated measure ANOVA was used for statistical analysis at Ol = 0.05.
Results: The means thickness of the core ceramics were 0.6- 0.7 mm at the buccal surface for premolar
and molar crowns. L*, a*, and b* values did not show a significant change when compared the values
obtained before try-in, before and after cementation for all ceramic crowns. (p>0.05) However, L* values
of ceramic crowns with metal cast post and core appeared to be decreased and a* was increased when
comparing between before try-in and before cementation. No notable change of the L* values in the third
group was observed, but a*and b* were increased when comparing between before try-in and before
cementation.

Conclusions: Slight shade differences were observed for all-ceramic crowns before try-in, before and
after cementation. These results indicated that color of an underlying structure had a minor effect on the

overall color of zirconia-based posterior crown.

Keywords: color, dental ceramics, crown, zirconia
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Contrast ratio of zirconia-based dental ceramic
Chantana Tulapornchai, DDS, MSc , Kallaya Suputtamongkol, DDS, PhD, Wannaporn Kamchatphai ,
DDS, Nopparat Tongpun, BS.

Prosthodontics Department, Faculty of Dentistry, Mahidol University, Thailand

Objective: The objective of this study was to determine the effect of thickness on the opacity of zirconia-
based dental ceramic.

Materials and Methods: 24 rectangular zirconia specimens (ZENO®, WIELAND Dental and Technik
GmbH & Co, Germany), with a dimension of 15x15 mm and four different thicknesses, i.e., 0.4, 0.6, 0.8,
and 1.0 mm, were prepared in a laboratory. These core specimens were cut from a zirconia block and
fired according to the manufacturer's recommendations. ZirLiner and dentin porcelain (IPS e. max
Ceram, Ivoclar Vivadent AG, Liechtenstein, shade A3 Vita Lumin Vacuum) were applied and sintered on
each core specimen. All specimens were finished to a final thickness of 1.5 + 0.1 mm and glazed.
Contrast ratios of each specimen (core, and coretveneer) were measured three times using a
spectrocolorimeter. The means contrast ratio before and after veneering of each group were calculated
and statistical analyses of the data was performed using two-way ANOVA. (OL = 0.05)

Results: Contrast ratios or core opacity of zirconia specimens were significantly increased from 70.5 to
85.5% as their thicknesses were increased from 0.4 to 1 mm. (p<0.05) No significant difference was
found between the contrast ratios of zirconia core specimens with thicknesses between 0.6 to 1.0 mm.
After veneering to a final thickness of 1.5 mm, their contrast ratios were increased to 92 — 95 %.
Specimens with a core thickness of 0.4 mm had the lowest contrast ratio either before or after veneering
compared with other groups. (p<0.05)

Conclusions: The opacity of zirconia core ceramic was affected by its thickness modification. An
increase in opacity was observed when the thickness of zirconia core ceramic was increased. A

significant increase in opacity was also observed after layering the zirconia core with veneering ceramic.

Keywords: color, dental ceramics, crown, zirconia, contrast ratio, opacity
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