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Zirconia-based ceramics are the latest introduction
of exceptionally high-strength materials to den-

tistry. The strength and toughness of zirconia-based ce-
ramic can be accounted for by its toughening mecha-

nisms, such as crack deflection, zone shielding, contact
shielding, and crack bridging.1,2 The most important
among the toughening mechanisms appears to be
contact shielding mediated by the tetragonal to mon-
oclinic phase transformation. Under applied stress, the
tetragonal phase undergoes phase transformation into
the monoclinic phase, which is 4% larger in volume. This
volume increase induces compressive stress in the
vicinity of the crack tip, thereby constraining growth. It
is also possible for phase transformation to occur when
the ceramic is ground or polished.3–6

In addition to mechanical properties, the chemical
solubility of a dental ceramic is an important criterion
for material selection. Exposure to the various acidity
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of foodstuffs may cause dissolution of a ceramic ma-
terial, which in turn may cause a loss of surface luster,
an increase in plaque retention, or weakening of the
material.6,7

One example of zirconia-based ceramic is In-Ceram
Zirconia (IZ) (Vita Zahnfabrik). Based on the concept
of In-Ceram Alumina (IA), IZ was developed with the
addition of 33% 12 mol% ceramic oxide (CeO2) partially
stabilized zirconia to IA.3 The two varieties of IZ, slip or
dry-pressed millable materials, require glass infiltration
to develop full strength. The flexural strengths of slip
and dry-pressed IZ were found to be 630 and 476
MPa, respectively.3 The superiority in strength of IZ over
IA was reported in 3 studies,4,8,9 but was not affirmed
in 1 study.10

In-Ceram 2000 YZ CUBES (YZ Zirconia) (Vita
Zahnfabrik) is a newly developed yttria-stabilized zir-
conia ceramic containing approximately 95% zirco-
nium oxide (ZrO2) and 5% yttrium oxide (Y2O3). The
material is marketed as presintered zirconia blanks
used together with a computer-aided design/com-
puter-assisted manufacture (CAD/CAM) system (Cerec
3/InLab, Sirona Dental Systems). The milled presintered
ceramic blank is then fired in a high-temperature fur-
nace to complete sintering.

Cercon (Dentsply) is a 3 mol% yttria-stabilized zir-
conia ceramic that employs its own CAM system in
milling a presintered zirconia blank according to the
scanned wax pattern of the ceramic core. Similar to YZ
Zirconia, the milled ceramic blank is further sintered to
complete fabrication.11

Although the strength of yttria-stabilized zirconia
ceramics is well documented,3,12–15 data on the prop-
erties of zirconia-based dental ceramics are not read-
ily available. Thus, the purpose of the study was to in-
vestigate the chemical solubility and uniaxial flexural
strength (UFS) and biaxial flexural strength (BFS) of 3
zirconia-based dental ceramics.16 A pressable lithium
disilicate–reinforced glass ceramic was used as the
control. 

Materials and Methods

Three zirconia-based dental ceramic materials were
studied together with 1 lithium disilicate ceramic (IPS
Empress 2, Ivoclar Vivadent), which acted as the con-

trol (Table 1). An international standard for the testing
of dental ceramic, International Organization for
Standardization (ISO) 6872:1995(E), was adopted for
the experiment.16

In the present study, IZ specimens (bars and disks)
were prepared using the molds of dimensions speci-
fied by ISO 6872:1995(E). The IZ slip in a special plas-
ter cast was trimmed to the desired dimensions using
sharp scalpels before sintering and glass infiltration.
After removal of excess glass by sandblasting, finish-
ing was performed using 600-grit silicon carbide paper. 

For the Cercon specimens, the bars and disks were
fabricated by scanning the wax patterns, milling the en-
larged blanks according to the amount of linear shrink-
age, and sintering the milled specimens. The specimens
were finished in the same manner as the IZ specimens.
The YZ Zirconia specimens were also fabricated using
the computer-assisted scanning, milling, and sintering
procedures. Before final polishing using the 600-grit sil-
icon carbide paper, the sintered YZ Zirconia specimens
were examined under �20 magnification to ensure that
there were no scratches. Cutting or grinding of the sin-
tered specimens was demanding because of their ex-
treme hardness. Therefore, every effort was made to ap-
proximate the final dimensions of the specimens during
preparation to ensure minimal surface finishing, using
the 600-grit silicon carbide paper for all specimens.

Chemical Solubility

Ten specimens of each ceramic material were pre-
pared according to the manufacturers’ instructions
into ceramic bars with dimensions of length (l) 12 ± 0.1
mm, width (w) 6 ± 0.1 mm, and thickness (t) 4 ± 0.1
mm. The surfaces of each specimen were polished
with 600-grit silicon carbide abrasive paper. The di-
mensions of each specimen were measured to the
nearest 0.05 mm with an electronic digital micrometer.
A reflux-condenser-type 3-piece extraction apparatus
(Pyrex, Corning Scientific Products) was used. The
specimens were washed with ISO 3696 grade 3 water
and dried before extraction.17 Each specimen was
placed separately in a glass-bottomed thimble. Each
specimen in its thimble was conditioned to constant
weight by storing it at 150 ± 5°C for 4 hours in a fur-
nace (Precision Scientific). The samples were weighed
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Table 1 Ceramic Materials Used in the Study

Material Manufacturer Major component

In-Ceram Zirconia Vita Zahnfabrik Zirconia-reinforced, glass-infiltrated alumina ceramic
In-Ceram 2000 YZ CUBES Vita Zahnfabrik Yttria-stabilized zirconia ceramic
Cercon Dentsply Yttria-stabilized zirconia ceramic
IPS Empress 2 Ivoclar Vivadent Lithium disilicate–reinforced glass ceramic
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with an electronic balance (Mettler Instrument). After
further conditioning in a furnace at 150 ± 5°C, the
samples were repeatedly weighed every hour within a
24-hour period until 3 readings obtained were within
0.1 mg. This value was recorded as W1. 

The thimble and specimen were then placed in the
extraction apparatus, and the specimen was extracted
using 4% acetic acid solution (Panreac Quimica SA,
99.7% Riqueza minima) by refluxing for 16 hours with
an 18-minute cycle reflux rate. Each specimen was
washed in the thimble with ISO 3696 grade 3 water.17

The thimble and specimen were conditioned again to
constant weight to the nearest 0.1 mg at 150 ± 5°C
within a 24-hour weighing cycle. Weighing was re-
peated and the value was noted as W2.

The percentage loss of mass for each specimen was
calculated using the formula:

(W1 – W2 ) / W1 � 100%

The loss of mass for each specimen based on sur-
face area was calculated using the formula: 

(W1 – W2 ) / 2 (l � w + l � t + w � t)

One-way analysis of variance (ANOVA) and
Neuman-Keuls post hoc tests were applied to deter-
mine any significant differences between the speci-
mens (P = .05)

Uniaxial Flexural Strength (3-Point Bend Test)

An international standard for the testing of dental ce-
ramic, ISO 6872:1995(E), was adopted for the experi-
ment.16 Ten bar-shaped specimens of each ceramic
material (21 � 5 � 2 mm) were prepared. IZ, Cercon,
and IPS Empress 2 specimens were prepared in ac-
cordance with the manufacturers’ instructions. YZ
Zirconia specimens were provided by the manufac-
turer. The rectangular specimens were ground to main-
tain parallel surfaces to a width, thickness, and length
of 4.0 ± 0.25 mm, 1.2 ± 0.2 mm, and 21 ± 0.2 mm, re-
spectively. All specimens were finished with 600-grit sil-
icon carbide abrasive paper, which is equivalent to a
particle size of 15 µm. The dimensions were confirmed
by measurement with an electronic digital micrometer.
Each specimen was then cleaned thoroughly in running
tap water to remove all traces of debris.

A universal testing machine (Model 1185, Instron)
with a 3-point bend test jig was used to determine the
UFS. Two hardened steel knife edges with a radius of
0.8 ± 0.01 mm formed the supports for the specimen.
The span between the supports was 13.5 ± 0.01 mm.
The midpoint of each specimen was located and then
placed centrally between the supports. The load at a

crosshead speed of 1.0 mm/min was applied to the
midpoint between the supports by means of a third
steel knife edge with a radius of 0.8 ± 0.01 mm across
the 4-mm-wide face along a line perpendicular to the
long axis of the bar. The load required to fracture the
test piece was measured to the nearest 0.1 N. The
cross-sectional dimensions (width and thickness) of
each specimen were measured to the nearest 0.01 mm
at the point where the fracture occurred.

The UFS (M) of each specimen was calculated using
the formula:

M = 3WI / 2bd2 

where W = the breaking load (N); I = the test span
(center-to-center between supports) (mm); b = the
width of the specimen (mm), ie, the dimension of the
side at right angles to the direction of the applied load;
and d = the thickness of the specimen, ie, the dimen-
sion of the side parallel to the direction of the applied
load.

The data were subjected to 1-way ANOVA and
Neuman-Keuls post hoc tests to determine any signif-
icant differences among the groups at P = .05.

Biaxial Flexural Strength Test 
(Piston-on-3-Ball Test)

Ten disk-shaped specimens of each material were fab-
ricated with dimensions of 16 ± 0.1 mm in diameter and
1.2 mm in thickness (with the exception of YZ Zirconia,
which was 12 ± 0.1 mm in diameter). IZ, Cercon, and
IPS Empress 2 specimens were prepared in accor-
dance with the manufacturers’ instructions. YZ Zirconia
specimens were provided by the manufacturer. The
surfaces of the specimens were finished with 600-grit
silicon carbide abrasive paper, which is equivalent to
a particle size of 15 µm, until the opposing facets of the
test pieces were all flat and parallel within ± 0.05 mm.
The dimensions were confirmed by measurement with
an electronic digital micrometer. 

A piston-on-3-ball test was set up for the experiment
(Fig 1). Three hardened steel balls with a diameter of
3.2 ± 0.01 mm were positioned 120 degrees apart on
a support circle with a diameter of 10 mm. Each spec-
imen was placed concentrically on the supporting balls
of the testing machine so as to ensure that the load was
applied at the center of the test piece. The load was ap-
plied with a universal testing machine (Model 1185,
Instron) through a flat punch with diameter of 1.4 ± 0.01
mm at the center of the specimen at a crosshead speed
of 1.0 mm/min. The load required to fracture each
specimen was recorded to the nearest 0.1 N. The spec-
imen thickness at fracture origin was measured to the
nearest 0.01 mm.

Chai et al

Volume 20, Number 6, 2007 589

Chai.qxd  10/29/07  1:00 PM  Page 589



The BFS (S) for each specimen was calculated using
the formula16:

S = –0.2387 P (X – Y) / d2

where X = (1 + �)ln(r2 / r3)
2 + [(1 – �) / 2](r2 / r3)

2; Y =
(1 + �)[1 + ln(r1 / r3)

2] + (1 – �)(r1 / r3)
2; P = load at fail-

ure (N); d = specimen thickness at fracture origin
(mm); r1 = radius of supporting circle (mm); r2 = ra-
dius of loaded area (mm); r3 = radius of specimen
(mm); and � (Poisson ratio) = 0.25. 

The strength results obtained were tested using 1-
way ANOVA and Newman-Keuls multiple comparison
test to determine any significant differences among the
groups at P = .05.

X-ray Diffraction 

X-ray diffraction analyses (Philips PW1830 Powder X-
ray Diffraction System) were conducted to determine
the relative amount of the monoclinic phase of the as-
sintered and fractured surfaces of the zirconia ceram-
ics (IZ, YZ Zirconia, and Cercon). The intact and frac-
tured surfaces of one randomly chosen bar (UFS test)
and disk (BFS test) specimen were scanned with cop-
per K� x-rays from 20 to 60 2� degrees with a step size
of 0.05 degrees and 2-second step interval. 

The relative amount (XM) of the monoclinic phase
was calculated based on the method of Garvie and
Nicholson18 as:

Xm = (Im1 + Im2) / (Im1 + Im2 + It)

where I = the intensity detected by the detector at an-
gular position 2� degrees from the diffraction; t = the

tetragonal peak (2� at 30.167 degrees); m1 (ı-, ı, ı) 2�
at 28.174 degrees) and m2 (ı-, ı, ı) (2� at 31.467 degrees)
= the 2 major monoclinic peaks with reference to stan-
dard patterns archived in the PCPDFWIN software
database of the International Centre for Diffraction
Data (ICDD): 37-1484 for monoclinic zirconium oxide
and 17-0923 for tetragonal zirconium oxide.

Microscopy

Two representative specimens of each ceramic mate-
rial were randomly selected for viewing (1 unetched
and 1 etched) under scanning electron microscopy
(SEM) (XL30CP, Philips Electron Optics; Leica-
Cambridge S440 Scanning Electron Microscope using
backscatter function) to study their fracture surfaces.
Unetched specimens were sputtered with gold and
viewed under magnification �4,000 and �7,000, re-
spectively. Zirconia-based specimens were etched by
boiling in 70% sulfuric acid for 5 minutes and then left
covered in a fume cupboard for drying before sput-
tering and viewing under magnification �2,000. An
Empress 2 specimen was etched with 10 vol% hydro-
fluoric acid for 20 minutes, sputtered, and viewed
under magnification �2,085 to study its lithium disili-
cate structure.2

Results

There were no significant differences among the ce-
ramics in chemical solubility by percentage mass or
mass/surface area (Table 2). All ceramics exhibited a
mean chemical solubility by mass below one-hun-
dredth of one percent. 

One-way ANOVA showed that the UFS and BFS of
the ceramics were significantly different from each
other. Newman-Keuls multiple-comparison tests re-
vealed that YZ Zirconia possessed significantly higher
UFS and BFS than the other ceramics (Table 2).
Empress 2 had significantly lower UFS and BFS than
the other ceramics. Cercon and IZ were intermediate
in UFS and BFS; the UFS values of these 2 ceramics
were not significantly different from each other, while
the BFS of Cercon was significantly higher than that of
IZ (Table 2).

The relative amounts of the monoclinic phase pre-
senting on the intact and fractured surfaces of the
disk (BFS test) and bar (UFS test) specimens of the zir-
conia-based ceramics are shown in Table 3. An exam-
ple of the relative intensity of tetragonal and monoclinic
phases of a disk specimen of YZ Zirconia is shown in
Fig 2. The magnitude of change in the relative amount
of monoclinic phase on the intact surface versus that
on the fracture surface is comparable between the
disk and bar specimens of the same ceramics. The frac-
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Hardened steel rod

Specimen

Steel balls on 
support circle

Fig 1 Piston-on-3-ball setup for the biaxial flexural strength
test.
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tured YZ Zirconia surface contained approximately 5
times as much monoclinic phase compared to that of
its intact surface. The fractured IZ and Cercon sur-
faces contained approximately twice as much mono-
clinic phase compared to their intact surfaces (Table 3).  

SEM images of the fractured surface of IZ revealed
platelets of alumina embedded in an amorphous glass
matrix. Irregular-shaped conglomerates of approxi-
mately 1 to 2 µm in size appearing to be monoclinic zir-
conia were also identified (Figs 3 and 4). The etched
IZ specimen (Fig 4) provided additional information

about the distribution of zirconia polycrystals, which
were not conspicuous in the unetched sample (Fig 3).
The crack that transverses the IZ specimen in Fig 4 in-
volved intergranular and transgranular modes of frac-
ture through both alumina and zirconia phases.

For the YZ Zirconia and Cercon specimens, etching
did not produce significant differences, and therefore
only the SEM images of unetched specimens are
shown (Figs 5 and 6). SEM images of the fractured sur-
face of the YZ Zirconia specimen showed a honeycomb
appearance representative of closely compacted

Chai et al

Volume 20, Number 6, 2007 591

Table 2 Chemical Solubility and Flexural Strength of Zirconia-Based Ceramics 
(Means ± SDs)

Chemical Biaxial 
solubility Uniaxial flexural flexural

Material Chemical solubility (%) (µg/cm2) strength (MPa) strength (MPa)

In-Ceram Zirconia 3.7 � 10-3 ± 5.4 � 10-3 320 ± 474 409 ± 60 523 ± 51
In-Ceram 2000 YZ CUBES 6.1 � 10–3 ± 8.3 � 10-3 516 ± 704 899 ± 109 1,107 ± 116
Cercon 4.7 � 10–4 ± 4.3 � 10-4 39 ± 35 458 ± 95 927 ± 146
IPS Empress 2 1.9 � 10–3 ± 2.2 � 10-3 178 ± 203 252 ± 36 359 ± 43

Table 3 Relative Amounts (%) of the Monoclinic Phase on the Intact and Fractured
Surfaces of 1 Randomly Chosen Bar and Disk Specimen for Each Zirconia-Based
Ceramic

In-Ceram Zirconia In-Ceram 2000 YZ CUBES Cercon

Bar Disk Bar Disk Bar Disk

Intact surface (I) 11.0 11.7 3.3 3.6 12.8 2.9
Fractured surface (F) 26.8 20.3 18.1 17.5 25.9 5.6
F to I ratio 2.44 1.73 5.43 4.84 2.02 1.95
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phases on intact (top) and fractured (bottom)
surfaces of a disk specimen of YZ Zirconia (T =
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tetragonal zirconia granules of < 1 µm in size. The
principal mode of failure was intergranular fracture
between the zirconia granules, although transgranu-
lar fracture was also observed (Fig 5). The fracture
surface of Cercon comprised aggregates of tetragonal
zirconia granules of < 1 µm in size, which were tightly
packed. Irregular-shaped conglomerates appearing to
be monoclinic zirconia were abundant on the frac-
tured surface (Fig 6). 

The etched Empress 2 specimen revealed pinnacle-
shaped lithium disilicate crystals a few micrometers in
length distributed throughout the specimen. The glass
matrix was visible where it was not completely etched
(Fig 7). The etched Empress 2 specimen showed the
lithium disilicate crystals and unetched area with the
crystals embedding in the matrix; therefore, the SEM
image of the unetched specimens is not shown.
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Fig 3 SEM image of unetched In-Ceram Zirconia (�4,000)
(solid arrow: zirconia polycrystal; dashed arrows: alumina
platelet).

Fig 4 SEM image of etched In-Ceram Zirconia (backscat-
tered image, �2,000) (black arrows: zirconia polycrystal; ar-
rowheads: alumina plate; white arrows define the pathway of a
crack).

Fig 5 SEM image of unetched YZ Zirconia (�7,000) (black ar-
rows define the pathway of a crack; white arrow: intergranular
fracture; arrowhead: transgranular fracture).

Fig 6 SEM image of unetched Cercon (�7,000) (white arrow:
aggregates of tetragonal zirconia granules; black arrow: con-
glomerates appearing to be monoclinic zirconia).

Fig 7 SEM image of etched Empress 2 specimen (�2,085)
(white arrow: pinnacle-shaped lithium disilicate crystals; black
arrow: lithium disilicate crystals embedded in glass matrix).
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Discussion

Although the ceramic materials tested were core mate-
rials, their chemical solubility can still be of concern be-
cause clinical situations may require the core ceramic
framework to be exposed to the oral environment.7 For
example, in areas where occlusal clearance is limited, oc-
clusal contacts on the ceramic prosthesis may be de-
signed intentionally to be placed on the core ceramic ma-
terial. At prosthesis margins, where pulpal vitality and
tooth structure conservation are of a higher priority than
esthetics, core ceramic material may also be used instead
of the veneer porcelain to terminate the margin. The re-
sults of this study showed that there were no significant
differences in the chemical solubility of the 4 ceramics
tested. The chemical solubilities of the 4 ceramics as ex-
pressed in mass loss per unit of surface area (µg/cm2)
were below the maximum chemical solubility allowance
of 2,000 µg/cm2 required of core ceramic material (type
I, Class 1 or type II, Class 1) according to the ISO
6872:1995(E) specifications for dental ceramics. The pre-
sent ISO 6872:1995(E) protocol used 4% acetic acid as
the chemical agent to evaluate chemical solubility of
the ceramic materials by refluxing the acid for 16 hours.
It has been shown in an earlier study that 2 preparations
of 99% ZrO2 blocks were resistant even to 168 hours of
4% acetic acid reflux without compromising their sub-
sequent flexural strength.15 The effect of 4% acetic acid
used for 1 week at 80°C was likened to immersion in ar-
tificial saliva at 22°C for 22 years.19 Thus, the results of
the present study reaffirm the chemical stability of ce-
ramic materials, including the zirconia-based ceramics.

The UFS and BFS of the ceramics tested well ex-
ceeded the requirement of 100 MPa for type II, Class 1
ceramics according to ISO 6872:1995 for dental ce-
ramics.16 Empress 2 was chosen as the control mater-
ial because of the availability of laboratory studies for
comparison, and the documented clinical studies for
reference. Empress 2 specimens (lithium disilicate ce-
ramics) had flexural strengths in the 200- to 400-MPa
range, which was significantly lower than the zirconia-
based ceramics. This observation is generally in line
with earlier observations.9,20 The strength of the ce-
ramics is attributed to the densely packed microstruc-
ture of lithium disilicate crystals, which was also demon-
strated in this study. The concentration of the crystals
within the ceramics was reported to be as high as
90%.21 The clinical performance of lithium disilicate
ceramics as a core material of fixed partial dentures
(FPD) had been studied. Two of 30 FPDs fractured
within a 2-year observation period, yielding a 93% suc-
cess rate.22 Although the figure was lower than the pub-
lished success rate of metal-ceramic FPDs, the inves-
tigators were still optimistic about the result. However,
the success rates of Empress 2 FPDs were relatively low

in other studies. For instance, a study of 20 anterior and
posterior FPDs reported that 50% had “catastrophic
failure” during the first 2 years of the study period.23

Another 5-year study of 31 Empress 2 FPDs also noted
that the 50-month survival rate was only 70%.24

The test methods for UFS and BFS are variations of
the same theme and produce different results. The
different geometry and loading and supporting de-
signs of the specimens produce different fracture pat-
terns. Such tests do not contradict each other, but
rather reflect the mechanical properties of these ma-
terials under different conditions.  All 3 zirconia-based
ceramics showed significantly higher flexural strength
than the lithium disilicate ceramics. In particular, YZ
Zirconia, an yttria-stabilized zirconia ceramic, showed
the highest UFS (899 MPa) and BFS (1,107 MPa)
among the zirconia-based ceramics. Such strength is
comparable to those developed by experimental yttria-
stabilized zirconia ceramics prepared by dry pressing
and pressureless sintering in air12 and an isostatically
hot-pressed sintered 5% yttria-stabilized zirconia ce-
ramic prepared with a CAD/CAM system.3

Similar to YZ Zirconia, Cercon is an yttria-stabilized
zirconia ceramic and is also fabricated by sintering of
CAM-milled presintered zirconia blanks. However, its
mean flexural strengths (UFS: 458 MPa; BFS: 927 MPa)
were significantly lower than those of YZ Zirconia in the
present study. The UFS (409 MPa) of IZ was compara-
ble to that of Cercon, but its BFS (523 MPa) was sig-
nificantly lower than that of Cercon. Factors that may
have affected the strength of yttria-stabilized zirconia
ceramics include the density of the presintered pressed
powder blocks as it relates to critical flaw size popula-
tion, the sinterability of the pressed powder as it relates
to the initial particle size, the yttria content as it relates
to the amount of tetragonal to monoclinic phase trans-
formation, and mechanically induced flaws and resid-
ual compressive stresses during specimen prepara-
tion.12,25 The extent to which each of these factors
contributed to the differences in strength between YZ
Zirconia and Cercon remains to be studied. However,
it was evident from this study that the tetragonal to
monoclinic phase transformation, which was consid-
ered the major toughening mechanism, occurred at the
fracture interface of all 3 zirconia-based ceramics
(Table 3). It was observed that the relative amount of
monoclinic phase present on the intact surface of
Cercon bar specimens (12.8%) was significantly higher
than that on intact Cercon disk specimens (2.9%). In
contrast, the relative amounts of monoclinic phase
present on the bar and disk specimens of IZ and YZ
Zirconia were similar. Further study is necessary to
understand why intact Cercon bar specimens had such
a high relative amount of monoclinic phase. Studying
the ratio of the relative amount of monoclinic phase
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present at the fractured surface compared to that on
the intact surface (F to I ratio) may help explain the vari-
ation in strength among the 3 zirconia-based ceram-
ics. The F to I ratio of YZ Zirconia was approximately
5, while that of IZ and Cercon was approximately 2.
Thus, tetragonal to monoclinic phase transformation
happened more readily on the fractured surface of YZ
Zirconia, which may explain its superior strength.

The availability of tetragonal phase in the zirconia-
based ceramics, in turn, can also be affected by how
the specimens were prepared. Air abrading the surface
of stabilized zirconia ceramics with 110-µm alumina
particles was found to increase the relative content of
monoclinic phase in comparison with surface treatment
by dry or wet grinding with 50- and 150-µm diamond
burs.12 Excessive heat produced during machining may
cause local temperature to exceed 700°C when the re-
verse monoclinic to tetragonal phase transformation
occurs.26 Low-temperature aqueous aging of yttria-sta-
bilized zirconia ceramic is known to promote tetrago-
nal to monoclinic phase transformation in addition to
causing extensive microcracking.27 The present study
limited surface treatment of the ceramics to finishing
with 600-grit silicon carbide abrasive paper, and hard
machining on the specimens was not necessary. All
specimens were prepared and tested in a dry condition.
Thus, the influence that such factors had on the result
of the present study is negligible.

Although the present study showed that such zirconia-
based materials are promising, it is unknown how the ad-
dition of veneer porcelain can change their physical prop-
erties.28 Further studies on these zirconia-based materials
laminated with veneer porcelain could be carried out.

Summary

The chemical solubility, UFS, and BFS of 3 zirconia-
based ceramics were tested against a control lithium-
disilicate ceramic. The chemical solubilities of the ce-
ramics tested were not significantly different. They all
satisfied the chemical solubility allowance required of
core ceramic material (type I, Class 1 or type II, Class
1) according to ISO 6872:1995(E) specifications on
dental ceramic. UFS and BFS of the lithium disilicate ce-
ramics were significantly lower than those of the 3 zir-
conia-based ceramics. An yttria-stabilized zirconia ce-
ramic (YZ Zirconia) possessed significantly higher UFS
and BFS than another yttria-stabilized zirconia ceramic
(Cercon) and a zirconia-reinforced, glass-infiltrated
alumina ceramic (IZ). The UFS values of Cercon and IZ
were not significantly different from each other, while
the BFS of Cercon was significantly higher than that of
IZ. Based on the findings of the present study, these
high-strength zirconia-based ceramics could have
promising clinical applications. 
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Literature Abstract

Treatment history of teeth in relation to the longevity of the teeth and their restorations: Outcomes of teeth treated and

maintained for 15 years

This study evaluated a tooth’s treatment history and the longevity of its restoration and compared and contrasted the survival of

teeth with and without restorations, including the survival of teeth with extensive restorations. Data were collected for 3,071 teeth

from 148 fully compliant patients from 1 private practice. Follow-up times ranged from 15 to 23 years (mean: 19.2 years). Patients

had to meet defined criteria to be enrolled in the study. Treatments were categorized as follows: unrestored, surface restoration 

(1, 2, 3, or 4+ ), complete crown, abutment for FPD, abutment for RPD, and root canal treatment. Failure modes were as follows:

restorative failure, extraction, and any failure (restorative failure or extraction). Caries risk assessment was also performed for all 

patients. Multivariate survival analysis was used for data analysis (� = .05). The results showed that unrestored teeth had the best

overall survival when compared with restored teeth. Teeth with 3 to 5 surface restorations were 4 times more likely to fail than unre-

stored teeth. Complete crowns and abutments for FPDs had fewer restorative failures compared to teeth with complex multisurface

restorations. RPD abutments experienced the highest failure rate compared with restored teeth. It was demonstrated that failed

teeth had a greater S mutans level, greater Lactobacillus level, higher dietary frequency per day, and lower salivary buffer capacity.

The results support the need for full-crown coverage to improve the prognosis of teeth restored with multisurface restorations.
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