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ABSTRACT

Aim: the purpose of the present study was to investigate the effect of thermal cycling and
mechanical loading on the flexural strength of: Zeno Star (T) a translucent monolithic Yttria
stabilized zirconia (Y-TZP).

Materials and Methods: a total number of 40 fully sintered bar — shaped specimens (18mm
x 4mm x 1.2mm) were fabricated. The specimens were divided into 4 groups (n=10) according
to the aging time: Group I: is the control group with no aging procedures and was tested after 24
hours. Group II: was subjected to thermal cycling (600 cycles) and load cycling 120.000 cycles
equivalent to 6 months of clinical service. Group III: subjected to thermal cycling (1200 cycles) and
load cycling 240.000 cycles equivalent to 1 year of clinical service. Group IV: subjected to thermal
cycling 6000 thermal cycles and load cycles (1.200.000 cycles) equivalent to 5 years of clinical
service. For thermal cycling, all specimens were transferred in hot and cold water baths between
5 and 55°C in one minute cycle for each bath with dwell time of 30 seconds. The flexural strength
was determined by three points bending test in a universal testing machine at a cross head speed of
Imm/min. Tertragonal to monoclinic transformations due to thermal cycling and mechanical loading
(LTD) was identified with X-ray diffraction (XRD).

Results: Comparing the flexural strength of the tested specimens, the mean flexural strength of
zirconia in group II (representing six months of clinical service) was significantly higher (1563.7+103.8
MPa) than that of the control (group I) (1009.7+107.2 MPa) Thermal cycling and mechanical loading
equivalent to one year of clinical service (group III) led to significant decrease in the flexural strength
(1381+295 MPa) The lowest flexural strength was determined in group IV (833.7+15.2 MPa) where
zirconia was subjected to thermal cycling and mechanical loading equivalent to 5 years of clinical
service. The relative XRD peak intensity showed that there were some monoclinic transformations at

the end of the aging period which is equivalent to 5 years of clinical service.

Conclusions: Thermal cycling and mechanical loading caused a reduction in the mean flexural
strength at the period equivalent to one year of clinical service. Further decrease of the flexural
strength occurred following aging at the period simulating 5 years of clinical service with some
phase transformation from tetragonal to monoclinic.

*  Assistant Professor of Dental Biomaterials, Faculty of Dentistry, Alexandria University.
** Lecturer of Fixed Prosthodontics, Faculty of Dentistry, Delta University for Science and Technology.
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INTRODUCTION

All ceramic restorations are attractive in dentistry
duetotheiresthetics and bio-compatibility. Interestin
using high strength yttria-stabilized polycrystalline
tetragonal zirconia (Y-TZP) ceramics for dental
restorations has grown in recent years due to its
high mechanical properties and manufacturing
convenience using CAD/CAM procedures.”

Due to its relative opacity and high strength
zirconia is used as a core material on which
veneering porcelain is applied to enhance esthetics
quality. In clinical service, the most frequent failure
is the chipping of the veneer, while the high strength
zirconia substructure is mostly not affected.” New
technologies allow for the creation of anatomically
designed  monolithic  restorations.  Optical
appearance of opaque zirconia might be improved
by modification in the fabrication and sintering
process which were shown to increase translucency.
® Yttria (3%) is added to stabilize the crystal
structure transformation during firing at an elevated
temperature and to improve the physical properties
of zirconia. The characteristic phase transformation
from the tetragonal to monoclinic is known to be
of the martensitic type. It is characterized by a
transformation without mass transfer in a certain
range of temperatures and changes in the shape of
nucleus. Phase transformations are reversible and
involve expansion of the core volume by 3 to 4%.®
This positive change in volume can cause closure
of surface microcracks restricting them to propagate
into the bulk of the material. However, severe
transformation to monoclinic phase could generate
stresses that cause surface uplifts and fragmentation
of the material.®® The main problem associated
with Y-TZP zirconia ceramics is their sensitivity to

low temperature degradation (LTD).

Low temperature degradation 1is defined
as hydrothermally induced spontaneous t-m
transformation occurring over time at low

temperatures, when t-m transformation is not
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triggered by the local stress produced at the tip of
an advancing crack. With LTD, water constituents
are incorporated into zirconia lattice leading to
reduction in energy barrier for t-m transformation.
™ Flexural strength is an important mechanical
property to predict the performance of a material.
It is the first parameter to be assessed to understand
the clinical potential and limitations of a dental
ceramic and is strongly affected by the defects and
flaws present in the material. The forces applied on
materials in the oral cavity develop cyclic loads that
can be simulated by mechanical cycling which tends
to be close to the physiological conditions generated
by the chewing cycle.®

Recent studies demonstrated a reduced flexural
strength of Y-TZP zirconia dependent on the extent and
the depth propagation of the t-m phase transformation.
@19 When Zirconia core is veneered with dental
porcelain (i.e. zirocnia- based restorations), zirconia
is not directly exposed to the oral environment or to
saliva, thus, the influence of LTD could be limited.
However, monolithic zirconia crowns will be directly
exposed to saliva. Therefore, it is reasonable to assume
that LTD may occur’’ In addition, mechanical
loading and LTD together may reduce the mechanical
properties of monolithic zirconia. Therefore the aim
of this study was to investigate the effect of thermal
cycling and mechanical loading on the flexural
strength of a Yttria stabilized (Y- TZP) zirconia. The
hypothesis was that aging does not affect the flexural

strength of the translucent mono lithic zirconia.

MATERIALS AND METHODS

The material used in this study was Zeno Star
(T) translucent partially sintered Yttria stabilized
monolithic zirconia. It is in the form of milling discs
for use in the CAD-CAM technique for fabrication
of single tooth and multi unit restorations. The
composition of the material is presented in table I.
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TABLE (I) Material used and its composition

. Commercial .
Material Composition | Manufacture
name
Translucent Zirconia oxide .
Lo Wiel and
monolithic | Zeno star T (Zr O + Hfo +
. . dental
zirconia Y,0,299%

. . A company

Yttrium oxide
of Ivoclar

(Y,0,)>45-= .
Vivadent
6%)
group
Hafnium oxide
(Hfo,) < 5%
Aluminum oxide
+ other oxide <
1.0%

A total number of 40 fully sintered bar shaped
specimens (18 mm x 4 mm x 1.2 mm) were
fabricated and sintered at 1450°C using the ZenoTec
system according to the manufacturer instructions.
The specimens were divided into four groups (n=10)
according to the aging time:

Group I: is the control group with no aging
procedures and was tested after 24 hrs.

Group II: subjected to thermal cycling (600
cycles) and load cycling 120,000 cycles equivalent
to six months of clinical service.

Group III: subjected to thermocycling (1200
cycles) and load cycling 240,000 cycles, equivalent
to one year of clinical service.

Group IV: subjected to thermal cycling 6000
thermal cycles and load cycles of 1,200,000 cycles
equivalent to 5 years of clinical service.'® For
thermal cycling, all specimens were transferred in
hot and cold water baths between 5 and 55°C in one
minute cycle for each bath with a dwell time of 30
seconds.

Mechanical loading was performed in a custom
made cyclic loading machine. Bar specimens were
fixed into copper rings filled with rubber base
which were attached to the lower member of the
cyclic machine. Human premolars were adjusted as

(1541)

antagonist and fixed to the upper arm of the machine.
The functional buccal cusp tip was directed towards
the center of the bar. When the motar drive ran, the
premolars moved up and down with a uniaxial load
of 49 Newtons and a frequency of 2 Hz. Rubber
dam sheet was applied between the specimens
and the premolars to distribute the force.!® The
flexural strength was determined by three points
bending test in a universal testing machine (AGS
- X 100 Shimadzu, Japan). The load was applied to
the central part of the specimen with a knife edge
indenter with a roller span of 16 mm between the
supports at a cross head speed of Imm/min till
fracture."” The maximum fracture load in Newtons
was recorded and the flexural strength (Fs) in MPa
was calculated as follows:

3LD
FS=
2wh?
Where L= maximum load in Newtons

D
W= Specimen width (2 mm)

roller span (16 mm)

H = Specimen height (2 mm)

Before each measurement, specimen dimensions
were measured with a digital caliper with an
accuracy of 0.001 mm.

Crystalline phase on the surface of representative
specimens was analyzed with x-ray diffraction
(XRD).XRDis a versatile, non destructive technique
that reveals information about the crystallographic
structure of natural and manufactured materials.
Specimens were examined before aging and at the
end of the aging period which is equivalent to 5
years of clinical service. The crystalline phases were
calculated from the reflection of tetragonal zirconia
phase at (101 peak) and monoclinic phase at (111
and -111 peak). The relative amount of monoclinic
phase was calculated by the method of Gravie and
Nicholson"™ which is most commonly applied to
determine phase composition of zirconia powders
and compacts.
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Statistical analysis

The data was collected and entered into the
personal computer. Statistical analysis was done
using statistical package for social sciences (SPSS/
version 21) software. Analysis of variance ANOVA-
test was used for parametric data followed by post
hoc test to determine the significance between each
two groups. The level of significance was set at
0.05% level. The mean flexural strength values and
standard deviations of the four tested groups are
presented in table II and in figure I.

The mean flexural strength of zirconia in group
IT (representing six months of clinical service)
higher (1563.7+103.8 MPa)
than that of group I with no aging procedures
(1009.7£107.2MPa) cycling
mechanical loading equivalent to one year of clinical

was significantly

Thermal and
service (group III) led to a significant decrease in
the flexural strength (1381+295 MPa) compared to
group II. The lowest flexural strength was found
in group IV (833.7+15.2 MPa) where zirconia was
subjected to thermal cycling and mechanical loading
equivalent to 5 years of clinical service.

TABLE (1) Comparison of flexural strength of the
four studied groups in MPa.

Group I Group Group
Group IV
(Control II (6 I (12
(5 years)
group) months) months)
Range 938.3- 1465 .0- 1090.0- 820.0-
1133.0 1672.0 1680.0 850.0
Mean 1009.7 1563.7 1381.0 833.7
S.D. 107.2 103.8 295.1 152
F 16.52
P 0.001*
P1 0.001" 0.0162" 0.001"
P2 0.0213" 0.001"
P3 0.001"

P1 comparison between control and other groups.

P2 comparison between 6 months and both 12 months and
5 years.

P3 comparison between 12 months and 5 years.
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Fig. (1): Showing the flexural strength of Y-TZP at the different
aging periods.

The XRD pattern of zirconia specimens are shown
in figures (2 and 3). The XRD peak intensity before
aging showed a typical tetragonal phase with no
monoclinic phase detection. After aging the relative
XRD peak intensity revealed that there were some

monoclinic transformations.
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Fig. (2): Showing XRD patterns of Y-TZP before aging with a
typical tetragonal phase.
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Fig. (3): Showing XRD patterns of Y-TZP at the end of the
aging period. The minor peaks labeling monoclinic
7ZrO2 at2 ©.

DISCUSSION

To overcome the problems caused by chipping
of the veneering ceramics, monolithic zirconia
has recently been introduced. Translucent Y-TZP
ceramics are obtained by decreasing the grain size
or by adding doping agents that segregate at the
grain boundaries.!%!?

Some translucency was also obtained by
decreasing the alumina content which might
compromise the ceramic resistance to hydrothermal
degradation."® Low temperature degradation of
zirconia is a negative phenomenon related to the
transformation ability of the tetragonal phase.
Studies of the aging of zirconia is therefore an
important method to assess the changes that occur to
the properties of zirconia and thus expecting its life
span. It is known that the durability of all ceramic
restorations is influenced by repeated exposures to
cycles of stress during normal mastication.!” Thus,
thermal cycling in combination to mechanical
loading, the (TCML) method is used in this study
as it is often performed to predict the durability
of ceramic restorations.?” Furthermore, in case of
monolithic zirconia LTD may affect the durability.
Mechanical properties such as flexural strength are
the first parameters to be assessed to understand
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the clinical potential and limitations of a dental
ceramic. So, the purpose of the present study was to
assess the effect of thermal cycling and mechanical
loading on the flexural strength of translucent
monolithic Y-TZP zirconia after 120.000, 240.000
and 1.200.000 mechanical loading for simulating
6 months, one year and 5 years of clinical service
respectively.

The results of this study showed that there was
a significant increase in the flexural strength of
zirconia subjected to thermal cycling and mechanical
loading (equivalent to 6 months of clinical service)
compared to the control group which was not
subjected to aging. This might be contributed to the
increased percent of the monoclinic phase which
leads to volume expansion, thus decreasing residual
stresses and inhibiting crack growth thus increasing
the flexural strength.®?" This finding was in agreement
with previous studies of Deville et al®® Chevalier et
al®3 and Kim et al® who reported that the initial
t-m transformation is confined superficially and is
associated with a net 3-4% volume expansion due to
the larger volume occupied by the monoclinic phase
compared to the tetragonal, which causes closure
of any surface microcracks restricting them to
propagate into the bulk of the material. This unique
transformation toughening may explain the initial
increased flexural strength which occurred in the
current study. In the current research a significant
decrease in the flexural strength was reported
following 6000 thermal cycling and 1.200.000
mechanical loading which is equivalent to 5 years of
clinical service. This finding was in consistence with
Siarampi et al®®, Cotes et al®” and with previous
studies of Swab®® and Cattani-Lorente.”® They all
reported that when saturation occurs at the surface
of zirconia in the monoclinic phase, transformation
occurs in the bulk under the influence of occlusal
loads in the oral environment. Monoclinic phase
transformation flaws act as stress concentration
sites for microcracks initiation and propagation
inside the bulk of ceramics, thus enhancing the
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LTD process facilitating water penetration. In this
situation internal cracks occur in the critical zone
and cause reduction in the flexural strength.

Chevalier et al® also explained that large
shear strain and displacements accompanying the
transformations can also create cracks along the
grain boundaries that in turn allow moisture to
penetrate further into the material and the process is
repeated as moisture ingress continues.

Three different rationales have been suggested in
the literature leading to LTD. The first hypothesis is
that water interacts with yttrium generating yttrium
hydroxide which affects the stabilizer causing
yttrium deficiency and transformation of tetragonal to
monoclinic phase. Another mechanism suggested that
water breaks the bond between Zr and O,, resulting
in localized stress growth due to -OH movement
inside the crystal structure. This motion causes lattice
fault that acts as nucleating agent for crystalline
changes. The last theory is that O, from water
break down fills oxygen vacancies.®” However, the
mean flexural strength values observed in this study
(833.7 MPa) after 5 year of clinical simulation were
higher than other commercially available ceramic
materials. The results of the present study was in
disagreement with Curtis et al®” and Pittayachawan
et al®» who reported that the flexural strength of
Y-TZP was not significantly changed after aging.
Ardlin® and Papangiotou et al®¥ also did not find
any significant reduction in the strength of zirconia
after hydrothermal and mechanical loading which
was not in consistence with the results of the present
study. They suggested that the t-m transformation
zone did not extend deep enough into the ceramics.
The increase of monoclinic phase induced by aging
of Y-TZP is documented in the literature.®> The XRD
analysis in the present study showed some amounts
of  t-m transformation at the end of the aging
period which is equivalent to five years of clinical
service. This was in agreement with the results of
Cotes at al®” who found insignificant percentage of
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monoclinic phase after mechanical cycling. While
Pittayachawan®? did not find monoclinic phase in
mechanically loaded specimens. This might be related
to the different chemistry of zirconia substrate used in
their investigations, as not all the Y-TZP brands are
the same in terms of their composition mainly Yttria
and aluminum oxide content and the grain size also
may affect their microstructure and resistance to LTD.
3631 The smaller the grain size in monolithic zirconia,
the less the transformation to the monoclinic phase
and thus suppressing hydrothermal degradation.®®
The phase transformation, even in small amounts may
be attributed to subcritical crack growth behavior of
Y-TZP under cyclic loading.

CONCLUSIONS

Within the limitations of this study the following
conclusions can be drawn.

1. The flexural strength of translucent monolithic
Yttria stabilized zirconia is decreased after ther-
mal cycling and mechanical loading at the pe-
riod equivalent to one year of clinical service.

2. Further decrease of flexural strength occurred
following aging at the period simulating five
years of clinical service.

3. At the end of the aging period there were some
induced monoclinic transformation which pro-
vides evidence of the instability of the tetrago-
nal phase.
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