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ABSTRACT
Objective: To study the fracture origin of different zirconia restorations.

Materials and Methods: A first upper premolar sound natural tooth was prepared and duplicated
into epoxy resin die. Twenty-one full coverage crowns were fabricated and divided into three groups
according to type of ceramic material; super high translucent monolithic zirconia (Zolid fx) group
(A), super translucent monolithic zirconia (STML Katana) group (B), and zirconia core (Ceramill
zi) with hand-layered veneering porcelain (Vita VM9) group (C). Crowns were cemented with self-
adhesive resin cement. All samples were first subjected to thermal cycling (5°-55°C/10,000 cycle)
and then to chewing simulator (240,000 cycles, SON). After fracture resistance test, fractographic
method was used to analyze the fractured samples.

Results: The fracture origin of all studied groups was similar with crack origin located at
occlusal surface (cone crack). Crack origins were indicated with mirror regions with appearing
lines of hackle.

Conclusion: The fracture origin was found to be dependent on the fracture resistance technique
rather than the material itself.
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INTRODUCTION Fractographic analysis provides reliable facts

o . . about the fracture component in order to investi-
Monolithic zirconia was introduced to overcome . . .
gate the circumstances surrounding a failure event

the bilayered zirconia problems, such as chipping i he expectation of eventually explaining the
or delamination, and to achieve the greatest strength  cause of failure whether it was a result of material

within ceramic restoration . deficiency (fabrication process), design deficiency,
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or in situ stress induced conditions ®. The first use
of clinical fractography in the dental literature in-
volving ceramic clinical failures goes back to 1989
and 1990 ®. Fractography includes the examination
of fracture surfaces and its features resulting from
the interaction of the advancing crack with the mi-
crostructure of the material and the stress fields .

The fractured ceramics may give features like
compression curl, hackle, wake hackle, twist hackle,
mirror and arrest line. Those features contribute
to identify the failure origin and the direction of
crack propagation (dcp) to finally state the specific
reasons for failure ®. Ceramics are strong under
compressive strength and brittle under tensile stress.
Thus, upon failure, brittle fractures commonly occur
with approximately 0.01% of elastic elongation and
no detectable plastic deformation . This gives rise
to typical fracture patterns ©.

The aim of this study was to compare the fracture
origin of fatigued restoration of different types
(monolithic and bilayered zirconia) after fracture
strength test. The null hypothesis to be tested was
that the fracture origin of zirconia would not be
affected by the fabrication technique.

MATERIALS AND METHODS

The natural sound upper first premolar tooth
was prepared using the CNC milling machine with
1.2mm chamfer finish line and occlusal reduction
1.5mm, then the prepared tooth was duplicated
into 21 epoxy resin dies. Twenty-one epoxy dies
were randomly divided into three groups (7 each)
according to material (Table 1). Group (A) was
super high translucent monolithic zirconia, Group
(B) super translucent monolithic zirconia and Group
(C) bilayered zirconia (control group).

After scanning of the master die, two designs
were done. First design was for group (A,B)
with occlusal thickness of 1.5mm and axial wall
thickness of 1.2mm, second design was for group
(C) with 0.5mm coping thickness. All groups were
dry milled with the same five axis milling machine.
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TABLE (1): Samples grouping

Groups Abbreviation No. of samples
Full monolithic restoration A 7
Full monolithic restoration B 7
Bilayered restoration C 7

The full contoured crowns were sandblasted
on the external surface, cleaned with a steam
cleaner, and glazed. Silicon index impression
mold was taken from one finalized full contoured
restoration in order to duplicate the anatomy with
total dimensions of 1.5mm occlusally and 1.2mm
cervically to standardize the veneered crowns final
thickness ©7. The silicon mold was split into two
halves (buccal-lingual). The thickness of veneering
porcelain was 0.7mm cervically and 1.0mm
occlusally as recommended by the manufacturer’s
instructions ®, add-on glazing was applied over the
bilayered zirconia crowns. Firing cycle in special
furnace was done according to the manufacturer’s
instructions.

After sandblasting of the internal surface, all
restorations of each group were cemented onto
resin duplicating dies with self-adhesive resin
cement (RelyX U200, 3M ESPE, Germany) using
customized loading device of 5kg for 5 minutes ©1.

After one week of distilled water storage at room
temperature ", the samples were subjected to aging
with thermocycling ( SD Mechatronik Thermocy-
cler, Munich, Germany) of 10,000 cycles (5-55°C)
in distilled water " then subjected to 240,000 me-
chanical cycles (CS-4.4, SD Mechatronik, Munich,
Germany) of 5kg load in distilled water to simulate
one year of service ¥,

Fracture resistance test was performed for all
samples with cross-head speed 0.5mm/min till fail-
ure in a universal testing machine (Model 3345, In-
stron Industrial Products, Norwood, MA, USA) ©,
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After the fracture resistance was done, the
fractured samples were analyzed by fractographic
methods start with stereomicroscope (MA100
Nikon Stereomicroscope, Japan) and then with
scanning electron microscope (SEM Model Quanta
250FEG, Thermo Fisher Scientific, Netherlands)
to detect the fracture origin and crack propagation
U4, Before scanning with SEM, the fragments were
cleaned in an ultrasonic alcohol bath for 10 min
U3 The fracture origins were classified into either
from occlusal surface (cone crack) or from internal
surface of the crown (radial crack) or at crown

margin 9.

Categorical data were presented as frequency
and percentage values and analyzed using Fisher’s
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exact test. Differences between groups were tested
for statistical significance by use of one-way
analysis of variance ANOVA test. The significance
level was set at p <0.05.

RESULTS

Fractographic results

Frequencies (n) and Percentages (%) of fracture
origin in different groups were presented in (Table
2). SEM images of all samples revealed fracture
originating from the occlusal surface. Crack origins
were indicated with mirror regions where the
appearing lines of hackle help in determining the

crack propagation (Figs 1, 2 and 3).

TABLE (2): Frequencies (n) and Percentages (%) of fracture origin in different groups

Fracture origin A B C p-value

n 7 7 7

Occlusal surface (cone crack)
% 100.0% 100.0% 100.0%
n 0 0 0

Internal surface of the crown (radial crack) NA
% 0.0% 0.0% 0.0%
n 0 0 0

Crown margin
% 0.0% 0.0% 0.0%

Arrest line

Fig. (1): Fractured monolithic zirconia sample group (A) viewed at 46X and 800X under SEM exhibiting fracture initiation point,

arrest line and hackles lines.
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Fig. (2): Fractured monolithic zirconia sample group (B) viewed at 52X and 400X under SEM exhibiting fracture initiation point,

arrest line and hackles lines.
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Fig. (3): Fractured bilayered zirconia sample group (C) viewed at 54X and 250Xunder SEM exhibiting fracture initiation point,

twist hackles and hackles lines.

DISCUSSION

The aim of the present study was to compare the
fracture origin of different types of monolithic and
bilayered zirconia restoration after thermomechani-

cal fatigue and fracture strength test.

The master die was prepared with computerized
numerical control (CNC) machine after designing of
preparation to standardize reduction “'”. Epoxy resin
dies were used to substitute the natural abutments
because of its close modulus of elasticity (11.8GPa)
to that of the dentine (18.6GPa) "®. The epoxy resin
dies have successfully served to standardize the

master die dimensions (9.

SEM images of the analyzed bilayered zirconia
samples revealed that the fracture was originating
from the occlusal surface (cone crack). Crack
origins were indicated with mirror regions where
the appearing lines of hackle or wake hackle help
in determining the crack propagation. The possible
explanation for this may be due to contact damage
at the occlusal loading point as the restorations
were loaded at the occlusal surface with a steel ball
Smm in diameter and may thus have limited clinical
significance.

Our results agreed with Mogahed et al., *® who
found concave orientation of the arrest lines in the
chipped veneering layer which indicated that the
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damage started at the occlusal surface similar to the
origin of fracture in the current study.

Our results disagreed with @ilo et al., ?V who
reported that the margins flaws can initiate core
fractures during clinical use, as it was found that
the failure origin of molar bi-layered zirconia
restorations were located at the cervical margin of
proximal area. This could be related to the used
30mm diameter steel ball during fracture resistance
test that have created hoop stresses at the margin.
Also, Oilo and Gjerdet ®® noted same type of
stresses at the restoration margin, they explained
that this could be as a result of difference of
modulus of elasticity between dentine and ceramic
restorations that leaded to compression stresses at
restoration margin. Moreover, Aboushelib et al.,
23 compared the fracture origin of in-vivo and in-
vitro restorations in which it was found that the
fracture origin of bi-layered zirconia restorations
in-vivo located at the internal surface (radial crack)
that was related to the CAD-CAM milling defects,
while in-vitro it was present at the occlusal surface
as cone crack as a result of the loading conditions
that cannot occur intraorally.

Also, the results of our study disagreed
with Skjold et al., ®® who showed that 0.5mm
thickness zirconia core without veneering material
experienced internal surface cracks because of the
limited occlusal thickness of zirconia core together
with the wedging action created by cylindrical
indenter over both the zirconia core and the
underlying cement that crashed immediately under
tensile stresses followed by cracks at the internal
surface of zirconia core. The possible explanation
for this may be due to the limited thickness of the
restoration used while in our study veneered core
showed increased fracture load during fracture
resistance test.

SEM images of the analyzed monolithic zirconia
restorations either group (A) or group (B) revealed
that the fracture is originating from the occlusal
surface (cone crack). The possible explanation
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for this may be due to it’s increased thickness and
the possibility of presence of microcracks in the
sublayer zone which result in occlusal initiation
of the crack. Also, it could be related to complex
occlusal morphology of upper premolar because of
it’s cusp steepness which increased the possibility of
fracture under occlusal loads. Result of the current
study is in agreement with those of Findakly and
Jasim ® and Spitznagel et al.,®.

Our results contradicted with Mogahed et al.,>”
where monolithic zirconia restorations showed
cementation internal surface cracks (radial cracks)
due to higher elastic modulus of monolithic zirconia
compared to other groups. The critical load required
to initiate radial crack depends on the elastic modulus
difference between supporting structure material
and restoration material. The elastic modulus
difference between restoration and supporting die is
higher in case of monolithic zirconia crown which

showed internal surface crack.

Also, our results disagreed with Skjold et al.,
19 where monolithic zirconia restorations showed
a fracture origin in cervical margin in the proximal
area where the finish line curves toward the occlusal
surface. The proximal region is the weakest part
of the crown as the mesial and distal margins of a
ceramic restoration exhibited highest stress values
during compression. The possible explanation for
this may be due to the presence of flaws distributed
along the restoration margins as an intrinsic part
of this restoration. Moreover, margin flaws will
likely be more vulnerable to aging and thus more
detrimental to strength because of the stress
accumulations at the flaws. Despite of the presence
of other previous studies of both clinical failures
and in vitro failures have shown both flaw-induced
fractures and fractures originating from apparently
flawless margins.

The limitations of the present study were
that it was in-vitro study in which not all in-vivo
simulation conditions were applied like variation of
mechanical forces, pH changes, presence of saliva
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and bacteria. Another limitation was that analyzing

with long term thermomechanical fatigue duration

might be necessary to obtain better evaluation of in-

vitro studies. Further in-vivo trials with long term

follow ups are encouraged.

CONCLUSIONS

Within the limitations of this study the following

conclusions could be drawn:

1-

Fabrication techniques of zirconia restoration
does not affect the fracture origin.

The fracture origin was found to be dependent
on the fracture resistance technique rather than
the material itself.
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