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Introduction

Abstract

BACKGROUND: The reason for the development of high strength zirconia is that zirconia offers enough high
strength of about 1000 MPa and high strength glass ceramic in the range of 360—400 MPa, to provide safely ceramic
options for many indications.

AIM: This study aims to evaluate the fracture resistance of zirconia-reinforced lithium silicate (ZLS) ceramic and
lithium disilicate ceramic restorations.

MATERIALS AND METHODS: In this in vitro study, forty crowns were fabricated by CAD/CAM technology, all
samples were divided into two groups (n = 20) according to ceramic material used: Group Z ZLS ceramic (celtra
due) and Group L lithium disilicate ceramic blocks (IPS E-MAX). Further subdivided into two subgroups according
to the aging procedure (n = 10): (a) Subgroup — ZA: Aging. (b) Subgroup — ZB: No aging. (c) Subgroup — LA: Aging.
(d) Subgroup — LB: No aging. All samples were subjected to universal testing machine (Instron) to evaluate the effect
of the chemical aging on the fracture resistance.

STATISTICAL ANALYSIS: One-way ANOVA analysis was used to compare measurements among groups.

RESULTS: ZLS showed higher fracture resistance than lithium disilicate, but there was no statistical difference between
them. Aging affected on the fracture resistance of two different ceramic materials but within an acceptable range.

CONCLUSION: ZLS gave rise to higher fracture resistance than lithium disilicate and aging decrease fracture
resistance of both types of ceramic. The postulated hypothecs of this study were zirconia reinforced, lithium silicate
will be higher fracture resistance than lithium disilicate, and chemical aging will have a huge effect.

formed are 4-8 times smaller than crystals of
conventional lithium disilicate. The resultis an ultra-fine
microstructure that has high average flexural strength

In the past 10 years, zirconia and high-strength
glass-ceramics (e.g., lithium disilicate) have become
established in prosthodontics and restorative dentistry
and are clinically used.

The primary reason for the development of
zirconia-reinforced lithium silicate (ZLS) is that zirconia
offers high strength of about 1000 MPa and high strength
glass ceramic in the range of 360 MPa—400 MPa, to
provide safely ceramic options for a wide range of
indications. With the CAD/CAM technology and the full
potential of these materials are covered.

The outstanding properties of ZLS are a
function of its unique microstructure. The presence of
10% zirconia in the glass phase in atomically dissolved
form provides high strength, safety, and long-lasting
restorations. The zirconia is essentially responsible for
the nucleation of the crystal phase.

The inclusion of 10% of zirconium oxide
ensures particularly high strength. The crystallites

with high glass content. This has great effects on the
optical and mechanical properties of the material.

In the chewing simulation, it behaves in a way
that is atypical of ceramic materials while ceramics
lose some of their strength in the aging process; it
retains its high level of strength due to ample strength
reserves.

The 70% crystal phase of the lithium
disilicate glass-ceramic material refracts the light very
naturally, while also providing better flexural strength
(360—400 MPa). This gives more indications for
use and the ability to place restorations using usual
cementation techniques, while also having strength
and esthetics [1].

Fracture resistance within a safety range
should be required for a favorable clinical prognosis of
all-ceramic [2]. The fracture behavior of the ceramics
should be evaluated for the longevity and estimate the
risk of failure [3], [4], [5], [6].
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Materials and Methods

Crown shaped samples were constructed by
CAD\CAM technology (n=40).

All samples were divided into two groups
according to the type of ceramic:

o Group (n = 20) Z: ZLS ceramics (Celtra due,
Dentsply-Sirona, Bensheim, Germany).
o Group (n = 20) L: Lithium disilicate ceramics

(IPS E.MAX, Ivoclar Vivadent AG, Schaan,
Liechtenstein, USA).

Each group was subdivided into two subgroups
(n =10), according to the aging procedure:

Subgroup — ZA: Aging.
Subgroup — ZB: No aging.
Subgroup — LA: Aging.
Subgroup — LB: No aging.

The second premolar tooth was collected from
the orthodontic department with average size and free
of caries or cracks. For disinfection purposes, teeth
were immersed in a 5.25% sodium hypochlorite solution
for 24 h. Thereafter, they were stored in saline.

The second premolar tooth was used in this
study and was prepared with a deep chamfer finish
line for complete crowns. Tooth preparations were
done by one operator with a total convergence angle of
10-12°, chamfer margins of 30° circumferentially, 1 mm
circumferential, and occlusal reduction of 1.5 mm. All
line angles were rounded (Figure 1).

Figure 1: Prepared maxillary second premolar tooth

Then, the prepared tooth was embedded in an
acrylic resin (Acrostone, Egypt) base to create a model.

Special trays were made from acrylic resin
(Figure 2) to take an impression for the model to make
40 models from the prepared tooth and the impressions

BT

AOTTT,

LN

Figure 2: Acrylic special tray

were taken by polyether impression material (3M ESPE
Monophase Polyether Impression Material, 3M/ESPE,
AG, Seefeld, Germany).

Epoxyresin (Kemapoxy 150, CMB international,
Giza, Egypt) was used to pour all impressions to make
the models of the prepared tooth (Figure 3).

Figure 3: Epoxy model

Then, the digital impression (Figure 4)
was taken by CEREC Omnicom (Dentsply-Sirona,
Bensheim, Germany) for the prepared tooth.

Figure 4: Digital impression

The same design of the prepared tooth made
by CEREC premium software (Dentsply-Sirona,
Bensheim, Germany) (Figure 5).

Figure 5: Crown designing
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Both ceramics had the same parameters;
spacer radial and occlusal were 120 p, the marginal
Ramp angle was 600, minimum thickness radial was
800 w, minimum thickness occlusal was 1000 u, margin
thickness was 50 u, and the marginal ramp width was
50 u (Figure 5).

Crowns milling (Figure 6) made using CEREC
MCXL (Dentsply-Sirona, Bensheim, Germany) for
ceramic blocks (C14), and the sprue was placed toward
the palatal surface.

Figure 6: Crowns milling

After milling the crowns cleaned with a steam
cleaner carefully blow-dry the restoration in an airstream
then try into examine its fit. Sprue removal was done
using a grinding instrument. Before glazing the surface
cleaned with a steam cleaner.

Using IPS E.MAX CAD glaze (lvoclar Vivadent
AG, Schaan, Liechtenstein, USA ) and was applied to
the entire crown surface using a brush and then inserted
into ceramic furnace programat P310 (Ivoclar Vivadent
AG, Schaan, Liechtenstein, USA) (Figure 7).

Figure 7: Crystallization and glazing

° Celtra due firing program was (Table 1):
° IPS E-MAX firing program is Table 2:

Before cementation with the adhesive resin,
the fitting surfaces of the crowns were cleaned using
36% phosphoric acid etching gel, followed by etching
with 9.5% hydrofluoric acid gel (porcelain etchant)
(Bisco, Schaumburg, USA) for the 20 s. Then, the

Table 1: Celtra due firing program

etched ceramic surface was cleaned using water spray
for the 60s. A silane coupling agent (porcelain primer)
(Bisco, Schaumburg, USA) was applied to the inner
surface of each crown immediately and air-dried in
the 60 s. Then, the ceramic crowns were cemented to
epoxy teeth using the adhesive resin cement (BIS Cem)
(Bisco, Schaumburg, USA). The excess cement at the
margin was removed carefully, and an air-inhibiting gel
was applied. The composite resin cement was lightly
cured Blue N phase (lvoclar Vivadent AG, Schaan,
Liechtenstein, USA) for the 30 s on each side with a
light intensity of 1200 mW/cm? (Figure 8).

Figure 8: Cemented crown

After crowns cementation, both subgroups ZA
and LA were subjected to the aging procedure.

The samples were first washed 3 times with
ethyl alcohol then dried then immersed into a 4% acetic
acid solution at a temperature of 800°C and kept for
16 h according to the ISO standards for hydrolytic
resistance of dental ceramic materials (ISO 6872) [7] .
After cooling at room temperature at the end of the test
the samples will be removed, rinsed with de-ionized
distilled water and ethyl alcohol, and dried.

Then, the samples were placed in a universal
test machine (Instron) for the fracture resistance test. A
stainless-steel ball 3 mm diameter was used to apply
a compressive load on the occlusal surface along the
long axis of the tooth at a crosshead speed of 1 mm
min. This compressive load was centered on the midline
at the central fossa of each crown (Figure 9). A piece
of polyethylene foil, with 1 mm thickness, was placed
between the crown and the ball to achieve a uniform

Standby Temperature Closing time Heating rate Firing temperature Holding time Vacuum Long-term Cooling Cooling temperature
B S n T H on/off L tL
°C min °C/min °C min Vac1(°C) °C °C
Vac2 (°C)
500 3:30 60 820 1:00 off 750 50
Table 2: IPS E-MAX firing program
Stand-by temperature  Closing time ~ Heating rate  Firing temperature Holding Heating rate Firing Holding Vacuum 1  Vacuum 2 Long-term  Cooling rate
B [°C/°F] S [min] t1 [°C/°F/min] T1[°C/°F] time t2 [°C/°F/min]  temperature time 11 [°C/I°F] 21 [°C/°F] cooling Lt [°C/°Fmin]
H1 [min] T2 [°C/°F] H2 [min] 12[°C/°F] 22 [°C/°F] [°C/I°F]
403/757 0:30 120/216 850/1562 0:00 70/126 870/1598 3:30 690/850 850/870 705/1301 O

1274/1562  1562/1598
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Figure 9: Fracture resistance test

distribution of the force [8]. The maximum load at which
the specimens fractured was recorded in Newton’s.

Statistical  analysis  was
one-way ANOVA and Multiple
Dependent Variable: VAR00002 LSD.

done  using
Comparisons.

Results

Means and standard deviations of the fracture
resistance of the ZLS before aging and ZLS after aging
are shown in Table 3. The results showed that there

Table 3: Fracture resistances of zirconia-reinforced lithium
silicates before and after aging in N

Standard deviation
120.01
94.62

Mean
1093.96
877.07

Groups
Zirconia-reinforced lithium silicates before aging
Zirconia-reinforced lithium silicates after aging

is a statistically significant difference between the two
groups. ZLS before aging recorded higher fracture
resistance (1093.96 N) than ZLS after aging (877.07N)
(Figure 10).

1200

1000

800 m Celtra due before aging
600 W Celtra due after aging

400

200

0

Figure 10: A comparison between fracture resistances of zirconia-
reinforced lithium silicates without and with aging

Means and standard deviations of the fracture
resistance of the lithium disilicate before aging and
lithium disilicate after aging are shown in the Table 4.
The results showed that there is a statistically significant
difference between the two groups. Lithium disilicate
before aging recorded higher fracture resistance
(1052.16 N) than after aging (862.7N) (Figure 11).

Table 4: Fracture resistances of lithium disilicate before and
after aging in N

Standard deviation
282.29
184.6

Mean
1052.16
862.7

Groups
Lithium disilicate before aging
Lithium disilicate after aging

1200

1000

800 M Emax before aging

600 m Emax after aging

400

200

0

Figure 11: A comparison between fracture resistances of lithium
disilicate without and with aging

Figure 12 showed a comparison between the
two tested ceramics before and after aging, although
that ZLS recorded higher fracture resistance than
lithium disilicate before and after aging (1093.96#
1052.16) and (877.07# 862.7), there was no statistically
significant difference between these two ceramics.

- 1200
~ 1000
M E max before
aging [ 800
- 600
M E max after aging - 200
- 200
M Celtra before 0
s [=T] o0 [=T] o0
aging = i = £ L
[T} oo [T} o0
. © © © ©
M Celtra after aging = o = o
§18] %58
L L
Celtra E max

Figure 12: A comparison between fracture resistances of all groups

Discussion

This study evaluated and compared the
fracture resistance of ZLS with the lithium silicate CAD/
CAM crowns.

In the present study, the materials tests were
conducted to evaluate the mechanical properties of
both CAD/CAM ceramic materials under standardized
conditions.

Crowns’ designs were manufactured by CAD/
CAM,; they had the same design and parameters.

Fracture resistance is the nominal property of
a material when this is resisting the development of a
fracture. Hence, fracture resistance tests of ceramic
materials are essential for the anticipated lifetime with
an adequate low possibility of failure [9].

In this study, the fracture resistance of ZLS is
higher than lithium disilicate due to homogeneous fine
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crystalline structure in zirconia lithium silicate while
lithium disilicate revealed a structure with needle-
shaped fine-grained crystals embedded in a glassy
matrix. The ZLS revealed a lower probability of failure
and a higher strength than lithium disilicate according
to Weibull Analysis [10]. Although, this difference in
fracture resistance was not statistically significant.

Half of the crowns were subjected to an aging
procedure according to ISO 6872 [7].

The acidic acid used caused rough surfaces
to the ceramics tested. In the oral cavity, the ceramic
restorative materials would be exposed to the
various temperature and acidic-base changes from
food and beverages. Hence, the ceramic materials
should resist or have only little changes in these
environments. The previous studies have reported a
clinical service life of metal-ceramic restorations up
to 20 years [11], [12].

Acetic acid is the acid used for chemical
stability testing following ISO standard 6872 [7], and
affected the fracture resistance of both ceramics and
lowers the fracture resistance.

The previous studies have documented that
increasing surface roughness of ceramics may decrease
strength [13], [14]. The increasing surface roughness of
the studied ceramics may cause bacterial colonization,
strength reduction of the ceramics evaluated, and would
result in clinical failure of ceramic restorations [15].

Acetic acid is a weak organic acid; however, it
is fairly corrosive to ceramics because of its chelating
effect [16].

Conclusion

The fracture resistance of ZLS is higher than
lithium disilicate without aging.

The groups subjected to aging showed lower
fracture resistance than that not subjected.
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