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ABSTRACT

Objective: The aim of the study was to examine the fracture resistance of lithium disilicate, indirect resin composite and zirconia by using dual
cure resin cements.

Methods: Three groups of 180 samples (n= 60) of E-max, zirconia and indirect resin composite materials (10mm diameter and 1 mm thickness).
Discs were fabricated and cemented with three dual curing resin cements. Aging treatment was then applied to the discs by using thermal cycle
machine (at 5°C to 55°C/dwell time: 20s), 10000 cycles for 168 hours’ 7 days. Fracture tests were performed to the sample discs using piston
on three balls test to determine the biaxial flexure strength of the 180 discs of the three materials. The results were analysed by using one-way
analysis of variance (ANOVA) and t-test.

Results: Statistically significant difference was found between control groups (before cementation and thermal cycle) and both group B (after
cementation before thermal cycle) and group C (after cementation and thermal cycle) in all materials (P<0.05). Comparing Zirconia, Gradia and
E-max all control groups showed statistically significant difference and Zirconia was showed greater flexural resistance against other materials.
In addition, all materials also showed statistically significant difference in Variolink/Multilink cemented Group B and C. In Nexus cemented
Group B and C statistically significant difference was found only Zirconia material. Similar to control group results, Zirconia material was showed
greater flexural resistance values with both cements in Group B and C.

Conclusion: There is a difference between flexural strength of the three materials, Zirconia has a better flexural strength when compared to

lithium disilicate and indirect resin composite.

-
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1. INTRODUCTION

Fracture resistance is the most essential factor for the survival
of a dental restoration (1). The strength and aging of intraoral
restorations are associated with the achievement of three
parameters; strength, fit and esthetic (1,2). An important
characteristic of dental materials is fracture resistance as
it depends on material resistance to crack from its internal
defects (3). Such cracks may lead to microscopic fractures of
the restoration margins and/ or the bulk fracture of the filling
(4). According to Juntavee and Millstein (5) many ceramic
materials have a critical strain fracture ranging from 0.05 to
0.2%, thus to improve the strength of ceramics, the flexural
modulus should be amended. Batchelor (6) found that
strength and modulus of elasticity improves with the increase
of the proportion of the crystalline phase after addition
of the crystalline grains of high strength and elasticity.
Moreover, latest arguments about dental ceramics stated
that the presence of residual stresses influence the strength
of dental ceramics (7). Ceramic materials are known for

their good aesthetic, excellent fracture resistance, bonding
durability and simplified fabrication techniques using CAD/
CAM, therefore, there is a growing interest in them (8).
Lithium disilicate glass ceramic is one of the glass ceramic
materials that has improved in performance in the last
years; it is known for its high flexural strength and appealing
translucency (9). In addition, Nawafleh (10) investigated the
impact of core/veneer thickness ratio on the fracture strength
of lithium disilicate crowns. According to this study results
revealed that lithium disilicate had higher fracture resistance
and more capable to survive. Additionally, Johansson et al
(11) compared fracture resistance of monolithic zirconia and
monolithic lithium disilicate (IPS E-max press) after thermal
cycle and found zirconia has higher flexural strength (1000
MPa) than lithium disilicate (400 MPa). Besides, Guazzato
et al. found that among a type of materials; zirconia offers
enhanced mechanical properties when compared to other
ceramic materials. However, it has been demonstrated that
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flexural strength of zirconia decreases when subjected to
such aging treatments and thermal cycle (12-15).

The most popular aesthetic restorative material used in
prosthetic restorations are porcelain fused to metal (PFM);
zirconia, lithium disilicate and indirect resin composite as
they are thought to have excellent mechanical properties.
Thus, they have been widely used by clinician because of
their excellent aesthetic properties. Fracture resistance of
lithium disilicate, Indirect resin composite and zirconia has
been intensively studied. However, there is lack of research
comparing the materials that which is better in terms of
strength and colour maintenance. Thus, this study aimed to
examine the fracture resistance of lithium disilicate (E-max),
Indirect resin composite and zirconia by using dual cure resin
cements. The null hypothesis was that there is no difference
of flexural strength between the materials.

2. METHODS

2.1. Preparing the samples

Three groups of 180 samples (n= 60) (10mm diameter, 1
mm thickness) (16-19) of E-max, zirconia and indirect resin
composite materials (Table.1). The specimens were randomly
divided into three experimental groups; Group A (control
groups; before cementation and thermal cycle, before
cementation after thermal cycle), Group B (after cementation
before thermal cycle), Group C (after cementation and
thermal cycle).

Table 1. Materials and groups

Groups Materials Working methods
Group A: total (n=60) E-Max  (n=20) Control group no
Control group Zirconia (n=20) thermal cycle+ fracture
(no cementation) Gradia (n=20)  (n=30)
Thermal cycle
Control group fracture
(n=30)
Group B: total (n=60) E-Max (n=20)  Cementation + fracture

Divided into: Zirconia (n=20)
Variolink N + Multilink N auto- = Gradia (n=20)
mix (n=30)

Nexus3 (n=30)

Group C: total (n=60)
Divided into:

Variolink N + Multilink auto-
mix (n=30)

Nexus3 (n=30)

+ no thermal cycle.

E-Max (n=20)  Cementation+ thermal
Zirconia (n=20) cycle + fracture.
Gradia (n=20)

For the E-max fabrication lost-wax and heat-pressed
techniques (IPS E-max press Programat EP3000 press
furnace, Ivoclar Vivadent, Schaan, Liechtenstein) was used
for one shade of a lithium disilicate glass-ceramic material
(IPS e-max Press HT and LT, Al shade, n=60/each; Ivoclar
Vivadent, Schaan, Liechtenstein). All samples were fabricated
at 10 mm diameter and 1 mm thickness by using the CAD/
CAM Ceramill Motion2 (Amann Girrbach, Koblach, Austria)

with 5-axis technology wet-grinding and dry-milling in one
compact unit (figure 1). In order to achieve the accurate
dimension of the wax block as shown in every sample takes
10 min milling. After that wax was removed from the CAD/
CAM machine and attached to a special sprue ring.

Gradia

5 E-max
Zirconia

Figure 1. Final shape of the disc materials (Zirconia, E-max and
Gradia)

Later on, investment powder 100g (Maruvest investment,
Cerampress, Megadental, Germany) was poured and
mixed with water using vacuum mixing unit (Renfert,
Hilzingen, Germany) then placed inside 850°C furnace
(burn-out furnace, Renfert Magma, Hilzingen, Germany)
for 45 minutes. After furnace, it was ready for Programat
EP3000 press furnace. After pressing the ring was separated
using sandblasting unit (Renfert, Hilzingen, Germany) then
removed the sprues using a diamond disc (Horico, Berlin,
Germany). Then the disc was removed by using airborne
particle abrasion unit (Toptec-Bego, Bremen, Germany) with
50-mm glass beads at a pressure of 4 to 2 bars. The level of
the pressure was decreased when it became closer to the
ceramic material’s surface. Both surfaces of the specimens
were successively wet-ground to the desired dimensions
with 220-, 320-, 500-, 600-, and 800-grade silicon carbide
papers mounted on a surface grinder and polisher machine
(MetaServ Grinder-Polisher; Buehler UK, Coventry, UK). The
final step was to clean and wash the specimens under water.
These are the steps of creating E-max samples to reach the
accurate dimension required which is 10 mm diameter and
1mm thick.

Zirkonzahn (Zirkonzahn, der Ahr, Gais, Italy) translucent blank
was used for 60 fabricated samples of zirconia. The zirconia
was manufactured in the CAD/CAM Ceramill Motion2
(Amann Girrbach, Koblach, Austria) with 5-axis technology
wet-grinding and dry-milling in one compact unit by using
CAD/CAM software and inserted the samples of 10mm
diameter and 1mm thickness, after that the CAD/CAM milling
machine started to mill the specimen for 10 minutes for each
sample. After milling the specimen, a low speed hand piece
(NSK ultimate x|, Shimohinata, Japan) was used with a fine
bur to remove the disc from the blank. After that, using a
rubber finishing bur to soften the edges of the disc and
scrubbed with a small brush. Then immersed the disc inside
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Al water-based (Zirkonzahn, der Ahr, Gais, Italy) colour liquid
to achieve the desired Al shade discs and placed them into
the sand until dried. The zirconia specimens were sintered at
1500°C after they were made.

For indirect resin composite fabrication 60 samples of Gradia
(GC Europe N.V: Leuven, Belgium) were manufactured into
Al shade by filling a metal ring of 10mm diameter and 1mm
thick by using a tube of indirect resin composite Gradia
manufactured from (GC Europe N.V, Leuven, Belgium).
After filling the metal ring by the composite, the material
was pressed between two glass slides and fixed with an
elastic band, then was stapled with a stapler machine for
15 minutes to achieve the accurate dimension. After that it
was inserted inside the light-cured machine (Lumamat100,
Ivoclar Vivadent AG, Schaan, Liechtenstein) for 12 minutes to
polymerise the discs.

2.2. Cementation

Before cementing the materials one surface of the disc was
sandblasted by a suitable sandblasting unit with alumina
sand from a distance of 10 mm for 15 seconds each (Renfert,
Hilzingen, Germany, 30 um, 0.28MP). These steps were
applied with different types of pressure according tothe bonds
manufacture. The three materials were then cemented with
Dual Cured Resin Cements: Variolink N Resin Cement System
Base (shade “0” transparent), and catalyst “0” transparent
shade (lvoclar Vivadent AG, Schaan, Liechtenstein).
Multilink N transparent shade (lvoclar Vivadent AG, Schaan,
Liechtenstein) and Nexus Third Generation NX 3 — Nexus3
“clear” shade (SDS Kerr, California, USA).

Cementation was prepared using Mylar strip technique” (20).
The Mylar strip was placed over a glass slab and two adhesive
tape strips (4M) were placed over the Mylar strip to act as
spacer to ensure the standard thickness for all cements and
prevent it from moving.

The Resin Cement Variolink N, Base and catalyst “0”
transparent shade, respectively: was used for Gradia
samples by first painting the samples with a special brush
from the Variolink N kit with Monobond N and waited for
one minute then mixed the (shade “0” transparent) base and
catalyst together on a mixing paper pad with a spatula then
applied on the disc by using a plastic instrument and placed
on the glass slab. Additionally, the same procedure has been
done for the E-max samples but first used hydrofluoric acid
on each disc before applying the Monobond N. Multilink N
transparent shade was used only for Zirconia by applying
Monobond N with a special brush from the Multilink N kit.
A dual-cured cement (base/catalyst) and a single-syringe
with small tube on each disc were then placed on the glass
slab.

Nexus Third Generation NX 3 — Nexus3 “Clear” shade was
used for all materials (E-max, Zirconia and Gradia) by using
a special brush from the kit to apply the Optibond XTR
then waited for one minute before auto-mix. After that a

dual-cured cement (single-syringe base/catalyst) was applied
to the disc then placed on the glass slab.

All disk-shaped specimens were placed over the glass slab to
create a Resin Cement layer with approximately 100mtm thick
underneath the ceramicdisc (20). After that light cured device
was applied for 1 minute for every sample of each material
(Bluephase N; Ivoclar Vivadent AG, Schaan, Liechtenstein) to
achieve optimum polymerization for each disc.

2.3. Thermal cycle

Thermocycling with temperature switching from (5°C to
55°C/dwell time: 20s (SD Mechatronik Thermocycler, Julabu,
Germany) was performed; 10000 cycles for 168 hours (7
days) (21, 22). After thermocycling, the specimens were
washed in water and dried in absorbent paper before fracture
resistance test was made.

2.4. Fracture resistance testing (Biaxial flexure test)

All samples were individually mounted on a computer
controlled universal testing machine (Shimadzu, Japan) with
a loadcell of 5kN and data was recorded using computer
software (Shimadzu Software). The test was done by
compressive mode of load using a metallic rod with a flat
end tip (1.4mm radius) as recommended in ISO 6872. This
metallic rod is attached to the upper movable compartment
of testing machine traveling at cross — head speed of 1Imm/
min. The lower immobile base was fixed with screws. The
piston on three balls test was used to determine the biaxial
flexure strength of the 180 discs (10mm diameter 1mm thick)
of the three materials. The disc specimens were supported on
three steel balls (2.38mm diameter) positioned 120 distances
between each other on a circle (7.44-mm radius). The force
was applied to the middle of the specimen. The recorded
fracture load in (N) was then inserted into the following
equation to give the flexural strength value in (MPa):

5= —02387 P(X—-Y)/d*

S is the flexure strength in (MPa), P is the total load-causing
fracture in (N), and d is the specimen thickness at the fracture
origin. X and Y were determined as follows

X =(14v)In(n/n)2+ [(1-v)/2](rn/m:) >

Y = (1+v)[1+ In(ry/r) 31+ (1 —v)(ry/ry) °

The equation translated in as r| is the radius of the support
Circle in (mm), r, is the radius of the loaded area or the tip
of the piston in (mm), and r, is the radius of the specimen in
(mm) and (v) is Poisson’s ratio and it is noticed to be changed
from material to another (figure 2). According to lithium
disilicate Poisson’s ratio is (0.23) (23), (0.342) for Zirconia
according to material market instructions and for Gradia we
assumed (0.31) (24).
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Figure 2. Fracture resistance test

2.5. Statistical analysis

Descriptive statistics and inferential statistic techniques were
used for data analysis using SPSS (SPSS 23,00, SPSS Inc.,
Chicago, IL, USA). Statistical significance difference between
the variables was analysed using t-test and analysis of

variance and One-way ANOVA (post hoc) followed by Tukey
at significance level of P<0.05.

3. RESULTS

Table.2 illustrates the descriptive statistics of the flexural
strength results of the three materials E-max, Zirconia
and Gradia. One-way ANOVA (post hoc test) was used to
examine the difference of flexural strength between materials
according to the cements used and the difference between
groups (A, B, and C). For instance, the difference between
E-max Variolink control group A and E-max Variolink group B,
and the difference between Variolink group B and Variolink
group C etc (Table 3). The study results showed a statistical
significant difference between the groups and material used
in most of the variables. For instance, there was a significant
difference between E-max control group (before cementation
and thermal cycle) and Variolink Group B (after cementation
before thermal cycle) (P=0.000) and also a difference between
control group and Variolink Group C (after thermal cycle)
(P=0.020). One-way ANOVA was also used to examine the
difference between flexural strength of the three materials
among all the groups. According to the study results presented
in Table.4 there is statistical significance difference between
the majority of the variables. Independent sample t-test
determined the effect of thermal cycle on the flexural strength
of each material. The results indicated no significant difference
between control group A before thermal cycle and control
group A after thermal cycle in all materials (E-max P=1.000),
(Zirconia P=0.076) and (Gradia P=0.917).

Table 2. Flexural strength results of the three materials E-max, Zirconia and Gradia

E-max Zirconia Gradia
(n=60) (n=60) (LED)]
A Group B Group C Group A Group B Group C Group A Group B Group C Group
(n=20) (n=20) (n=20) (n=20) (n=20) (n=20) (n=20) (n=20) (n=20)
S C CcT Vv N Vv N c cT M N M N C CcT Vv N Vv N
S1 163.8 | 163.5 |513.5| 212 |197.2| 284 | 5825 |607.3 | 864.4 | 1094.4 | 741.3 | 904.3 | 110 | 86.6 | 457.7 | 407.3 | 273 | 389
S2 172.9 | 155.9 | 642.9 | 185 | 448 | 240.8 | 659.5 | 753.4 | 1007.7 | 1007.6 | 753.9 | 958.8 | 95.9 | 81 261 |435.3 | 143.6 | 367.8
S3 152.5|185.2 | 367.6 | 335.6 | 157.3 | 193.3 | 713.9 | 718.3 | 943.7 | 947.8 | 917.8 | 890.2 | 87 | 65.8 | 297.3 |223.9 | 132.7 | 149
S4 169.4 | 204.4 | 446.5 | 348.4 | 232.7 | 183.8 | 703.9 | 667.2 | 896.2 | 935.4 | 879.2 | 600.2 | 117.4 | 72.4 | 297.6 | 296.2 | 154.8 | 172.1
S5 150.6 | 120.4 | 346.2 | 294.8 | 140.4 | 284.8 | 735.4 | 558.2 | 1014.8 | 1028.4 | 899.4 | 984.6 | 108.7 | 107.7 | 244.3 | 314.6 | 262.2 | 248.9
S6 200.0 | 134.6 | 457.6 | 209.7 | 216.2 | 141.5 | 816.9 | 614.3 | 1009.6 | 9429 | 863.5 | 859 | 94.3 | 81.2 | 199.6 | 306.4 | 187.6 | 159.2
S7 155.4 | 140.6 | 582.6 | 222.3 | 366 | 1419 | 660.3 | 715.3 | 854 855.5 | 745.5 | 910.3 | 105.3 | 63.7 | 161.6 | 159.8 | 98.7 | 138.2
S8 166.2 | 130.3 | 519.7 | 555.1 | 226.4 | 310.9 | 680.8 | 482.9 | 941.6 | 1050.5 | 996.3 | 1002.7 | 100.5 | 88.5 | 108.9 | 399 | 129.3 | 107.8
S9 179.7 | 168.9 | 358 |399.5|226.9 | 221.8 | 708.9 | 407.4 | 1075.9 | 882.2 | 970.6 | 1013.1| 87 | 74.4 | 244.1 | 407.3 | 132.7 | 319.1
S10 | 173.1|178.5|566.9 | 260.1 | 477.3 | 395 | 738.1 | 537.6 | 757.7 | 1014 | 849.5 | 535.4 | 88.6 | 76.4 | 203.9 | 199.5 | 240.8 | 264.7
Mean | 168.4 | 158.2 | 480.2 | 302.3 | 268.8 | 239.8 | 700 | 606.2 | 936.6 | 975.9 | 861.7 | 865.9 | 99.5 | 79.8 | 247.6 | 314.9 | 175.5 | 231.6

S: Sample; C: Control group before thermal cycle; CT: Control after thermal cycle; V: Variolink cement; N: Nexus cement
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Table 3. The difference of flexural strength between materials according to the cements

o .
Difference of mean P value 213 Ul 16 e [0

Lower limit Upper limit

Control Variolink Group B -311.79000° d -395.1812 -228.3988
Variolink Group C -100.48000° 020 -183.8712 -17.0888

B — Control 311.79000° 000 228.3988 395.1812
Variolink Group C 211.31000° 000 127.9188 294.7012
Control Nexus Group B -133.89000° 001 -207.8151 -59.9649

Ema Nexus Group C -71.42000 058 -145.3451 2.5051

Nexus Group B Control 133.89000 001 59.9649 207.8151
Nexus Group C 62.47000 .094 -11.4551 136.3951

Variolink Group B -321.92000° 000 -406.1601 -237.6799
e = I ok Group C -110.61000° 012 -194.8501 -26.3699
Nexus Group B -144.02000° .001 -218.9014 -69.1386
S E L e s Group C -81.55000" 034 -156.4314 -6.6686
Control Multilink Group B 236.54000° 000 -313.5809 -159.4991
Multilink Group C -161.68000 000 -238.7209 -84.6391

T Control 236.54000° 000 159.4991 313.5809
Multilink Group C 74.86000 056 -2.1809 151.9009

Control Nexus Group B 27585000 000 -377.7059 -173.9941
Zirconia Nexus Group C -165.84000* .002 -267.6959 -63.9841
Nexus Group B Control 275.85000° 000 173.9941 377.7059
Nexus Group C 110.01000 035 8.1541 211.8659

Multilink Group B -330.37000° 000 -421.7789 -238.9611

e 1. link Group C -255.51000° 000 -346.9189 -164.1011
Nexus Group B -369.68000" 000 -482.7945 -256.5655

o GiEr e GECICAT | r———— -259.67000" 000 -372.7845 -146.5555
Control Variolink Group B -148.13000° 000 -208.2132 -88.0468
Variolink Group C -76.07000° 015 -136.1532 -15.9868

S —— Control 148.13000° 000 88.0468 208.2132
Variolink Group C 72.06000" .021 11.9768 132.1432

Control Nexus Group B 21546000 000 -289.9173 -141.0027
Gradia Nexus Group C 132.11000 001 -206.5673 -57.6527
S— Control 215.46000 000 141.0027 289.9173
Nexus Group C 83.35000° 030 8.8927 157.8073

Variolink Group B -167.83000° 000 -228.0255 -107.6345
e = ok Group C -95.77000° 003 -155.9655 -35.5745
Nexus Group B -235.16000° .000 -309.7080 -160.6120
Cen @itz amE o E) r—— -151.81000° 000 -226.3580 -77.2620

Table 4. The difference between flexural strength of the three materials among all groups

95% Confidence Interval

Difference of mean P value —— ) —
Lowe limit Upper limit
o Zirconia -531.66000° .000 -565.6306 -497.6894
o — Gradia 68.89000 .000 34.9194 102.8606
- E-max 531.66000° .000 497.6894 565.6306
Group A Al Gradia 600.55000" 000 566.5794 634.5206
. Zirconia -447.96000° .000 -509.0345 -386.8855
Control group after Gradia 78.46000" .014 17.3855 139.5345
thermal Group A Jirconia E-max 447.96000° .000 386.8855 509.0345
Gradia 526.42000° .000 465.3455 587.4945
. Zirconia -456.4100 .000 -564.41610 -348.403898
:{,T;::'I'I:';/ Sk Gradia 232.55000 000 124.543898 340.556102
. E-max 456.41000 .000 348.403898 564.416102
Group B ) Gradia 688.96000 .000 580.953898 796.966102
. Zirconia -592.8600 .000 -696.50465 -489.215343
X/TJ::I;.:II((/ i Gradia 93.30000 084 -10.344657 196.944657
- E-max 592.860000 .000 489.215343 696.504657
Group C AEIE) Gradia 686.160000 .000 582.515343 789.804657
o Zirconia -673.6200 .000 780.66878 566571217
Nexus Gradia -12.68000 954 -119.72878 94.368783
Group B Jconia E-max 673.62000 .000 566.571217 780.668783
Gradia 660.94000 .000 553.891217 767.988783
Eax Zirconia -626.0800 .000 760.54135 -491.618650
Nexus Gradia 8.20000 987 -126.26135 142.661350
Group C Jirconia E-max 626.08000 .000 491.618650 760.541350
Gradia 634.28000 .000 499.818650 768.741350
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4. DISCUSSION

This study includes an examination of three esthetic
materials, which are considered the most popular esthetic
materials used in the field of dentistry. The materials include
Lithium disilicate, Indirect Resin Composite and Zirconia.
Aging process was applied on the materials using thermal
cycle machine (10,000 cycles), this is equivalent to one
year of clinical service of composite (25). The current study
determined the difference of flexural strength between the
materials (Zirconia, E-max and Gradia). According to the
results shown in Table 3 there was a statistically significance
difference between all the variables. However, there was
no significant difference between E-max Nexus group B
(after cementation, before thermal cycle) and E-max Nexus
group C (cementation with thermal cycle) (P=0.094). The
reason for this could be that the Nexus cement was better
at maintaining the strength of the material even after
thermal cycling. According to Lambade et al (26) Nexus
NX3 had the highest value of shear bond strength and
Variolink Il had the lowest. Moreover, the results showed a
significant difference between E-max control group (before
cementation and thermal cycle) and Variolink Group B (after
cementation, before thermal cycle), a difference between
control group and Variolink Group C (after thermal cycle)
and the difference between Groups B and C (P<0.050)
mean difference (-311.79000; — 100.48000; 211.31000%).
Group B (after cementation before thermal cycle) showed
the highest mean values when compared to group A and C.
However, this study determined the effect of thermal cycle
on the flexural strength of each material. According to the
study results, there was no statistically significant difference
between control group A before thermal cycle and control
group A after thermal cycle in all materials (P<0.05). Porto et
al (27) evaluated the effect of thermal cycling process on four
ceramic materials and unlike the current study they found
that thermal cycle had a significant impact on the toughness
of all materials. In addition, according to Shafter et al (28)
also found that thermocycling has an impact on the flexural
strength of different materials, however, their study found
no significant difference between the impact of thermal
cycle and water soaking. Moresi et al (29) similarly found
that flexural strength significantly decreased after thermal
cycling protocols in all composites materials tested. In the
current study it was also demonstrated that in most samples
there is a difference between control and cemented discs
(groups B and C) (Table 3). This indicates that factors such
as the material, type of cement and heat exposure all have
an impact on the aging and the flexural strength of teeth.
Li et al (30) compared the differences in flexural strength
and compressive strength between different resin-modified
luting glass cements that are commonly used in clinics.
According to their study, all cements had an impact on the
flexural strength on the ceramic, chemical cure cements had
a superior flexural strength. Moreover, Fracncescantonio et al
(31) evaluated the effects of curing mode and viscosity on the
biaxial flexural strength (FS) and modulus (FM) of dual resin
cements. Their study found that the use of different cements

with different viscosities has an impact on the biomechanical
behaviour of luting materials. Besides, insignificance
difference between the groups that was revealed in current
study was more apparent in group B. This again indicates that
not exposing the teeth to heat will lengthen its age. Prakki
et al (32) found that the non-cemented groups had a lower
fracture loads compared to the cemented groups. On the
other hand, Scherrer et al (33) found that treating ceramics
with resin cements smoothed its sharpness and roughness
which makes it more prone to fracture.

In addition, the current study results also detected a
significant difference between the materials in nearly all
variable in groups A, B and C (Table 4). Therefore, the null
hypothesis has been rejected. It was clearly shown in the
results presented in Table 4 that Zirconia has a better
flexural strength in all the groups followed by E-max and
then Gradia. Jihad et al (34) similarly found that Zirconia
materials showed superior biaxial flexural strength values
than the lithium disilicate glass ceramics. According to Piconi
and Maccauro (35) Zirconia is strongly dependent on its
grain size, thus, it cannot be easily transformed. Johansson
et al (36) also found higher strength for the zirconia crowns
compared to lithium disilicate crowns when undergone the
thermal cycle machine. In relation to Gradia, there is lack of
studies on the flexural strength difference between Gradia
(indirect composite) and Zirconia. Most studies assessed
the difference between indirect and direct composite. For
instance, Borba et al (37) evaluated the flexural strength
and hardness of direct and indirect composites. According
to their study results direct composite showed higher mean
value than the indirect composites. Similarly, Cesar et al (38)
found that the flexural strength of direct composite (2100)
was much higher than indirect composite materials (Artglass,
Belleglass, Sculpture and Targis). Nevertheless, the current
study found insignificance difference was between E-max and
Gradia (Variolink group C), E-max and Zirconia (Nexus group
B) and E-max and Gradia (Nexus group C) with (P>0.05). This
may be due that fact that Nexus NX3 has a higher value of
shear bond strength than Variolink as mentioned earlier (25).
Thus, the Nexus balanced between E-max and Gradia, whilst
Zirconia remained with the highest strength.

5. CONCLUSION

Within the limitations of this study the following conclusions
may be drawn:

i) There is a difference between flexural strength of the three
materials, Zirconia has a better flexural strength when
compared to E-max and Gradia.

ii) Different types of cement could have an impact on the
flexural strength of ceramic materials.
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