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AND SHEAR BOND STRENGTH TO VENEERING MATERIAL
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ABSTRACT

Aim of the study: is to investigate effect of re-pressing of Lithium disilicate ceramic with
different weight percentages on colour, translucency and bond strength with veneering material.

Materials & Methods: Thirty discs were constructed and divided according to the weight
percentage of newly pressed and repressed ceramic. Group 1 samples were 100% new ceramics.
Group 2 discs were 75% new and 25% repressed ceramic. Group 3 samples were 50% new and
50% repressed ceramic. Group 4 samples were 25% new and 75% repressed ceramic. Group 5
discs were 100% repressed ones. One sample from each group was randomly selected for SEM test.
The remaining discs in each group (5 samples) were used to test colour and translucency, then these
samples were veneered with porcelain and subjected to shear bond strength test.

Results: The results showed that AE of the tested groups were in the clinical accepted range
except the 100% re-pressed group. Also, the results showed that there was no significant difference
between all tested groups as related to translucency. As regard bond strength, there was no significant
difference between 100% new group and the 75% new + 25% re-pressed group. Also, no significant
difference was recorded between the 75% new + 25% re-pressed group and the 50% new + 50%
re-pressed group. On the other hand, there was a significant difference between the 100% new
group and the 50% new + 50% re-pressed group which was also different than the 25% new + 75%
re-pressed group. Finally, there was a significant difference between the 100% re-pressed group and
the 25% new + 75% re-pressed group.

Conclusions: The mix of new ingot with repressed ceramic are in the clinical acceptance range
as regard AE. The 100 % re-pressing ceramic can affect the final colour. Ceramic repressing has no
significant effect on translucency. Weight percent of repressed ceramic has a direct effect upon bond
strength to veneering material as increasing the percentage of repressed ceramic led to a decrease
of bond strength values.
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INTRODUCTION

Absence of metallic substructure in all ceramic
restorations rendered them to have high translucency
and excellent esthetics.!’ This is combined with
reliability and long term success. Accordingly, their
high demand led to a notable development and
evolution of all-ceramic materials and processing
techniques.®?

Nowadays, the simplicity of heat pressing tech-
nique makes it a very common. It has the advantage
of producing ceramic restorations with better crys-
talline dispersion and less porosities within the glass
matrix as well as better marginal adaptation com-
pared to other techniques.“” Pressable ceramics are
presented in the form of ingots to be pressed under
pressure into a mold using an alumina plunger in a
pneumatic press furnace. ¥

IPS Empress was the first heat-pressed glass
ceramic and leucite (SiO,, Al,O3, 4K,0) is the
main crystalline phase in this system.“%? IPS
e.max Press material replaced IPS Empress 2 due
to its improved mechanical properties and higher
translucency (Ivoclar Vivadent, IPS e.max Press
Scientific Documentation, 2011). Its microstructure
consists of 70% lithium disilicate crystals embedded
in a glassy matrix. IPS e.max Press is supplied in 4
different opacities and/or translucencies in 2 sizes:
a small ingot that weighs 3.2 gm and a larger ingot
that weighs 6.1gm."” Selection is done according
to the requirements of each clinical case. It is more
cost effective to press more than one restoration
from the same ingot at the same time instead of
discarding the remaining sprue and button portions.
M Usually, this is not possible resulting in a large
amount of leftover material. That’s why the idea of
reusing leftover material by repressing was raised
and supported by many researchers.®!!'2 Concerns
about mechanical properties of the re-used material
for clinical use were presented. Few studies were
carried by researchers to investigate the mechanical
and microstructural properties of repressed ceramics
evaluating the biaxial flexural strength.®412
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As the remaining ceramic may not be sufficient
for pressing a new restoration and may need to be
mixed with anew ingot material. Salem and Shalaby
(2019)9, carried out a research to investigate the
effect of repressing IPS e.max Press with different
weight percentages on the marginal gap and fracture
strength of ceramic crowns. They found an effect of
different weight percentages of repressed ceramics
on marginal gap as well as fracture strength
although all tested groups were clinically accepted.
They recorded that different weight percentages of
repressed ceramics affected the marginal gap and
had a significant effect when it exceeded 50%. They
also concluded that homogeneity of the ceramic
structure had a positive effect on fracture strength, as
the least fracture strength was recorded for the 50%
new + 50% repressed ceramic group and it increased
significantly as this relation increased towards either
the new ingot ceramics or the repressed ceramic.
Since there are few data about repressing and only
one research about mixing new ceramic ingot with
repressed ceramic that examined only marginal
gap and fracture strength, it may be mandatory to
examine optical properties of repressed ceramics
and their mixing in weight percentages with new
ceramic material.

Natural teeth or ceramic restorations colour
depends on their capacity to modify the colour of
incident light. Natural teeth colour results from
the combination of light reflected from the enamel
surface, and light scattered and reflected by the
enamel and dentin."? Surface texture, curvature
and gloss of an esthetic restoration can modify its
colour. These factors may play an important role in
modifying the light striking the restoration surface
and play an effective role in the appearance of the
final restoration’”. Colour change AE values are
determined for three parameters : AL* which is the
change in lightness or darkness, Aa* which is the
change in the hue along the red/green scale , Ab*
which is the change in the hue along the yellow/
blue scale. Several investigators drew the attention



EFFECT OF RE-PRESSING OF LITHIUM DISILICATE CERAMIC WITH DIFFERENT

that differences in AE values below 3.7 units as
matching in the oral environment.'®!”

Teeth are characterized by a variety range of
translucency, which can be defined as the slope be-
tween transparent and opaque. Increasing translu-
cency of dental ceramics, allows light to go by the
surface and is scattered within the body of ceramic.
It is well established that increasing ceramics trans-
lucency lowers its value because less light returns to
the eye, or in other words can affect esthetics due to
change of its value.!®

Although lithium disilicate can be used without

veneering material but sometimes veneering
is needed. Cores and veneering materials are
different in their modulus of elasticity, coefficient
of thermal expansion (CTE) and behaviour."”
Researchers reported the formation of strong bonds
between cores and veneering material with similar
composition due to chemical bond. This draws the
attention that any change in microstructure that may
occur due to repressing or mixing new ceramic with

repressed may affect this bond.?”

The aim of this study is to investigate the effect
of repressing IPS e.max Press with different weight
percentages on colour, translucency as well as bond
strength to veneering material. The hypothesis is
that ceramic repressing will affect the three tested
parameters. Also, that different percentages of re-
pressed ceramics will have different effect on these
three parameters.

MATERIALS AND METHODS

Factorial Design

Thirty discs (10 mm in diameter and 1.5 mm
in thickness) were constructed. These discs were
divided into 5 groups according to the weight
percentage of newly pressed & re-pressed ceramic.
Group 1: samples were 100% new ceramics. Group
2: samples were 75% new and 25% repressed
ceramic. Group 3: samples were 50% new and 50%
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repressed ceramic. Group 4: samples were 25%
new and 75% repressed ceramic. Group 5: samples
were 100% repressed ones. One sample from each
group was randomly selected for SEM test to study
the microstructure of these samples. The remaining
discs in each group (5 samples) were used to test
colour change and translucency, then these samples
were veneered with veneering porcelain and
subjected to shear bond strength test.

Samples Construction

A split copper mold with Teflon ring was
manufactured for this study using an industrial lathe
machine. The mold was used to standardize the
dimensions of the discs and the overlying porcelain.
The mold has 2 different diameters 10mm, and
8mm. The 10mm diameter section had 1.5 thickness,
while the 8 mm diameter part is 2 mm in height.

Samples construction for colour and translucen-
cy tests

The Teflon ring was placed to secure the 2 pieces
of the first split copper mold. The IPS e.max Press
discs shade A3 MT (Ivoclar Vivadent, Schaan,
Lichtenstein) were produced using lost-wax and
heat-pressing techniques. Blue inlay wax was
dipped inside the lower part of the copper mold till it
is completely filled. The wax was left for 2 minutes
to cool. Then the Teflon ring was removed, and the
2 parts were separated for removal of the wax disc.
This procedure was repeated 29 times to have 30
wax discs. Sprues formers of the same diameter were
attached to these discs. The sprued patterns were
weighted using a professional digital table scale
(Shenzhen Wei Uxing Trading Co,Ltd.). A special
type of phosphate bonded investment IPS PressVest
Premium (Ivoclar Vivadent, Schaan, Lichtenstein)
was vacuum mixed. The ring containing the sprued
wax patterns was filled with the mixed investment
on a vibrator. Each ring contains 6 sprued patterns
for construction of the samples of each subgroup.
The invested ring was gradually preheated for 60
minutes in the burn-out furnace. The heated ring
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was positioned immediately in the pressing furnace
(Programat EP3010, Ivoclar Vivadent, Schaan,
Lichtenstein). Ceramic ingots were plasticized
at 920°C and pressed in its softened state into the
hollow place in the investment ring by means of a
plunger. After pressing, the pressed discs and sprues
were weighed to calculate the needed weight of
ceramic needed for fabrication of the samples. The
sprues were cut . The ceramic that will be repressed
was ground to fit in the opening at the top surface of
the investment mold. Ceramic material was placed
in each pressing cycle according to the desired
Wt.%.1% All samples were finished using finishing
kit (Eve Diapol, Eve Ernst Vetter GmbH Rastatter
Str. Pforzheim). One side was polished using the
same finishing kit. A glaze layer (IPS Ivocolor glaze
(Ivoclar 5 Vivadent, Schaan, Lichtenstein) was
painted on the other side of the discs. Then the discs
were placed in the porcelain furnace. (Programat
P300, Ivoclar Vivadent, Schaan, Lichtenstein), and
glazing cycle at 735°C was run.

The colour of the discs was measured under
black background to detect the AE and their
translucency was measured under white and
black background to detect CR (Contrast ratio)
using the spectrophotometer (Cary 5000, Agilent
Technologies, USA).

Samples construction for shear bond strength test

After both colour and translucency tests, the
discs were placed in the lower part of the mold
with the unglazed surface on top. Through the hole
in the upper part of the mold, veneering dental
porcelain IPS e.max Ceram (Ivoclar Vivadent,
Schaan, Lichtenstein) with matched coefficient of
thermal expansion is added and condensed. The
hole in the upper part of the mold has dimension of
8 mm thickness, and 2 mm height. The discs with
the overlying porcelain were placed in the porcelain
furnace (Programat P300, Ivoclar Vivadent, Schaan,
Lichtenstein). for firing of the veneering material
according to the manufacturer’s instructions. At
the end a glazing cycle was performed. Figure (1)
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shows the finished sample. The discs were imbedded
in a container containing chemically set acrylic till
complete set. The level of the acrylic was adjusted to
allow that part of the IPS e.max Press discs and the
whole porcelain thickness still above the set acrylic
mold. The embedded discs were then attached to the
universal testing machine (Instron Universal testing
machine model 3345, England) for the shear bond
strength test. A knife edge was adjusted as close as
possible to the junction between the ceramic and the
porcelain veneer. A cross-head speed of 0.5 mm/min
was utilized and the maximum load was recorded
for each specimen. The nominal shear bond strength
was calculated by P/A, where P is the load at which
fracture occurred and A is the surface area of the
bonding area between the ceramic discs and the
porcelain as shown in figure (2)

Microstructure using SEM

One sample from each group was randomly
selected for SEM test to study the microstructure
of these samples. Samples were first cleaned then
subjected to 9.8% hydrofluoric acid for 90 seconds,
then cleaned in an ultrasonic cleaner, steamed,
dried and finally sputter coated with gold. Scanning
was performed using SEM (Quanta 250 FEG,
Oregon, USA) to examine the microstructure and
assess grains of these samples at a magnification of
50000X.

e 2

Fig (1): The sample for shear bond strength test
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Fig (2): Shear bond strength test

Statistical Tests

The data from all the tests were collected,
tabulated and statistically analyzed using one-way
analysis of variance ANOVA followed by a Tukey’s
HSD test at a significance level of p < 0.05.

RESULTS

Colour Test:

Results of colour change test (AE) are represented
in table 1 and figure (3). The results showed that the
75% new + 25% repressed group recorded the least
AE compared to 100 % new group (1.1). The 100%
repressed group showed the highest AE compared to
100 % new group (3.9). There was a non significant
difference between the 75% new + 25% re-pressed
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group and the 50% new + 50% re-pressed group,
also no significant difference was found between
the 25% new + 75% re-pressed group and the
100% re-pressed group. On the other hand, there
was a significant difference between both groups
the 75% new + 25% re-pressed group and the 50%
new + 50% re-pressed group from one side and both
groups 25% new + 75% re-pressed and the 100%
re-pressed from the other side.

All AE of the tested group were in the clinical
accepted range except the 100% re-pressed group.

Translucency test :

Results of contrast ratio (CR) recorded are
represented in table 2 and figure (4). The results
showed that the 100% new group recorded the
lowest CR (0.5796). While the 100% re-pressed
group showed the highest CR (0.5924). There was
no significant difference between all tested groups
as related to translucency

~ N

AE to 100% New Material

7.4

3.9

33

1.8
8 '
' y

75 % New+25% 50 % New+50% 25 % New+75% 0 % New+100%
Re-pressed Re-pressed Re-pressed Re-pressed

3.7

Fig (3): Comparison between AE between the tested groups and
the 100% new ingot

TABLE (1) AE between the tested groups and the 100% new ingot

G 75 % New+25% 50 % New+50% 25 9% New+75% 0 % New+100%
roups
P Re-pressed Re-pressed Re-pressed Re-pressed
AE (Mean) 1.12 1.82 3.3 390
S.D. 04 0.6 0.6 0.8

*Different letters denote significant difference
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Shear bond strength test:

Results of shear bond strength test recorded in
MPa are represented in table 3 and figure (5). The
results showed that the 100% new group recorded
the highest shear bond strength (29.433 MPa).
While the 100% repressed group showed the least
shear bond strength (14.058 MPa). There was no
significant difference between 100% new group
and the 75% new + 25% repressed group. Also,
no significant difference was recorded between the
75% new + 25% repressed group and the 50% new
+ 50% repressed group. On the other hand, there
was a significant difference between the 100% new

TABLE (2) Translucency of the tested groups
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group and the 50% new + 50% repressed group
which was also different than the 25% new + 75%
repressed group. Finally, there was a significant
difference between the 100% repressed group and
the 25% new + 75% repressed group.

Scanning Electron Microscope test:

Microstructure of the tested groups are shown
in figures (6-8). These pictures showed a change in
the crystals shape and size. As elongations of the
crystals were shown in groups of repressed ceramics.
Percentage of elongated crystals was consistent with
the weight percentage of the repressed ceramics.

Groups 100 % new 75(7;’;;;2;(?5% 500/:61;?;;30% 25%;?22;(?5% 100% repressed
Means 0.5796* 0.5846° 0.5882* 0.5897¢ 0.5924*
SD. 0.0007 0.0009 0.0009 0.0008 0.0011
*Different letters denote significant difference
TABLE (3) Shear bond strength of the tested groups (MPa)
Groups 100 % new 75(7:;?:;;:;5% Soqjegigs;g()% 25(7?;;;;;(;5% 100% repressed
Means 29433 27.134+* 24.493° 19.712¢ 14.058¢
S.D. 3.172 2.666 4.106 2.632 2.98
*Different letters denote significant difference
s s N

Translucency

0.594

0.592

0.59

0.588
0.586
0.584
0.582

0.58
0.578
0.576
0.574
0.572

Bond Strength (Mpa)

30

25

20

15

10

100 % new  75%new + 50%new+  25%new + 100%
25% 50% 75% repressed

repressed repressed repressed

100 % new 75% new + 50% new + 25% new + 100%
25% 50% 75% repressed

repressed repressed repressed

=

Fig. (4): Comparison between translucency of the tested groups

Fig. (5): Comparison between bond strength of the tested groups
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Fig. (6): SEM of 100% new ceramics

Fig. (8): SEM of 100% repressed ceramics

DISCUSSION

In this study IPS e.max Ceram (Ivoclar Vivadent,
Schaan, Lichtenstein) was used as recommended by
the manufacturer for veneering of IPS e.max lithium
disilicate substructures. Ceramic cores and veneering
ceramics with compatible CTE are recommended
to generate compressive stresses in the weaker
veneering ceramics, to reinforce the overall strength
of the restorations.?"” IPS e.max Ceram is a low-
fusing nano-fluorapatite glass-ceramic that uses an
optimized combination of low CTE as well as low
firing temperature. These properties rendering it able
be applied to all IPS e.max frameworks. To ensure
accuracy firing of the veneering ceramic was done
in Ivoclar Vivadent furnaces (tolerance range +/-
10°C/18°F) as recommended by the manufacturer
as the parameters stated in the instructions for use
are coordinated with them and if any other furnaces
were used, temperature adjustments might be
necessary.

The amount of absorbed, reflected and transmit-
ted light, as well as ceramic type, crystalline vol-
ume and particle size compared to the incident wave
length affect to great extent colour parameters L*,
a*, b*, colour saturation and translucency.!422-2
These factors influence light diffusion and scatter-
ing. Wavelength of visible light is 0.4 to 0.7um. Ce-
ramic materials contain particles of different sizes;
larger and smaller than this wavelength. Refraction
and reflection occur infinitely on the surfaces of
particles that are larger than the wavelength of light
thereby causing light to diffuse.®2%

Translucency is the ability of a layer of coloured
substance to allow the appearance of an underly-
ing background to show through.®” Translucency
parameter (TP) or contrast ratio (CR) determine
the degree of translucency.?’* TP represents the
colour difference between a uniform thickness of
a material over a white and a black backing. This
is related directly to common visual translucency
assessment.?”” CR is the ratio of the reflectance of
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a material over a black backing to that over a white
backing of a known reflectance. It represents opac-
ity estimation of a 1 mm thick specimen.®® Trans-
lucency of a substance is a function of wavelength.
G Translucency of a ceramic increases as the size
of particles decreases, irregularities in the distri-
bution of the phases, and optical anisotropy of the
grains.(25,26,31,32)

In the current study the 100% repressed group
showed AE 3.9 which comes in contrary to Zaghloul
et al (2013)®Y, who reported AE of repressed
samples < 3.7 and considered them matching in
the oral cavity. Although, they recorded significant
differences in L*, a*, b* and colour saturation C*a
b due to repressing resulting in more yellowish and
colourful IPS e.max Press samples. They attributed
the colour change to repeated firing and to metal
oxides instability during firing affecting the final
colour.+3)

Also, translucency results showed no significant
difference between all the tested groups. This
comes in accordance with Albakry et al (2004)®
and Chung et al (2009)'?, Zaghloul et al (2013%>
and El-Etreby (2017)¢7. Although there was
minimal and insignificant increase in opacity with
the increase in percentage of repressed ceramic.
This can be attributed to the increase in crystals size
due to repressing that may be related to multiple
nucleation sites.1?

Albakry et al (2004),%® as well as El-Etreby &
Ghanem (2017),°? recorded significant growth of
lithium disilicate crystals due to repressing. Tang
et al (2014)" recorded changes in microstructure
of repressed lithium disilicate dental ceramic
compared to single press. These changes were
in the form of decreased density and increased
porosity. Also decreased strength, hardness and
toughness Accordingly, they found repeated heat
pressing of ceramic unfavourable for -clinical
cases. The detrimental effect of porosity as denoted
by Jones & Wilson (1975)“? and Cheung and
Darvel (2002),*" and is due to acting as a stress
concentrator and decreasing the cross-sectional area
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subjected to the applied force. Also, porosity affects
the optical properties of the material by scattering
light and decreasing translucency. Porosity control
is considered as a fundamental consideration in
designing or processing of dental ceramics.“"

International Standard of Organization (ISO)
standardized the bond strength measurement of a
metal ceramic system through the Schiwickerath
crack initiation test. The mean debonding strength
has to be greater than 25 MPa. But due to the all
ceramic multi-layered systems brittleness, this test
cannot be applied.® *» Till now, there is neither
a standardized test nor minimum bond strength
requirement for an all-ceramic system.“? According
to some authors, SBS values of 10 MPa is considered
the minimal value for clinical flaw to occur between
metal and ceramic.“** Therefore, SBS values
more than 10 MPa indicate accepted bonding
clinically.#>4

Results of the current study showed a significant
decrease in bond strength between the 100% new
ceramic group and the 100% repressed group. Shear
bond decreased as the percent of repressed ceramic
increases. Although results are clinically accepted,
yet this decrease may be related to the change
in surface microstructure due to repressing as
confirmed by SEM figures (6-8) showing increase
in crystals size. Also mixing new ceramic ingot
with repressed ceramic improved significantly the
bond in comparison to the 100% repressed group
indicating the bond decreases as the weight percent
of repressed ceramic increases.

Ting et al (2012),“® reported that IPS e.max
Press recorded the highest SBS values and were
significantly different from other tested bi-layered
systems even after thermocycling. They attributed
these results to core and veneering ceramic effective
micromechanical interlocking and chemical bond.
They denoted that bond strength can be weakened
as result of residual stresses due to veneer and core
coefficient of thermal expansion mismatch.“”

The results of this study come in agreement with
Gorman et al (2014),“® who reported that IPS
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e.max Press optimum properties are only obtained
with the first pressing.

The hypothesis of the current research was
partially rejected as repressing showed a significant
difference in colour and bond strength while it
showed no significant effect on translucency.
Weight percentage of repressed ceramic had an
effect on AE, decreasing this percentage resulted
in decreasing AE compared to repressed un-mixed
samples while it didn’t show significant effect on
either colour or translucency of the newly pressed
samples. Repressing had a significant effect on bond
strength with the veneering material. Also, mixing
had a significant effect improving bond strength
compared to the purely repressed samples.

CONCLUSIONS
Within the limitations of this study:

1. The mix of new ingot with repressed ceramic are
in the clinical acceptance range as regard AE.

2. 100% repressed ceramic can affect the final
colour.

3. Repressing ceramic have no significant effect
on translucency.

4. Repressing ceramic percent have a direct effect
upon bond strength as increasing the percentage
of repressed ceramic led to a decrease of bond
strength values.
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