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EVALUATION OF GLASS CERAMIC BOND STRENGTH TO
DIFFERENT FOUNDATION MATERIALS
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ABSTRACT

Purpose: To determine the impact of core materials type on Lithium disilicate glass-ceramic
shear bond strength when both are bonded using conventional resin cement.

Materials and Methods: Thirty-Two cylinders of IPS e-max Press were created, and core
specimens including dentin, composite resin, zirconia, and RMGI were made following the
recommendations of the manufacturer. The ceramic cylinders were bonded to core groups using
(Multilink N) conventional resin cement, and all samples underwent artificial aging via water
bath for 150 days and thermocycled for 5000 cycles. A universal machine was used to find the
specimens’ SBS, and a stereomicroscope was used for failure inspection. In addition, the SEM was
utilized for further evaluation.

Results: According to the data, there was a noticeable statistical difference in the mean SBS
values (P<0.05), and the performance of foundation materials. The composite resin groups came
out on top with the highest mean SBS, while the dentin and zirconia groups had the lowest mean
SBS.

Conclusion: When selecting a core material, it is important to remember that the type of
material used can significantly impact SBS. While various options are available, composite resin is
often preferred due to its superior properties and performance.
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INTRODUCTION techniques are available, including CAD-CAM,
pressing methods, and copy-milling. "’ Lithium Di-

Many ceramic systems have been introduced to %" . o ]
silicate Glass Ceramic (LDGC) is incredibly strong.

tackle different clinical situations. These systems It is also known for its chemical endurance and acs-

come in leucite, lithium disilicate, alumina, mag-  thetic appeal, making it a popular choice in restor-

nesia, and zirconia. In addition, various fabrication  ative dentistry.®
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Before crown preparation or fixation, it is essential
to consider any potential sources of damage, such as
caries or trauma. These issues can result in severe
destruction of the tooth, making it challenging
to fix the crown directly. In these situations, it
is necessary to reconstruct any damaged dental
structures before crown fixation to achieve the best
possible outcome. @ Various foundation materials
can be used to restore missing tooth structures due
to trauma, clinical procedures, or decay. Some
options include amalgam, composite resin, glass
ionomer, compomer, and porcelain. Depending on
the specific situation, these materials can be used as
direct or indirect core materials.

The connection between fixed dental prostheses
and core materials is critical for the success
of ceramic restorations in the long run. This is
because it improves marginal adaptation, reduces
microleakage, and prevents secondary caries. In
addition, the strong adhesion between the two
components is essential for maintaining the integrity
of the restoration and ensuring its longevity. ¢

Hence, assessing the bond effectiveness between
the foundation material and prostheses is essential
to minimize any potential complications or risk of
debonding. Furthermore, proper evaluation of this
bond can help ensure the longevity and effectiveness
of the material.” Therefore, this research was done
under the null hypothesis, which stated that the
different foundation materials will not affect the
lithium disilicate shear bond strength.

MATERIALS AND METHODS

Specimens preparation, grouping, and surface
treatment

The sample size was calculated using G*
(version 3.0.10). To detect the difference of 5% with
an effect size of 1.72, a sample size of 8 specimens
was needed in each group. The cylindrical samples
(N=32) of (IPS
e-max Press, Ivoclar Vivadent) with a diameter

lithium disilicate ceramics

Amal Al-Sohbanil, et al.

of 4mm and length of Smm were pressed under
manufacturer instructions. Then, the four groups
of foundation materials (n=8) including composite
resin, zirconia, dentin, and RMGI were prepared
following manufacturer instructions. First, three
core materials (8mm diameter;3mm thickness)
were constructed as follows: In group 1, zirconia
specimens (IPS e.max ZirCAD, Ivoclar Vivadent)
were milled using CAD/CAM technology. In groups
2 and 3, composite resins (Te-Econom Plus, Ivoclar
Vivadent) and Resin-modified glass ionomer (Gc
Fuji IT Lc Capsules, Japan) were prepared using a
particular mold with recommended dimensions.
Next, in group 4, eight extracted permanent human
molars free from caries were carefully cleaned and
polished after extraction for periodontal problems
before being stored in a 1.0% thymol solution. Once
they were ready, the molars were embedded in self-
curing acrylic resin, and each molar’s occlusal
surface was cut off to bare a flat and healthy dentin
surface. This study was permitted and registered
with a number (M31080622) by the Bioethical
Committee of the College of Dentistry, Mansoura
University, Mansoura, Egypt.

After that, a permanent marker was used to mark
one surface of LDGCs and other cores to distinguish
the untreated surface easily. First, LDGCs’ surfaces
were etched using Hydrofluoric acid in 9.5%
(Bisco, USA) for 20 seconds, rinsed for 30 seconds,
and dried for 1 minute. Next, the dentin surfaces
were etched with 37% (N-Etch etching gel, Ivoclar
Vivadent) for 15 seconds, then rinsed the surface
thoroughly with a strong stream of water for more
than 5 seconds. Then, zirconia, composite resin, and
RMGI surfaces were sandblasted using (Renfert
Basic ECO Sandblaster 29492025, Germany)
with 40pgm aluminum oxide for 10 seconds from a
distance of Smm at a 90-degree angle and 0.2MPa
pressure. After rinsing the surface thoroughly,
proceed with ultrasonically cleaning all specimens
using ethyl alcohol 95% and distilled water for the
dentin group.
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Bonding protocol

The ceramic surface was first treated with
Universal ceramic primer (Monobond N, Ivoclar
Vivadent) for 1 minute, then dried for another minute.
The dentin surfaces were then rinsed carefully and
dried with an oil-water-free air syringe. Afterward,
they were coated and scrubbed using (Tetric N-bond
universal, Ivoclar Vivadent) for at least 20 seconds.
The surfaces were then dispersed with compressed
air and cured for 10 seconds.

All specimens were deemed ready for bonding
after the necessary surface treatment, cleaning,
and drying procedures were completed. LDGC
cylinders(N=32) were divided into four groups,
each consisting of 8 specimens, based on the type
of core materials that would be used. The bonding
of ceramic cylinders to already prepared foundation
materials was carried out in accordance with the
Multilink N
cement was auto-mixed and applied to the ready

manufacturer’s instructions. resin
ceramic intaglio. Next, a loading device was utilized

to bond the ceramic cylinder to the foundation
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specimen. Then, a (UniXS, Heraeus Kulzer,
Wehrheim, Germany) device was applied to light-
cure the bonded assembly from different sides for
40 seconds. Afterward, the specimens stayed under
a 2 kg load for 5 minutes. The bonded specimens
were illustrated in (Fig.1).

Artificial aging, shear bond strength test, and
failure analysis

After five months of being stored in water,
the samples underwent thermal cycling using
the (Thermalcycler TC21, Robota, Egypt). The
thermocycler device was cycled between 5-55°C
for 5000 cycles, with a 40-second transfer and
dwell time. After that, all samples were overloaded
on the universal machine, using a compressive
weight until separation appeared. The force at
which failure occurred was documented, and the
shear strength was determined for each sample.
Next, a failure examination was conducted using
a stereomicroscope at x20 amplification. Some
examples were prepared for further analysis of the
bonded interface using SEM (JEOL.JSM.6510LV,
Japan, Faculty of Agriculture, Mansoura University).

Fig. (1) The bonded ceramics to different core materials. A) Bonded ceramic to Zirconia. B) Bonded ceramic to RMGI. C)Bonded
ceramic to composite resin. D) Bonded ceramic to flat dentin
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Statistical analysis

The non-parametric test of normality (Kol-
mogorov-Smirnov Test) was performed. This test
retained the normality hypothesis of shear bond
strength relative to the groups and core. Thus, the
parametric statistical tests become valid for groups
and core. The statistical analysis for mean SBS was
conducted using the IBM SPSS version 25.0 statis-
tical software package. One-Way ANOVA was em-
ployed to analyze the data to determine any signifi-
cance. The Post Hoc Tukey test was then utilized
for comparing the mean values between groups that
exhibited statistical significance at (p < 0.05).

RESULTS

Based on the analyzed data, the composite resin
group had the superior SBS, with a mean value of
10.89 £ 0.79. The next highest SBS was recorded
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in the RMGI group, with a mean value of 08.67 +
1.65. The zirconia group had a significantly lower
SBS, with a mean value of 04.23 + 1.75, and the
dentin group had the lowest SBS, with a mean value
of 03.48 + 1.86. The One-Way analysis confirmed
a statistically evident between the tested foundation
materials with a p-value of 0.000. After conducting
the Post Hoc Tukey test on different core materials,
it was found that there was a statistically apparent
in the SBS between most foundation groups with a
p-value of 0.000. Nevertheless, there was no statisti-
cally stable between RMGI and composite resin with
a p-value of 0.055, nor between zirconia and dentin,
with a p-value of 0.779. (Table 1) and (Fig. 2)

It was found that when examining the separated
samples at x20 using the stereomicroscope, different
patterns of failure were noticed and recorded in
(Table 1) and (Fig. 3).

TABLE (1) Tukey’s Post Hoc test and failure pattern of core materials.

p-values of Tukey’s Post Hoc test Descriptive Failure Mode
Core zZ CR RMGI D N Mean + SD AF MF CF
zZ — 0.000" 0.000" 0.779 8 0423 +£1.75 6 2 0
CR — 0.055 0.000" 8 10.89 £ 0.79 1 2 5
RMGI — 0.000" 8 08.67 £ 1.65 4 3 1
D — 8 03.48 +1.86 5 2 1

* Mean difference is significant at 0.05 level;

N: Sample size;

Z: Zirconia, CR: Composite Resin, RMGI: Resin-Modified Glass lonomer, D: Dentin; AF: Adhesive Failure, MF : Mixed

Failure, CF: Cohesive Failure.
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Fig. (2) Mean and standard deviation of shear bond strength
of core materials. Z: Zirconia, CR: Composite Resin,
RMGI: Resin-Modified Glass Ionomer, D: Dentin.

(3) Failure mode in groups. Z: Zirconia, CR: Composite
Resin, RMGI: Resin-Modified Glass Ionomer, D:
Dentin.

Fig.
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Fig. (4) SEM micrographs at x2000 showing the core/ceramic/resin interface characterization. (LD = Lithium disilicate glass-

WD21mm  SSa2

ceramic, CR = composite resin, D = Dentin, Z = zirconia, G = RMGI, 1 = odontoblastic process, 2 = opened dentinal

tubules, 3 = resin cement).

Upon examination, the SEM observations of
the core surfaces at x2000 show a mixture of the
ceramic/core interfaces, with the remaining resin
still detectable. Additionally,
irregularities were noticeable among all treated
surfaces, whether by etching or sandblasting. The
SEM analysis for dentin surfaces displayed large

cement surface

opened dentinal tubules, contiguous with some
odontoblastic processes. (Fig. 4)

DISCUSSION

Ensuring a durable bond between the core and
the restoration is essential for restorative procedures.
The ideal core materials should have good strength,
durable bonding, dentin-like properties, and
biocompatibility. The foundation materials in the

current research were reported in many literatures.
(3.8-10)

Based on the result of this research and analysis,
it has been determined that the null hypothesis
is invalid. This means that the bond strength of
LDGC has been affected by the various types of
core materials used. This finding is in agreement
with previous researches, as it has significant

implications for dentistry, and emphasizes the
importance of selecting core materials that meet
the patient’s functional and aesthetic needs while
maintaining the bond strength of the ceramic.®!!12

The oral environment can impact ceramic
restorations, as it can lead to material failure. In
this study, water storage and thermocycling were
used to test the bond degradation with adhesive
resin cement to simulate this effect. It was found
that the resin cement exhibited bond deterioration
similar to clinical aging, particularly if stored in
water for 90 days. ¥ In this study, artificial aging
was achieved through water storage for five months
and thermocycling 5000 cycles.

The distinction at adhesion interfaces related to
the coefficient of thermal expansion (CTE) should
be considered, particularly after artificial aging.
This can increase the undesirable effect of water
storage and impact the bond effectiveness of used
resin cement. The poorly matched CTE between
materials can elevate the stress intensity and resin
deprivation. However, an identical CTE, mechanical
characterization, and water uptaking capability at
the core/resin boundary can result in nearly similar
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reactions to thermal stress. This may explain why
the extreme SBS was the composite resin group and
the minimal was the dentin group. ¥ Moreover,
according to Bozogullari et al. 2009, resin-based
core materials have been found to have superior
SBS compared to ceramic foundation materials.
This is consistent also with the studies conducted by
Hewlett et al.2010 ® and Al-Manei et al. 20209,
which also displayed that the composite group had
the greatest SBS.

On the other hand, in the present study, the
dentin group had the lowest SBS, while Al-Manei
et al. 2020"9 reported the dentin group as the
second highest group next to the composite resin
group. Additionally, they also described the RMGI
group next to the dentin which is different from the
finding of the current study. Shipla et al. (2019) @
evaluated the SBS of ceramic to zirconia core and
found a high SBS in the zirconia group compared to
the findings of this study. The justification for these
variances might be a variation in study design and
methodology, such as the number of thermal cycles
and long-term water storage that were not applied in
the earlier studies.

The failure mode can provide valuable insight
into the material’s ability to withstand force and
tolerance. Through stereomicroscope examinations,
it was retrieved that the composite resin test group
primarily experienced cohesive failure. This can be
attributed to the durable bond between the materials
and cement interfaces. In addition, the mechanical
properties, composition, and chemical interaction
contributed to a favorable merging achievement.
These findings align with the research of Bozogullari
et al. 2009.
demonstrated cohesive failure, while ceramic cores

They stated that the resin cores

presented adhesive failure. This could be explained
by Zirconia’s advanced modulus of elasticity and
unique composition that lead to fracture prevention,
which appears to be an adhesive failure. On the
other hand, dentin and RMGI groups show the
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mostly adhesive mode of failures. Hitz et al.2012 "
disagree with this study’s finding as they displayed
that dentin group failure was just adhesive, while
Al-Manei et al. 2020"® found dentin and RMGI
groups mostly were a mixed failure. The variances
in the mode of failures between the recent study
and preceding reports might be interpreted as
consequences of the differences in the experimental
procedures or universal testing machine type.

Considering the limitations of in-vitro reports,
as many studies lack standardization methods or
identical conditions, it can be challenging to compare
results. Therefore, conducting further -clinical
assessments may be beneficial before making any

clinical applications based on this evidence.

CONCLUSION

Regarding the outcomes of this study mentioned
earlier, it can be concluded that the type of core
material used impacts the shear bond strength of
bonded LDGC. So, it may be preferable to use
composite resin or RMGI as core materials for
achieving higher SBS values.

Abbreviations
LDGC = Lithium disilicate glass-ceramic
SBS= Shear bond strength
HF= Hydrofluoric acid

RMGI= Resin-modified glass ionomer
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