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LITHIUM SILICATE GLASS CERAMIC TO RESIN CEMENT AFTER
THERMO-MECHANICAL LOAD CYCLING

Tarek A. Soliman®

ABSTRACT

Purpose: The aims of this study were to evaluate the flexural strength and adhesion of zirconia-
reinforced lithium silicate glass ceramic with those of lithium disilicate after applying a combined
thermo-mechanical load cycling.

Materials and Methods: Zirconia-reinforced lithium silicate (vita suprinity; SV) and lithium
disilicate glass ceramics (IPS e.max CAD; EM) were the materials used in this study. Specimens
with the required dimensions for microtensile bond strength and flexural strength test were prepared
and finished. The specimens were divided into two groups: control group that was stored in distilled
water at 37°C for 24 h (without thermo-mechanical load cycling) and test group (with thermo-
mechanical load cycling). A total of 3,500 thermal cycles and 250,000 mechanical loading cycles
were performed. Microtensile bond strength and flexural strength of each material were evaluated
before and after thermo-mechanical load cycling. Moreover, additional micromorphological
analysis such as those involving scanning electron microscopy and surface roughness of the
etched ceramic bonded surfaces were performed for qualitative analysis. Data were analyzed using
independent t-tests between the two glass ceramic groups, and paired t-test was used to detect
significance within each group with and without thermo-mechanical load cycling.

Results: The effect of thermo-mechanical load cycling on microtensile bond strength was
statistically significant for both types of glass ceramics (EM and SV) (P<.001) and the most frequent
failure type was mode I (adhesive failure between cement and ceramic type) with pronounced effect
on EM (66.67%) than on SV (40%). Regarding thermo-mechanical load cycling effect on flexural
strength, there was statically significant difference (P<.001) only for EM.

Conclusions: SV glass ceramic showed higher bonding values than EM glass ceramic only
after thermo-mechanical load cycling. However, it provides higher flexural strength values either

before or after thermo-mechanical load cycling than EM glass ceramic.
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INTRODUCTION

The continuous advance in the field of ceramics
is because of their enhanced esthetics, chemical
stability, biocompatibility, and wear resistance.
Therefore, the mechanical and optical properties
of ceramics are important in the clinical selection
of ceramic system.' Recently, using CAD/CAM
system is of a great concern in dentistry, it is used as
a substitute to traditional manufacturing processes
to achieve the esthetic requirements of prosthetic
restoration. Advances in dental ceramic materials
provide all-ceramic restorations with adequate
fatigue resistance to increase the longevity of CAD/
CAM ceramics.>?

IPS e.max CAD, which is considered a
monolithic ceramic restoration, was launched by
Ivoclar-Vivadent. It is a lithium disilicate ceramic
restoration providing esthetics without demanding
a veneering ceramic. Because of its superior
physical properties, it can be used as a single
crown and partial coverage restoration either in
anterior or posterior areas.'* Recently, zirconia-
CAD/CAM

ceramics, which have fine grained, homogeneous

reinforced lithium silicate glass
structure, have been introduced to the market by
VITA (Zahnfabrick, Bad Sickingen, Germany) for
the construction of anterior and posterior crowns,
inlays and onlays. It is composed of lithium silicate
that incorporates 10 wt% zirconia. According to
the manufacturer’s claims, the presence of zirconia
strengthens the ceramic structure by interrupting
the crack propagation. The structure obtained after
crystallization has been supposed to enhance its
mechanical properties and satisfies the highest

esthetic demands. 3

Clinically, bonding values and mechanical
properties of ceramic restoration may be affected
by exposure to oral environments after cementation.
Fatigue fracture is a form of failure that occurs in
structures with microscopic cracks when subjected
to dynamic and fluctuating stresses. ® Both thermal
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variations and cyclic fatigue are considered as
factors that could affect their mechanical properties
and bond strength at ceramic/resin cement interface.
Accordingly, they could provide a more detailed
understanding of clinical failures.””

Guarda et al'® evaluated the bond strength of
lithium disilicate glass ceramics under two different
conditions: thermocycling and mechanical cycling.
In addition, Sato et al'' assessed the thermocycling
effect on microtensile bond strength of zirconia-
reinforced lithium silicate ceramics. Therefore,
the current study aimed to evaluate and compare
the flexural strength and adhesion of two glass
ceramics with different microstructures (zirconia-
reinforced lithium silicate and lithium disilicate
glass ceramics) after applying a combined thermo-
mechanical load cycling, which is considered
the worst case scenario. Moreover, additional
analysis such as those involving scanning electron
microscopy and surface roughness of the etched
ceramic bonded surfaces were performed for
qualitative analysis. The suggested null hypotheses
were as follows: (1) there is no significant
difference between the adhesion values of different
ceramics-cement combinations before and after the
thermo-mechanical load cycling and (2) there is no
significant difference between the flexural strength
of the two glass ceramic materials before and after
the thermo-mechanical load cycling.

MATERIALS AND METHODS

Zirconia-reinforced lithium silicate (SV) (Vita
Suprinity, lot; 47554, VITA Zahnfabrik, Bad
Séckingen, Germany) and lithium disilicate CAD/
CAM ¢glass ceramics (EM) (IPS e.max CAD, lot no;
S50627, Ivoclar Vivadent, Schaan, Lichtenstein)
were used in this study.

Microtensile bond strength assessment

Four rectangular CAD/CAM ceramic blocks
(10 mm x 7 mm x 3 mm) were cut from each material
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by using ISOMET (Techcut4, Allied, USA) in the
precrystalline stage. Ceramic blocks dimensions
was measured by a digital caliper (Mitutoyo
Corporation, Tokyo, Japan). Different grit sizes (600
to 1200 grits) of silicone carbide papers were used
to finish the bonded surfaces of ceramic specimens
under copious water cooling followed by a 3-min
ultrasonic cleaning in distilled water. The full-
crystalline stage for ceramic specimens was then
completed using a programat P500 furnace (Ivoclar-
Vivadent, Schaan, Liechtenstein). Composite
resin Tetric N ceram (Ivoclar-Vivadent, Schaan,
Liechtenstein) shade A3 was then used to duplicate
each CAD/CAM ceramic block using a silicone
impression material mold (Express, 3M ESPE; St
Paul, USA). Composite resin was incrementally
(2 mm) applied into the mold until it was filled,
and each layer was cured using a LED light (Elipar

Freeligh 2, 3M ESPE, 1,226 mW/cm?).!>!?

The cut surfaces for both the CAD/CAM glass
ceramics were etched using hydrofluoric acid for
20 s followed by washing under distilled water
and then air-drying for 30 s. A silane coupling
agent (Monobond Plus, Ivoclar-Vivadent, Schaan,
Liechtenstein) was applied using microbrush and
allowed to dry for 1 min, and then a second coat was
applied. The composite resin blocks were bonded
to the treated CAD/CAM glass ceramic surface
by using a dual-cured resin luting agent (Variolink
N, Ivoclar-Vivadent, Schaan, Liechtenstein) under
500-gm static load.'>!?

Glass ceramic specimens were divided into
two groups: control group (non-aged group) that
was kept in distilled water at 37°C for 24 h with
no thermo-mechanical load cycling and test group
(aged group) exposed to thermo-mechanical load
cycling. Thermal cycling (3,500 cycles) was
performed in distilled water (SD Mechatronik
Thermocycler, FT200, JULABO GmbH, Germany)
between 5 °C and 55 °C (dwell time of 30 s). For
mechanical cycling, the same specimens were then
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subjected to cyclic fatigue on a universal testing
machine (Instron Electropolus 3000, E 300, Instron,
England) for 250,000 cycles with a load of 80 N at

a frequency of 4 cycles/s in a wet environment prior

to testing.!%1*

Fig. (1) Universal testing machine used for mechanical cyclic
loading

The ceramic-composite blocks were then
sectioned into beams (1 + 0.1-mm thick). The
peripheral beams were excluded because of the
probability of deficient or excessive resin at the
ceramic/composite interface, which might affect
the results. A cyanoacrylate adhesive was then used
to fix each beam to microtensile device grips. The
microtensile bond strength test was conducted using
a universal testing machine at a crosshead speed of
0.5 mm/min until failure. The load at failure (N)
and the surface area (mm?) for each beam were used
to calculate xTBS in MPa.'>!® Optical microscope
(Infinity 2, MEIJI Techno, EMZ-13 TRD, Japan) at
40x magnifications was used to check the debonded
specimens. The mode of failure can be categorized
as follows: type 1: adhesive failure at the ceramic/
resin interface, cohesive failure in the composite
resin (type II) or ceramics (type III) , or mixed
failure (type IV)."”

Flexural strength assessment

Twenty bar-shaped specimens (18 x4 x3 mm?) for
each material were cut and randomly distributed into
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two groups: control group (non-aged) and test group
(aged group), and the same thermo-mechanical load
cycling process was applied as described before.
Three point bending test was used to measure the
flexural strength in a universal testing machine at
a crosshead speed of 0.5 mm/min until fracture
according to ISO 6872.'8:1? Flexural strength (MPa)
was calculated using the following formula: FS
(6)=3F(L)/ 2wh 2 , where F is the maximum load at
the fracture point N, L is the distance between the
two supports (mm), w is the specimen width (mm),
and h is the specimen thickness.

Micromorphological analysis of etched ceramic
surfaces

Three representative specimens (10 mm x 10
mm x 1 mm) from each ceramic were produced and
polished using wet abrasive silica-carbide papers
(grit No. 600, 1000, and 1200), cleaned with 96%
ethanol in an ultrasonic bath for 2 min, and air-dried.
Ceramic specimens were etched for 20 s, mounted
on metallic stubs, gold sputter-coated, and evaluated
under a SEM (Quanta FEG 450, Amsterdam,
Netherland) with original magnification range
2000-5000x for their qualitative analysis.?

Surface roughness of ten etched -ceramic
specimens for each material was characterized
using a profilometer (Contour GT profilometer;
BRUKER, RM1228, USA) that performed 2D
surface roughness profile measurment in nanometer.
Surface roughness (Ra) for each specimen was
recorded in nanometers (nm) from three different
sites, and the mean roughness (Ra values) was then
calculated.”!

Statistical analysis

All data were analyzed using SPSS software
version 22 (SPSS Inc., Chicago, IL, USA).
Independent t-test was used to detect significant
difference between the two types of ceramics:
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without or with thermo-mechanical load cycling.
Paired t-test was used to detect significant difference
within the same ceramic material either without or
with thermo-mechanical load cycling. Statistical
significance was set at .05 probability level. The
data were first verified by the Shapiro—Wilk test for
the normal distribution of data.

RESULTS

Mean values and standard deviations of the
microtensile bond strength are presented in table
1. The effect
on microtensile bond strength was statistically

of thermo-mechanical cycling

significant for both the types of glass ceramics
P<.001. A statistically insignificant effect (P=.11)
was detected between EM and SV glass ceramics
when considering the overall microtensile bond
strength values between the levels of independent
variables (conditions with and without thermo-
mechanical load cycling).

TABLE (1) Mean (xstandard deviations) microtensile
(Mpa) of EM
and SV glass ceramics with or without

bond strength values

thermomechanical load cycling

Thermo-mechanical load
i iti Total
Ceramic type cycling conditions ota
Without With
EM (X+SD) | 33.12+1.38° 20.79+.86° 26.95+6.42
SV (X£SD) | 31.13x1.57* | 27.79«1.06® | 29.46+2.156
P value 008* <.001* 11

EM: E-max CAD lithium disilicate glass ceramic, SV:
suprinity; zirconia reinforced lithium silicate ceramic

- Different superscript letters indicate significant
difference between thermo-mechanical load cycling
conditions for each glass ceramic (P < .05).

- P value when comparing the two types of glass ceramics
either overall or between each thermo-mechanical
cycling conditions
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Fig. (2) Bond failure modes in each group

The percentages of different failure modes for
each type of glass ceramic either with or without
thermo-mechanical load cycling are shown in Figure
2. Regarding the effect of thermo-mechanical load
cycling, the most frequent failure type was mode I
(adhesive failure between resin cement and ceramic
type) with pronounced effect on EM (66.67%) than
on SV glass ceramic (40%).

Mean values and standard deviations of the
flexural strength are presented inTable 2. The effect
of thermo-mechanical cycling on flexural strength
was statistically significant only for EM glass
ceramics (P<.001). Flexural strength of EM glass
ceramics decreased significantly (P<.001), whereas
that of SV glass ceramics insignificantly decreased
(P=.07). Moreover, a statistically significant
effect (P<.001) was detected between EM and SV
ceramics when considering the overall flexural
strength values between the levels of independent
variables (conditions with and without thermo-
mechanical load cycling).

Statistical significant differences were observed
between acid etching-treated ceramics (EM and
SV) (P<.001) regarding surface roughness (Ra in
nm) (631.3+35.27 and 550.3+39.46) respectively.
Representative SEM micrographs of EM and SV
glass ceramic materials at 2000x magnification are

presented in Figures 3 (A and B) respectively. The
treated EM ceramic surface showed micro-rough
and porous surface than did treated SV ceramic
surface. The SEM micrographs of EM and SV glass
ceramic materials at 5000x showed that EM glass
ceramics have needle—shaped, fine-grained crystals
embedded in glassy matrix (Fig.4A), whereas
SV ceramics have a homogenous fine crystalline
structure (Fig. 4B).

TABLE (2) Mean (+ standard deviations) flexural
(Mpa) of EM and
SV glass ceramics with or without

strength  values

thermomechanical load cycling

Thermo-mechanical load
C . . .
eramic cycling conditions Total
type
Without With
EM (X+SD) | 383.38+8.88 | 361.32+5.47° | 372.35+13 .4
SV (X+SD) | 451.35+£9.418 | 439.68+5.69® | 445.52+34.35
P-value <.001 <.001 <.001
-Different superscript letters indicate significant

difference between thermomechanical cycling conditions
for each glass ceramic (P <.05).

-P-value when comparing the two types of ceramic either
overall or or between each thermomechanical cycling
conditions
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Fig. (3) SEM micrographs after acid etching for 20 s at 2000x
for A: EM and B: SV glass ceramics

DISCUSSION

A reliable bond between the internal surface
of restoration and the luting agent is considered a
key aspect in obtaining successful restoration.”
However, oral environments such as temperature
variations and mechanical load cycling could affect
the mechanical properties and bond strength.>** In
this study,the combined 3,500 thermal cycles and
250,000 mechanical loading cycles were selected
as this is considered the worst case scenario
and simulates 1 year of clinical service in oral
environments.'%?2* A load of 80 N at a frequency
of 4 cycles/s was selected to simulate the mean
physiologic masticatory forces approximately,
depending on the food item consistency.”2

Temperature  variations  cause  material

degradation in an aqueous environment and
mismatch the coefficients of thermal expansions and

contractions, which could affect bond strength.?’

SV glass ceramics is a new material that requires
further investigations; its composition might have
different bonding and mechanical characteristics
from those of its predecessor (EM glass ceramics).
Therefore, the current study was aimed to evaluate
and compare the flexural strength and adhesion
values of SV glass ceramics with those of lithium
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Fig. (4) SEM micrographs after acid etching for 20 s at 5000x
for A: EM and B: SV glass ceramics

disilicate after applying combined thermo-

mechanical load cycling.

The adhesion of SV and EM glass ceramics was
determined in the current study by the yTBS test
as it distributes stresses uniformly during loading
and gives accurate estimation of bond strength
because of the presence of small bonded interfaces
(approximately 1 mm? ).25% In addition, composite
resin disks were used rather than dental substrates
because of the strong bond formed between the
composite resin and the resin cement. In addition,
variations in the tooth microstructure could lead to
the misinterpretation of the findings."

The microtensile bond strength values of non-
aged EM glass ceramics were significantly higher
than those of SV glass ceramics. This could be
attributed to the higher surface roughness values
caused by the acid etching process. This result also
agrees with that observed from the SEM micrographs
and surface roughness values of SV glass ceramic in
the current study, which showed that etching was
more apparently intense for Em glass ceramics.
Moreover, these findings are in agreement with the
classification system proposed by Valendro et al.’!,
who stated that EM glass ceramics is considered
which

acid-sensitive ceramics, improves the
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formation of mechanical interlocking with luting
agent. However, zirconia-based ceramics do not
degrade easily with HF acid and are considered
resistant to acids.®!. The small statistical difference
between EM and SV glass ceramics regarding
bond strength values was not surprising because
(monobond plus) coupling agent, which contain
phosphate monomer, were used. The presence of
zirconia requires this kind of monomer to enhance
the chemical bond with the resin adhesive.’'** On
the contrary, another study stated that SV glass
ceramics had higher tensile bond strength than EM
glass ceramics.** This difference may be because
they used a 60-s etching time, which might increase
the micropore depth in ceramic surfaces. However,
HF etching time for SV glass ceramics was 20 s, as
recommended by the manufacturer.’

The microtensile bond strength of EM and SV
glass ceramics was significantly reduced after
thermo-mechanical load cycling. Temperature

variations and mechanical fatigue of dental
materials are factors that cause material degradation
in aqueous environment, which consequently
affects their bond strength.?>3** Although the acid
etching was more pronounced on EM than on SV
glass ceramics, the microtensile bond strength of
EM glass ceramics significantly reduced compared
with that of SV glass ceramic after thermo-
mechanical load cycling. This could be attributed
to the presence of zirconia particles, which could
resist aging conditions more than those in EM glass
ceramics by transformation toughening process.®
Therefore, the first null hypothesis was rejected.
Kamada et al * stated that thermocycling reduces
the bond strength between a ceramic surface and
resin cement. In addition, another study stated
that the microtensile bond strength of lithium
disilicate ceramics reduced significantly in both the
fatigued group and thermocycled group.!® On the
contrary, other studies showed that the thermal and
mechanical cycling did not statistically affect the
bond strength of lithium disilicate ceramics.!'?’
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Failure modes analysis in this study revealed
that adhesive failure incidence increased in both the
types of glass ceramics after the thermomechanical
cycling at the expense of the mixed-type failure,
with pronounced effect on EM glass ceramic. This
observation could be related to the bond strength
results and could be attributed to the thermal and
mechanical stresses formed during thermocycling
and mechanical cyclic fatigue loading in both types
of glass ceramics.*®

Dental ceramics are weak in tension because of
their brittle nature. Accordingly, flexural strength
is an important mechanical property to predict
their strength in clinical situation.* Environmental
cycling parameters used to predict the survival
rate of glass ceramics vary widely among the
studies'®73® and there is no agreement regarding
these parameters in the literatures. Therefore, the
accurate simulation of normal functional parameters
remains a challenge. The parameters of mechanical
and thermal cycling applied in the current study
were based on the study of zankuli et.al * and
khalil et.al.'*; They utilize 3500 thermal cycles and
250,000 mechanical loading cycles to simulate one
year of clinical service.

SV glass ceramic showed higher flexural
strength values than EM glass ceramic both before
and after the thermo-mechanical load cycling. The
introduction of zirconia particles in SV glass ceramic
could improve flexural strength by interrupting the
crack propagation.*’ Therefore; the second null
hypothesis was rejected. Moreover, the flexural
strength of SV glass ceramic was non-significantly
reduced after thermo-mechanical load cycling.
The results of this study is supported by other
studies outcomes'*4** which stated that; The effect
of thermal and mechanical load cycling did not
significantly affect flexural strength of zirconia
based ceramics due to their strong mechanical
properties and stability against aging. Moreover,
stress-induced phase transformation is an important
factor for strengthening of zirconia based ceramics.
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On the other hand, grain size is one of the factors
that could affect the mechanical properties of
dental ceramics. The smaller the grain size, the
higher is the mechanical strength for zirconia-based
ceramics. The grain size of EM glass ceramics was
2-4 pm, while that of SV glass ceramics was 0.5—
0.7 ym. 52 On the contrary, another study stated that
mechanical load and thermal cycling decreased the
flexural strength of zirconia-based glass ceramics.*
Accordingly, limitations of this in vitro study
demand further investigations following prolonged
thermo-mechanical load cycling.

CONCLUSION

Within the limitation of this study, it was
concluded that; SV glass ceramic showed higher
bonding values than EM glass ceramic after thermo-
mechanical load cycling. However, it provides
higher flexural strength values either before or after
thermo-mechanical load cycling than EM glass
ceramic. From the statistical point of view, the
overall bond strength values were not significantly
different between both SV and EM glass ceramics
regardless of the thermo-mechanical load cycling.
further
required to predict the bonding durability of SV

Therefore, clinical investigations are

glass ceramics in clinical situations.
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