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INTRODUCTION

he need to retain natural teeth, even when a
significant portion of the crown has been lost, has

ABSTRACT

Aims and Objectives: To evaluate the influence of indirect chair-side
polymerization of resin composite cores on the fracture resistance of overlaying
IPS e.max Press crowns.

Materials and Methods: Root canals of 60 extracted premolars were prepared to
receive #2 fiber posts after the crowns were sectioned 2 mm above the cervical
line. In Groups 1-3 (n = 10 each), posts were luted to the prepared dowel spaces
using self-adhesive resin cement. Resin composite cores were then bonded and
incrementally built-up using Filtek Z250 XT, Filtek P60, and Filtek P90 resin
composites. In Groups 4-6 (n = 10 each), the fabricated post-core systems were
subjected to post-curing heat and pressure treatment before cementation to their
respective teeth using self-adhesive resin cement. Another 10 sound premolars
served as control. All teeth in the test and control groups were then subjected to
standardized preparation to receive IPS e.max Press crowns before testing their
fracture resistance and the mode of restorations’ failure. The collected results were
statistically analyzed using ANOVA, Kruskal-Wallis, and Tukey’s tests on the past
software used at o = 0.05 to stand on the significance of the detected differences.
Results: Significant differences were detected between the fracture resistance
of teeth in different groups (ANOVA, P = 2.857E-35). Crowns in Groups 4-6
provided higher fracture resistance than those in Groups 1-3 (Tukey’s test,
P < 0.05). Crowns in Groups 4 and 6 provided higher fracture resistance than the
control, while those in Groups 2 and 3 provided lower fracture resistance than the
control (Tukey’s test, P < 0.05).

Conclusion: Indirect composite cores improved the fracture resistance of IPS
e.max Press crowns when compared to directly fabricated post and cores. The
directly and indirectly polymerized nanohybrid, methacrylate-based composite
(Filtek Z250 XT) cores yielded the highest fracture resistance for the utilized
all-ceramic crowns.

Kevyworbs: Ceramic crowns, composite cores, fiber post, fracture resistance,
indirect polymerization

in response to the expected change in the moisture
content of dentin. Others?% attributed the questionable
biomechanical behavior of the endodontically treated

dramatically increased through the few past decades.
Endodontic treatment allows for the placement of posts
and cores whose preparation yields studies which indicate
more brittle teeth.'? Investigators®¥ have reported
minor to no reduction in tooth hardness and resiliency
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teeth to the significant loss of tooth coronal substrates.
At the same time, the remaining cervical tooth structure
and the restorative approach also influence the clinical
survival of treated teeth.["! Therefore, the use of
endodontic posts is recommended to retain, support,
and anchor cores.[®!% Many researchers!!"'?! considered
the inherent biomechanical character, retention, and
stability of post-core systems crucial for the success
and longevity of final restorations. Metal posts were
standardly employed for many years; however, the
incompatibility of their biomechanical properties with
those of dentin led to develop the fiber-reinforced
composite (FRC) posts. This alternative in terms of the
elastic modulus, optical properties, and tensile strength
added its ability to retain cores when used in conjunction
with both resin-based cements and composite build-up
materials.'”*' Many types of the composite resins
have been used as direct core build-up materials;
however, recently developed materials that tout minimal
shrinkage, improved bonding, and mechanical behaviors
have been reported. These results could potentially affect
the clinical survival of the final ceramic restoration.!'®!7)

Normally, the success of the final crown restoration is
greatly dependent on the long-term ability of the core
material to resist complex intraoral stresses.!'> To achieve
that goal, indirect ceramic post-core systems have been
suggested, but their cost together with the time-consuming
and complicated fabrication techniques limit their
application in spite of the reported success.'*') The
indirect chair-side composite restoratives normally present
equivalent compositions to that of the direct materials,
but their processing methods are different. Post-curing
additional light and/or heat application is a relatively quick
and easy technique that has been reported to increase
the degree of conversion and improve the composites’
mechanical characteristics and color stability.?*??! This
approach may present a viable alternative for both direct
composite and indirect ceramic core build-up materials
with better biomechanical behavior. Therefore, the current
in vitro study aimed to evaluate the fracture resistance of
pressed ceramic crowns supported with indirect chair-side
fabricated resin composite cores.

MATERIALS AND METHODS

Seventy extracted single-rooted maxillary premolars
were collected at the Orthodontic clinic, College of
Dentistry, King Khalid University, upon the registration
and approval of the research idea with the Scientific and
Research Committee (SRC/REG/2013-2014/13), College
of Dentistry, King Khalid University (The post-hoc
power [OSP = 0.9074] was calculated to assure the
reliability of the selected sample size) The collected teeth
were cleaned up to remove both hard and soft deposits and

Figure 1: Construction of test specimens: (a) extracted premolar, (b)
sectioning the crown, (cl) cementation of fiber post for direct core
build-up, (c2) fabricating indirect chair-side post and core, (d1) direct
composite core, (d2) cementation of indirect chair-side post and
core, (e) standard preparation of cores to receive ceramic crowns,
and (f) cemented ceramic crown in place

thoroughly inspected to exclude the cracked ones before
their inclusion in the current study. Ten of the selected
teeth served as control following their standardized
preparation (Axial reduction with 1.2 mm shoulder finish
line located 1 mm above the cervical line, flat occlusal
reduction, and final occluso-gingival height of 6 mm)
using diamond burs (FG 846012, White Diamonds,
Lakewood, NJ, USA) on a lathe to receive IPS e.max
Press (Ivoclar Vivadent, Schaan, Liechtenstein) crowns.
Crowns of the remaining teeth were sectioned 2 mm
above the cervical line, and root canals were prepared to
receive size 2 resin-impregnated endodontic glass fiber
post (RelyX Fiber Post, 3M ESPE, St. Paul, MN, USA)
using the enclosed series of drills to the matched size.
This rotary process achieved a standardized 10-mm long
dowel space. The teeth were then divided into six test
groups (n = 10 each) according to the protocol selected
for post and core construction [Figure 1].

The length of posts utilized in all test groups was
first adjusted using diamond discs (EDENA, Au/SG,
Switzerland) in a low-speed handpiece to have only
3 mm extension above the flat coronal surface of each
tooth. In groups 1-3, the entire bodies of the selected
posts were meticulously cleaned up and dried. Two coats
of Adper Single Bond Plus adhesive (3M ESPE, St. Paul,
MN, USA) were then agitated against the apical 12 mm
of post length and light cured for 10 s (Elipar FreeLight
2, 3M ESPE AG, Secefeld, Germany). All posts were
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then cemented to their respective dowel spaces using
self-adhesive resin cement (RelyX Unicem 2 Automix,
3M ESPE, St. Paul, MN, USA). The auto-mixed cement
was injected into the prepared dowel spaces and the
posts were then introduced to the full depth. The excess
cement was gently swabbed away and the margins
exposed around the cemented post were then light-cured
for 20 s.

In Groups 1-3, three different composite restorative
materials (Filtek Z250 XT, Filtek P60, and Filtek P90,
3M ESPE, St. Paul, MN, USA) were used to directly
build the composite cores up. The details of the materials
used in this study are listed in Table 1. The dentin first
was etched for 15 s (Scotchbond Universal Etchant,
3M, ESPE, St. Paul, MN, USA), washed up, and plot
dried to remain moist. In Groups 1 and 2 where the
methacrylate-based composites (Filtek Z250 XT and
Filtek P60) were hired for core building up, two coats of
Adper Single Bond Plus adhesive (3M ESPE, St. Paul,
MN, USA) were agitated and light cured for 10 s against

the etched tooth surfaces together with the exposed 3 mm
of the cemented posts. However, in Group 3 where the
silorane-based composite (Filtek P90) was hired for core
building up, two coats of the compatible silorane-specific
adhesive were agitated and light-cured for 10 s against
the etched tooth surfaces together with the exposed
3 mm of the cemented posts. The direct composite cores
were built up in two successive increments; each was
cured for 20 s, to be 1 mm above the exposed posts and
to the full circumference of the remaining coronal tooth
structure.

In Groups 4-6, all posts were first introduced to the
full depth of their respective dowel spaces with no
cementation. The exposed parts of the utilized posts were
coated with the resin adhesive that is compatible with the
same Filtek Z250 XT, Filtek P60, and Filtek P90 composite
core materials. The composite cores in Groups 4—-6 were
built up and bonded only against the exposed resin-coated
parts of the fiber posts but with no bonding to the tooth
surfaces. The constructed post-core systems were then

Table 1: Materials used

Material Description/composition Manufacturer
Filtek Z250 Nanohybrid-filled, methacrylate-based universal composite restorative 3M ESPE dental
XT BIS-GMA, UDMA, BIS-EMA, PEGDMA, and TEGDMA resins. 81.8 wt% fillers of both 0.1-10 um products
surface modified zirconia/silica particles and 20 nm silica particles St. Paul, MN,
Filtek P60  Hybrid-filled, packable, methacrylate-based posterior composite restorative USA
BIS-GMA, UDMA, and BIS-EMA resins. 83 wt% of silica and zirconia fillers with particle size
distribution is 0.01-3.5 pm with an average particle size of 0.6 um
Filtek P90  Microhybrid-filled, low-shrinkage, silorane-based posterior composite restorative

3,4 epoxycyclohexylethylcyclopolymethylsiloxane, bis 3,4-epoxycyclohexylethyl-phenylmethylsilane, 76
wt% silanized quartz, yttrium fluoride with a particle size of 0.1-2.0 um

Adper Single Methacrylate-based single-component resin adhesive
Bond Plus

Bis-GMA, HEMA, dimethacrylates, ethanol, water, a novel photoinitiator system and methacrylate

functional copolymer of polyacrylic and polyitaconic acids

Silorane
System
Adhesive

Silorane-specific resin adhesive

Self-etch primer: Phosphoric acidmethacryloxy-hexylesters mixture, 1,6-hexanediol dimethacrylate,
copolymer of acrylic and itaconic acids, phosphine oxide, (dimethylamino) ethyl methacrylate, Bis-GMA,

HEMA, water, ethanol, camphroquinone, 8-12 wt% silane-treated silica filler with 7 nm primary particle size

Bonding resin: substituted dimethacrylate, TEGDMA, phosphoric acid methacryloxyhexylesters,
1,6 1,6-hexanediol dimethacrylate, comphroquinone, 5-10 wt% silane-treated silica filler

RelyX Fiber Glass fiber post

Post Glass fibers embedded into a composite resin matrix
RelyX Self-adhesive, dual curing resin cement
Unicem 2 Base paste: Methacrylate monomers containing phosphoric acid groups, methacrylate monomers, initiator
components, stabilizers. rheological additives
Catalyst paste: Methacrylate monomers, alkaline (basic) fillers, silanated fillers, initiator components,
stabilizers, pigments, rheological additives
IPS eemax  Lithium disilicate glass-ceramic ingot for the press technique Ivoclar Vivadent,
Press 70% lithium disilicate crystals (3-6 um in length) embedded in a glassy matrix S?haan, )
Liechtenstein

SiO, (57.0-80.0 wt%), Li,0 (11.0-19.0 wt%), K,O (0.0-13.0 wt%), P,O5 (0.0-11.0 wt%), ZrO, (0.0-8.0
wt%), ZnO (0.0-8.0 wt%), other oxides (0.0-10.0 wt%), coloring oxides (0.0-8.0 wt%)

Bis-GMA=Bisphenol A diglycidildimethacrylate, UDMA=Urethane dimethacrylate, TEGDMA=Triethylene glycol dimethacrylate,
Bis-EMA=Bisphenol A ethoxylated dimethacrylate, PEGDMA=Polyethylene glycol dimethacrylate, HEMA=2-hydroxyethyl methacrylate

Journal of International Society of Preventive and Community Dentistry | Volume 8 | Issue 1 | January-February 2018



Abdelaziz, et al.: Fracture resistance of ceramic crowns

removed out of their teeth and subjected to post-curing
heat and pressure treatment in an autoclave (Type B Lisa
autoclave, W and H Sterilization Srl., Brusaporto [BG],
Italy) using B-Universal 121 cycle for 41 min at 122.5°C
and a pressure of 1.16 bars (116 kPa).”*? Before
cementing each onto its corresponding tooth, two escape
grooves were prepared on the basal surface of each
composite core using diamonds #FG 846012 to allow
the excess cement to escape. The basal surface of each
core surface was then subjected to 30 s of sandblasting
with 110 wm alumina particles bombarded at 10.3 kPa.
Following the ultrasonic cleaning and air drying, the
roughened core surface together with the exposed post
was coated with two layers of Adper Single Bond Plus
adhesive and cured for 15 s. The prepared dowel space
and the top coronal surface of each tooth were thoroughly
cleaned and dried before using the self-adhesive resin
cement (RelyX Unicem 2 Automix) to lute the indirectly
prepared post-core systems in place.

Teeth in all test groups were also prepared following
the previously mentioned criteria to receive IPS e.max
Press crowns. Standardized anatomical wax patterns of
the designed crowns were first constructed by the aid
of medium-body polyvinyl index (Imprint, 3M ESPE,
St. Paul, MN, USA) and wax sprues 3 mm in diameter
were then attached to each at 45°. The constructed
patterns were invested in Empress 2 speed investment
material (Ivoclar Vivadent, Schaan, Liechtenstein).
The set investment blocks were preheated at 850°C
for 60 min, before press filling with the softened
ceramic material in an Empress furnace at 910° for
20 min. After divesting, finishing, and staining of the
constructed crowns, their intaglio surfaces were etched
with 9.5% hydrofluoric acid (Porcelain etchant, Bisco
Inc., Schaumburg, IL, USA), silanated (ESPE Sil, 3M
ESPE), and left to dry for 5 min. All the constructed
crowns were cemented onto their corresponding teeth
using the same self-adhesive resin cement under pressure
after sandblasting the outer surfaces of the indirect cores
in Groups 4-6. The excess cement was light-cured for
5 s before its removal with sharp scaler, and the crown
margins were then subjected to additional exposure to
the curing light for 15 s.

Roots of all specimens were dipped once in light viscosity
vinyl polysiloxane impression material (Imprint II Garant,
3M ESPE, Seefeld, Germany) to receive a single coat in
representation of the periodontal ligament. After setting
of this coating, all roots were embedded into acrylic
blocks (Hygienic, Coltene/Whaledent AG. Altstatten,
Switzerland) 1.0 mm apical to the cervical line.

To simulate normal oral functions, all specimens
were subjected to further cyclic fatigue loading at
50 N for 240,000 cycles®! and thermocycling at
5°C-55°C (MSCT-1, Sao Carlos, SP, Brazil) following
ISO-TR 11405 Standard for 3500 cycles with a dwell
time of 30 si**?" before testing their fracture resistance
on a universal testing machine (Model 5965, Instron,
Grove City, PA, USA). A metal rod running at crosshead
speed of 0.5 mm/min was used to stress all crowns to
failure. The maximum load at failure (first audible
cracking sound) was recorded for each crown. The data
recorded for the test groups (Groups 1-6) were first
analyzed using 2-way ANOVA to detect any source
of interaction between the two test variables. All the
collected data, including those of the control, were then
subjected to statistical analysis using 1-way ANOVA and
Tukey’s comparisons at o = 0.05 to test the significance
of differences detected between groups. The mode of
failure in each of the tested specimens was also assessed
and ranked according to the severity as 1 for dislodged
post-core-crown restoration, 2 for the fracture in ceramic
crown, 3 for the fracture in both composite core and the
overlaying ceramic crown, and 4 for the nonrestorable
root fracture. The collect failure mode data were then
statistically analyzed using Kruskal-Wallis test at
o = 0.05 to detect any significant differences between the
tested groups.

RESuULTS

Mean fracture loads and standard divisions of teeth in
different groups are listed in Table 2. The 2-way ANOVA
indicated significant differences between different types
of resin composite cores (P < 0.0001) and between
the different polymerization modes (P < 0.0001).
However, no interaction between the two variables was
detected (P = 0.1041). On the other hand, after inclusion

Table 2: Mean fracture loads (n) and standard divisions of restored teeth in different groups

Polymerization Composite core materials Restored natural One-way
protocol Filtek 7250 XT Filtek P60 Filtek P90 teeth (control) ANOVA (P)
Direct Group 1 (940.96+25.48"'%) Group 2 (628.65+£35.59*2%) Group 3 (814.97+36.14*3%)  937.25+£56.99  2.857E-35

Indirect chair-side Group 4 (1163.89+39.96*1) Group 5 (897.67+36.07>°) Group 6 (1033.26+62.39*3Y)

*Significant differences from the control group (Tukey’s, P<0.05), Different superscript numbers within rows indicate significant

differences between different types of resin composite (Tukey’s, P<0.05), Different superscript letters within columns indicate significant
differences between different modes of composite curing (Tukey’s, P<0.05). Filtek Z250 XT=Methacrylate-based nanohybrid filled resin
composite, Filtek P60=Methacrylate-based hybrid filled resin composite, Filtek P90=Silorane-based microhybrid filled resin composite

<
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Table 3: Incidences (%) of different modes of failure

Mode of failure

Test groups

Direct composite cores (Group 1)

Indirect composite cores (Group 2)

Filtek Z250 XT Filtek P60 Filtek P90 Filtek Z250 XT Filtek P60 Filtek P90
(Group 1) (Group 2)  (Group 3) (Group 4) (Group 5) (Group 6)
Dislodged post-core-crown system 0 10 0 0 10
Fractured ceramic crown 80 60 90 80 70
Fractured crown and core 20 30 10 20 20
Catastrophic root fracture 0 0 0 0 0
Mean rank of the recorded failure modes 2.24+0.42 2.3+0.48 2.2+0.53 2.1+0.32 2.240.42 2.1+0.57

The higher mean rank of failure mode indicates higher incidence of more serious failure

of the control group, significant differences were detected
between the fracture resistance of teeth in different
groups (ANOVA, P = 2.857E-35). Crowns supported
with indirect cores in Groups 4—6 showed higher
fracture resistance than those supported with direct
cores in Groups 1-3 (Tukey’s test, P < 0.05). Crowns in
Groups 4 and 6 provided higher fracture resistance than
those of the control group (Tukey’s test, P = 0.0001309
and 0.0002512), while those in Groups 2 and 3 provided
lower fracture resistance than the control (Tukey’s test,
P = 0.0001309 and 0.0001313). Only those teeth of
Group 5, restored using indirect hybrid composite (Filtek
P60) cores, showed comparable fracture resistance to the
control (Tukey’s test, P = 0.4047). The majority of the
restored teeth in all subgroups showed a favorable mode
of failure, where the catastrophic fracture of the ceramic
crowns was dominant [Table 3]. Statistical analysis of
the ranked failure data showed no difference between the
tested groups (Kruskal-Wallis test, P = 0.9374).

DISCUSSION

The altered biomechanical behavior of endodontically
treated teeth with compromised clinical crowns?®® often
necessitates the use of endodontic posts to retain, support,
and anchor cores built up at the time of restoration.[”-%1%
The use of FRC posts, with mechanical and esthetic
advantages, combined with a core of resin composite is
currently a popular choice.'>!™ This kind of post-core
system can be adhesively bonded to the tooth structure
with a direct impact on the clinical longevity of the final
ceramic restoration.*!”! The long-term ability of the core
material to resist complex intraoral stresses has also been
reported to influence the survival of the overlaying crown
restorations.!'>®! Indirect metallic or ceramic post-core
systems have been suggested; however, their cost and
time-consuming and complicated fabrication procedure
have limited their routine application.!'®°2%] On the other
hand, post-curing treatment has been reported to improve
the mechanical properties of direct resin composite
restoratives since they display the same basic composition
as those designed for indirect applications.?**3% The

curing technique employing additional heat and pressure
was used in this study to fabricate indirect chair-side
composite cores that hypothesized to add support to yield
improved fracture strength to the overlaying ceramic
restoration.

IPS e.max Press was selected to present an important
category (lithium disilicate glass-ceramic) of the
currently available ceramic materials. This material can
offer full-size ceramic restorations with improved flexure
strength (360400 MPa) and excellent esthetics with no
need for a veneering material.®!) The supporting core
build-ups were made of resin composites commonly
available in practice. These materials represent
composites with different resin formulations and filler
characteristics normally utilized for direct restorative
applications [Table 1].

In this in vitro study, the stated null hypothesis was
rejected as both factors significantly affected the
fracture resistance of the IPS e.max Press crowns with
no interaction. Significant differences were observed
between the fracture resistance values of crowns
supported with different types of resin composite
cores [Table 2]. Regardless of the employed curing
technique, crowns supported with nanohybrid composite
cores (Filtek Z250 XT) registered the highest fracture
resistance among all test groups. This result may be
related to the composition and the degree of conversion
effects on the materials’ mechanical properties.?”

Boaro et al®® reported higher degree of conversion
and higher mechanical properties of Filtek Z250 in
comparison to the silorane-based resin composites (Filtek
LS) although both having hybrid-filled nature. However,
each of those materials has different resin base offering
different degrees of conversion, in addition to different
filler characteristics and loadings (Filtek 7250,
78.7 wt% of zirconia and silica fillers with a particle
size distribution of 0.01-3.5 wm and Filtek LS, 76 wt%
of quartz and yttrium fluoride fillers with a particle size
distribution of 0.1-2.0 wm). The recent modification of
Filtek Z250 by adding nanofillers (20 nm in diameter) to
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its composition [Table 1] increased the filler loading to
81.8 wt%, and the manufacturer reports better adaptation
of the fillers infiltrated by the methacrylate resin base and
this may be responsible for the reported improvement in
this material’s mechanical properties.*?! Although Filtek
P60 has a very high filler content (83 wt% of zirconia
and silica fillers), the reported size and shape of those
fillers may not optimize adaptation leaving larger
resin-filled spaces when compared to the nanofilled
composites. This structural nature may be the source of
the lower final fracture resistance of the material in the
present study, including its ultimate strength and modulus
of elasticity.+36

Based on the aforementioned analysis, composite
materials with higher strengths and moduli of elasticity
are expected to offer higher resistance to deformation
and better support to overlaying ceramic crowns which,
in turn, may reflect on crowns’ fracture resistance. This
explanation could support the recorded higher fracture
resistance of ceramic crowns supported with Filtek
7250 XT cores when compared to those supported
with Filtek P60 and Filtek P90 cores. D’Alpino
et alP and Bechtold et alP¥ also reported lower
degrees of conversion and lower mechanical properties
of silorane-based composite (Filtek LS) when compared
with a hybrid-filled methacrylate (Filtek P60). They
related their results to the difference in the materials’
filler types and loadings. Although their findings could be
contradicting with the finding of the current study that
indicated better support of the microhybrid silorane-based
composite cores for the overlaying crowns than the
hybrid-filled methacrylate-based cores, the difference
size, shape, and arrangement of filler particles within
the cured structure of both composite materials and the
amount of the existing inter-particular resin base may
attribute to and explain the recorded results.[343!

Higher fracture resistance of ceramic crowns was obvious
in all specimens restored with indirect chair-side cores
in Groups 4-6. Regardless the type of resin composite
employed, all indirectly polymerized post and cores were
almost equivalent in strength to restored natural teeth.
The noticed improvement (23% for Filtek Z250XT, 42%
for Filtek P60, and 27% for Filtek P90, respectively),
resulted in specimens having fracture resistance
comparable to (Filtek P60) or higher than (Filtek
7250 XT and Filtek P90) the control [Table 2]. This
significant improvement in the fracture resistance reflects
the potential for post-curing to provide improved support
to the overlaying ceramic crowns that, in this study,
reflected positively on their fracture resistance. This
postulation can be supported with the documented fact
that increased degree of conversion is observed following

post-curing application of heat, pressure, or high-intensity
light.***?! The increased degree of conversion together
with potential relief of internal shrinkage stresses has
often been reported to improve mechanical properties,
including the modulus of elasticity.?*4411 Almeida-Chetti
et al.® and Jacobsen and Darr!®! reported a significant
improvement in the modulus of elasticity of resin
composites subjected to post-curing treatment. That
improvement would consequently increase the resistance
of the indirect chair-side cores to deflection/deformation
under the applied occlusal forces. At the same time, it
was obvious that the tested specimens mostly showed
favorable/restorable mode of failure with no statistical
significant differences between different test groups.
This finding could be a true reflection of the ability
of composite core materials, regardless their mode of
polymerization, together with the fiber post to favorably
transfer the loading stresses throughout the restoration—
root complex.#4]

Although testing specimens under oblique occlusal
stresses could be relevant from a clinical point of
view, results of the current study implicated that the
indirect cores have the potential to optimize mechanical
properties of the composites tested and represent a viable
chair-side technique for build-ups prior to restoration
with e.max Press crowns.

CONCLUSION

Indirect composite cores improved the fracture
resistance of IPS e.max Press crowns when compared
to directly fabricated post and cores. The directly and
indirectly polymerized nanohybrid, methacrylate-based
composite (Filtek Z250 XT) cores yielded the highest
fracture resistance for the all-ceramic crowns used in this
study.
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