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ABSTRACT

Statement of the problem: Monolithic hybrid and glass ceramics are indicated for intracoronal
and extracoronal ceramic restorations. Available data regarding selection of the appropriate ceramic
type for each preparation design and its influence on fracture resistance of tooth restoration complex

is still scarce.

Purpose: The purpose of this study was to evaluate in vitro the fracture resistance and
investigate failure mode of two restoration designs (crowns and inlays) made from lithium disilicate

glass ceramic and hybrid ceramic constructed by the CAD /CAM technique.

Materials and Methods: A total of twenty ceramic restorations restoring lower molars were
designed and fabricated in this study. The restorations were divided into two groups; Group 1: Ten
full coverage crowns and Group 2: Ten inlays. Each of the previous groups was further subdivided
into two equal subgroups; Subgroup 1: Five restorations constructed from lithium disilicate glass
ceramics (e.max CAD) and Subgroup 2: Five restorations constructed from hybrid ceramic (VITA
ENAMIC) by the CAD/CAM technology. Two ivorine teeth were prepared following the guidelines
for full coverage and inlay ceramic restorations, they were duplicated into stone dies followed by
scanning, designing and milling of restorations. The stone dies were duplicated into epoxy dies
where the restorations were adhesively cemented on them. All cemented samples were exposed
to 2000 thermal cycles (5°C and 55°C in water) with a dwell time of 25 seconds in a computer
controlled thermocycler. All specimens were loaded in a universal testing machine where fracture
test was done by compressive mode of load applied occlusally using a metallic rod with round tip at
cross-head speed of 1mm/min until fracture occurred. Fracture resistance values were recorded in

Newtons then they were statistically evaluated and failure modes were analyzed.

Results: For group 1 representing crown restorations, a statistically significant difference was
found between (e.max CAD) and (VITA ENAMIC) subgroups at (p=0.05) where the highest mean
value of maximum load was found in (VITA ENAMIC) (951.77 N + 81.05) and the lowest mean

* Associate Professor, Fixed Prosthodontics Department, Faculty of Oral and Dental Medicine. Cairo University.
** Lecturer, Fixed Prosthodontics Department, Faculty of Oral and Dental Medicine. Cairo University.



(2772)

E.D.J. Vol. 63,No. 3

value of maximum load was found in (e.max CAD) (709.35 N+ 49.51). While for the second group
representing inlay restorations, no statistically significant difference was found between (e.max
CAD) and (VITA ENAMIC) subgroups at (p=0.307) where the highest mean value of maximum
load was found in (e.max CAD) (627.71 N + 80.01) and the lowest mean value of maximum load
was found in (VITA ENAMIC) (581.26 N+ 51.74). For the e.max CAD subgroup, a statistically
significant difference was found between (Crown) and (Inlay) groups at (p=0.005) where the
highest mean value of maximum load was found in the crown group (790.35 N+ 49.51) and the
lowest mean value of maximum load was found in the inlay group (627.71N + 80.01).Regarding
the VITA ENAMIC subgroup, a statistically significant difference was found between (Crown) and
(Inlay) groups at (p<0.001) where the highest mean value of maximum load was found in the crown
group (951.77 N + 81.05) and the lowest mean value of maximum load was found in the inlay group
(581.26N+51.74).

Conclusions: 1. All inlays and crowns constructed from hybrid and glass ceramics in this
study revealed fracture load values falling in the range of physiologic masticatory forces 2. When
considering restoration of molars with full coverage crowns, VITA ENAMIC is more preferred
than e.max CAD ceramic in terms of fracture resistance as it showed a higher statistical significant
mean values.3. When planning to restore molars with minimally invasive intracoronal restorations,
both ceramics can be used as there was insignificant statistical difference between them , however
e.max CAD can be recommended due to its more favorable mode of fracture compared to VITA
ENAMIC 4. Irrespective of preparation designs, both ceramics showed insignificant difference
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regarding fracture resistance mean values.

INTRODUCTION

Monolithic ceramic restorations are
recommended to a greater extent over bilayered
restorations, having the advantages of minimizing
complex construction techniques.Besides issues
associated with residual stresses at the core veneer
interface and delamination of the veneer are
eliminated in these single layered restorations! .
Unfortunately, brittleness remains a drawback and
main source of failure for several types of monolithic
restorations as reported by previous studies®?.
These failures can be abrupt and can cause not only
complete fracture of the bonded restoration but also
it can extend to the underlying tooth structure in a
pattern described as a catastrophic type. Lithium
disilicate glass-ceramics and hybrid ceramics are
common examples for these types of ceramics

indicated for extra and intra-coronal restorations.

The e.max CAD glass ceramic was developed
for CAD/CAM applications in 2006. The material
is supplied in partially crystallized form enclos-
ing metastable lithium disilicate crystals called the

blue block. Once milled in the blue stage, it is then
subjected to a crystalization process to reach its
final microstructure. This thermal treatment trans-
forms lithium metasilicate to lithium disilicate with
matching tooth color. The resulting ceramic resto-
ration attains a grain size of approximately 1.5 um
and a crystal volume of 70% lithium disilicate in-
corporated in a glass matrix. This machinable glass
ceramic reaches flexural strength of 360MPa ®,

A more recent approach to construct monolithic
restorations is to use hybrid ceramics that were lately
introduced to the dental market. These materials
are not pure resins or pure ceramics. They possess
the advantages of being cheaper, easier to mill and
repair than pure ceramic blocks ©. When compared
to direct resin composite material, they showed
improved mechanical and physical properties owing
to their industrial polymerization under standardized
high pressure and temperature, thus minimizing
their shrinkage. This resulted in CAD/CAM blocks
with reduced deficiencies and higher degree of
conversion. "2 VITA ENAMIC is an example of this
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type of hybrid blocks. It is composed of a sintered
ceramic matrix filled with a polymer material. The
percentage of the inorganic ceramic network is 86
wt%, while the organic polymer forms 14 wt%. This
mixture offers considerable advantages for the user.
For instance, the susceptibility to brittle fracture is
lowered than pure ceramics. Also excellent CAD/
CAM handling is achieved. 'V

Development and progress of adhesive dentistry
helped to a great extent in the introduction of
minimally invasive dentistry concept. Conservation
of vital tooth structure is a critical factor for long term
clinical prognosis of tooth restoration concept'4.
One of the minimal invasive concept applications are
the intracoronal restorations. Whenever indicated,
this restoration design offers several advantages
over the full coverage restorations including ease
in maintaining excellent periodontal health. Besides
cementation can be done with less hydrolytic
behavior, pulp’s health and tooth’s anatomical shape
are preserved !5'?. However, previous researches
addressed the ceramic bulk fracture as the most
common failure type for ceramic partial coverage
restorations. (%19

Since fracture strength is considered one of
the most important criteria for long-term clinical
prognosis of fixed restorations ©”, thus several
studies investigated the fracture strength of different
ceramic systems, however, the reported results
were highly variable®'®. In addition the number
of studies recommending the best ceramic material
used for different restoration designs in terms of
fracture resistance are scarce. Thus, the purpose
of this study was to evaluate in vitro the fracture
resistance and investigate failure mode of two
restoration designs (crowns and inlays) made from
lithium disilicate glass ceramic and hybrid ceramic
constructed by the CAD /CAM technique. The
question here arises whether similar fracture values
and patterns will appear in monolithic ceramics
for intra and extracoronal restorations and, if so,
which is considered to be the best material for each
restoration design?
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The null hypotheses of this study were as follows:

1. The restoration design would have no significant
effect on the fracture resistance and failure mode
of the two ceramic restorations.

2. Restorations made of hybrid ceramics would
have a significantly lower fracture resistance
values than those made of glass ceramics.

MATERIALS AND METHODS

A total of twenty ceramic restorations restoring
lower molars were designed and fabricated in this
study. The restorations were divided into two groups;
Group 1:Ten full coverage crowns and Group 2:
Ten inlays. Each of the previous groups was further
subdivided into two equal subgroups ; Subgroup 1:
Five restorations constructed from lithium disilicate
glass ceramics (e.max CAD) and Subgroup 2: Five
restorations constructed from hybrid ceramic (VITA
ENAMIC) by the CAD/CAM technology.

I) Dies construction:

Two ivorine teeth were prepared following
the guidelines for full coverage and inlay ceramic
restorations : one tooth resembling mandibular
second molar preparation for all-ceramic crown
having the following criteria: 1.2mm rounded
shoulder finish line, 6mm height on the buccal
and lingual surfaces, 4mm heigth on the proximal
surfaces and with total occlusal convergence angle

of 8 degrees.“?

The second ivorine tooth resembling a man-
dibular second molar preparation for all-ceramic
occluso-mesial inlay having the following criteria:
8 degrees total occlusal divergence, occlusal por-
tion of 6 mm mesiodistal length, 3 mm buccolingual
width and 2.5mm depth while the proximal box of
the inlay preparation had dimensions of 4mm height
for the axial walls, 1.5 mm width and 2mm height
of the gingival seat“). Preparations were carried
out by the aid of dental surveyor (NEY surveyor,
Dentsply, New York, USA).
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II) Fabrication of all ceramic restorations

The ivorine dies were duplicated using rubber
base impression material (Imprint 2, 3 M ESPE,
MN, USA) into dental stone (GC FujiRock: Type
4 dental stone, GC corporation, Tokyo, Japan) dies
used for fabrication of the CAD/CAM restorations.

a) Fabrication of e.max restorations:

Restorations were designed and milled with
a CAD/CAM “Cerec inLab” (Sirona
dental, Bensheim, Germany) according to the

system

manufacturer’s instructions from lithium disilicate
glass-ceramic blocks (IPS e.max CAD, Ivoclar
Vivadent, Schaan, Liechtenstein). Extraoral scanner
“inEos X5 scanner” (Sirona dental, Bensheim,
Germany) was used to capture optical impressions
of the stone dies. The software “Cerec Premium
S.W 4.2.5” was then used to complete the designing
process of the all ceramic crowns and inlays .
Scanning and design were performed by the same
clinician. Once this step was completed, the design
was electronically sent to the milling unit “Cerec
MCXL Premium”
Germany). The milling parameters were set to

(Sirona dental, Bensheim,
60um for the spacer. Final crystallization of IPS
e.max CAD restorations was performed after the
milling procedure following the manufacturer’s
instruction with crystallization temperature of 840
°C and the dwell time was 7 minutes. Finally ,the
restorations were glazed by the use of IPS e.max
Ceram Glaze Paste (Ivoclar Vivadent, Schaan,
Liechtenstein) with a standard cooling procedure .
The fit of the milled restorations was then checked
on their corresponding dies.

b) Fabrication of VITA ENAMIC restorations:

The same procedures were followed for
VITA ENAMIC restorations fabrication (VITA
Zahnfabrik, Germany) except that they were neither
crystallized nor glazed following their milling. The
restorations were polished using the Vita Enamic
clinical 2 step polishing Kit (VITA Zhanfabrik.
Germany) using the prepolishing instruments for
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a standardized time of 60 seconds at a speed of
8,000 rpm, followed by the high-gloss polishing for
another 60 seconds. All milled samples were then
checked for proper fit on their corresponding dies.

III) Duplication of the stone dies and adhesive
cementation of the restorations: (e.max CAD
and VITA ENAMIC)

The stone dies were duplicated into twenty epoxy
resin dies (Chemapoxy resin, CMB Chemicals,
Egypt). The restorations were checked once more
for proper fit on their corresponding expoxy resin
dies. The intaglio surfaces of the e.max CAD
restorations were etched with hydrofluoric acid
(IPS Ceramic etching gel; Ivoclar-Vivadent,
Schaan, Liestenstein) for 20 seconds, then rinsed
under running water for 40 seconds and then dried
for 30 seconds with oil free air. A silane-coupling
agent (Monobond S; Ivoclar Vivadent) was applied
and allowed to dry for 1 minute. The self adhesive
system G-cem (G-C corporation, Tokyo, Japan)
was used following manufacturer’s instructions
to cement the restorations to their corresponding
dies. Restorations were seated and cemented under
a constant load of 2 kg for 30 seconds using a
customized cementing device, and excess luting
material was removed. The light-polymerizing unit
(Elipar LED curing unit, 3M ESPE) was held on the
buccal, mesial, lingual, distal and occlusal surfaces
for 40 seconds each. The curing power was 1200
mW/cm?.

The exact same procedure was conducted for the
VITA ENAMIC restorations with the exception that
the hydrofloric acid etching time was 60 seconds.

Thermocycling and fracture resistance testing:

All cemented samples were exposed to 2000
thermal cycles (5°C and 55°C in water) with a
dwell time of 25 seconds in a computer controlled
thermocycler (Robota automated thermal cycle;
BILGE, Turkey). This then
followed by fracture resistance testing where the
samples were individually mounted on a computer

procedure  was



FRACTURE RESISTANCE AND FAILURE MODE OF TWO RESTORATION DESIGNS MADE

controlled materials testing machine (Model 3345;
Instron Industrial Products, Norwood, MA, USA)
with a load cell of 5 kN and data were recorded
using computer software (Instron® Bluehill Lite
Software). Samples were secured to the lower fixed
compartment of testing machine by tightening
screws. Fracture test was done by compressive
mode of load applied occlusally using a metallic
rod with round tip (5 mm diameter) attached to the
upper movable compartment of testing machine
traveling at cross-head speed of lmm/min. with tin
foil sheet in-between to achieve homogenous stress
distribution and minimization of the transmission
of local force peaks as shown in figure 1. The load
at failure was manifested by an audible crack and
confirmed by a sharp drop at load-deflection curve
recorded using computer software (Bluehill Lite
Software Instron® Instruments) The load required
to fracture was recorded in Newton.

Fig. (1) : Mounted samples loaded in the universal testing

machine for fracture resistance testing

The mode of failure was inspected visually and
under an stereomicroscope (Leica, Germany) at
magnification X12.5 and recorded for each fractured
sample. Mode of failure was categorized according

to the following criteria described by Burke®”
Type I: Minimal fracture or crack in restoration.
Type II: Less than half of restoration is fractured.

Type III: Half of restoration is fractured .
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Type IV: More than half of restoration is
fractured.

Type V: Severe fracture of die.

Statistical analysis:

The mean and standard deviation values were
calculated for each group and subgroup. Data were
explored for normality using Kolmogorov-Smirnov
and Shapiro-Wilk tests. Data showed normal
distribution (Parametric). Independent sample t-test
was used to compare between two groups in non-
related samples. Two-way Analysis of Variance
(ANOVA) was used in testing significance for
the effect of both restoration design and ceramic
The
significance level was set at P < 0.05. Statistical
analysis was performed with IBM® SPSS®
Statistics Version 20 for Windows.

materials on mean fracture resistance.

RESULTS

Data in table (1) shows the results of Two-way
ANOVA analysis for the effect of different variables
on mean fracture resistance. The results showed
that restoration design had a statistically significant
effect on mean fracture resistance at F-value
78.524 and P-value <0.001. Ceramic material has
no statistically significant effect at F-value 3.651
and P-value 0.074. The interaction between the
two variables had a statistically significant effect
on mean fracture resistance at F-value 11.937 and
P-value 0.003. Data in table 2 and figure 2 shows
the mean, standard deviation (SD) values of fracture
resistance (Newtons) in all groups and subgroups.

e Effect of ceramic material within each restora-
tion design:

For group 1 representing crown restorations,
a statistically significant difference was found
between (e.max CAD) and (VITA ENAMIC)
subgroups at (p=0.005) where the highest mean
value of maximum load was found in (VITA
ENAMIC) (951.77 N + 81.05) and the lowest mean
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value of maximum load was found in (e.max CAD)
(709.35 N+ 49.51).

While for the second group representing inlay
restorations, no statistically significant difference
was found between (e.max CAD) and (VITA
ENAMIC) subgroups at (p=0.307) where the
highest mean value of maximum load was found
in (e.max CAD) (627.71 N = 80.01) and the lowest
mean value of maximum load was found in (VITA
ENAMIC) (581.26 N+ 51.74)

* Effect of restoration design within each ceramic
material:

For the e.max CAD subgroup, a statistically
significant difference was found between (Crown)
and (Inlay) groups at (p=0.005) where the highest
mean value of maximum load was found in the
crown group (790.35 N+ 49.51) and the lowest
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mean value of maximum load was found in the inlay
group (627. 71N = 80.01)

the VITA ENAMIC

a statistically significant difference was found

Regarding subgroup,
between (Crown) and (Inlay) groups at (p<0.001)
where the highest mean value of maximum load
was found in the crown group (951.77 N = 81.05)
and the lowest mean value of maximum load was
found in the inlay group (581.26N+51.74)

* Effect of restoration design on fracture resis-
tance regardless of ceramic material:

A statistically significant difference was found
between (Crown) and (Inlay) groups at (p<0.001).
The highest mean value of maximum load was
found in Crown group (871.06 N+ 106.05) and the
lowest mean value of maximum load was found in
Inlay group (604.49 N+ 68.08)

TABLE (1): Two-way ANOVA results for the effect of different variables on mean fracture resistance

Source Type III Sum of Squares df Mean Square F Sig.
Design 355305.822 1 355305.822 78.524 000*
Material 16520.327 1 16520.327 3.651 074ns
Design x Material 54012.421 1 54012.421 11.937 003*

df: degrees of freedom = (n-1), *: Significant at P < 0.05

TABLE (2): The mean, standard deviation (SD) values of fracture resistance (Newtons) in all groups and

subgroups
Fracture resistance (Newtons)
Variables e.max CAD 95% CI VITA ENAMIC 95% CI p-value
Mean SD Lower Upper Mean SD Lower Upper
Crown 790.35 4951 728.87 851.83 951.77%® 81.05 851.13 1052.40 0.005%
Inlay 627.71°% 80.01 528.36 727.06 581.26" 51.74 517.02 645.50 0.307ns
p-value 0.005* <0.001%*

Superscripts with different small letters indicate statistically significance difference within the same column. Superscripts
with different capital letters indicate statistically significance difference within the same row.*; significant (p= 0.05) ns;

non-significant (p>0.05),
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Fracture resistance

e.max CAD VITAENAMIC

Crown Minlay

Fig. (2): Bar chart representing mean values of fracture
resistance (Newtons) in all groups and subgroups

¢ Effect of ceramic material on fracture resistance
regardless of restoration design:

No statistically significant difference was found
between e.max CAD and VITA ENAMIC subgroups
at (p=0.442). The highest mean value of maximum
load was found in VITA ENAMIC (766.51 Nz

Crown
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205.53) and the lowest mean value of maximum
load was found in e.max CAD (709.03 N = 106.22)

Failure modes characteristics were defined and
categorized by percentage according to Burke® as
shown in Table 3 and represented in Figure (3)

TABLE (3) Failure modes for the groups and
subgroups (%) under study:
Mode of failure %

Ceramic Restoration | I om | ox|Iiv | v
type design

e.max CAD Crown 40 | 20 | 20 | 20 0

Inlay 0 20 | 40 | 40 0

VITA Crown 60 | 20 | 20 0 0

ENAMIC Inlay 020 [20] 60| O

I: Minimal fracture or crack in restoration. II: Less than
half of restoration is fractured , I11: Half of restoration is
fractured , IV: More than half of restoration is fractured,
V: Severe fracture of die

Inlay

VITA ENAMIC

Fig. (3) Stereomicroscope images for fractured samples at magnification X12.5
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DISCUSSION

According to the results of this study, the first
null hypothesis stating that restoration design would
have no significant effect on the fracture resistance of
the two ceramic restorations had to be rejected since
the crown restorations group showed statistically
significant higher mean fracture resistance values
than the inlay restorations group. Also, the second
null hypothesis stating that hybrid ceramic
restorations would have a significantly lower
fracture resistance values than those restorations
made of glass ceramics was rejected as there was
no significant difference between them in the inlay
group while in the crown group, the glass ceramic
restorations showed a significantly lower fracture

resistance values than hybrid ceramic restorations.

Fracture resistance of all ceramic restorations
is a prime factor for clinical longevity of fixed
prostheses. ?® Since ceramics are being known with
their brittleness and low tensile strength properties,
thus various techniques were introduced to run
over this obstacle to allow their use safely in the
posterior region.?'* Adhesive bonding of ceramic
restorations to the underlying tooth structure is one
of the procedures that is adopted to increase the
fracture resistance of both ; the prepared tooth and
the restoration itself. 3" Fracture strength of the
ceramic tooth complex depends on many factors
related either to tooth as modulus of elasticity
of the supporting substructure, tooth preparation
design and surface roughness or related to the
restoration as ceramic microstructure, mechanical
properties and ceramic thickness or related to the
adhesive interface as properties of the luting agent
and residual stresses created in this layer as well as
damage caused by occlusal function. %37

Therefore, this in vitro study was conducted to
assess the failure mechanism of two commonly
used ceramic CAD/CAM materials where the
effect of the different preparation designs (crowns
and inlays) can be selectively tested under highly
standardized conditions.
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Although using natural teeth during in vitro

studies achieve more simulation to clinical
conditions and better bonding than using dies, yet
they usually have variable dimensions, structures
and storage time after extraction causing difficulties
in standardizing the abutments preparation.®®
Accordingly, they were not used in this study, instead
ivorine teeth were selected and prepared according
to guidelines set for teeth preparation to receive full
coverage and inlay restorations. ®-*? This was made
in an attempt to attain more homogenous results.
The prepared ivorine teeth were then duplicated
into stone dies in a trial to resemble the actual
procedure done during construction of ceramic

restorations.

The
restorations depends on modulus of elasticity of the

fracture resistance for all-ceramic
chosen abutment material.*> Previous researches
assessed the fracture strength of all ceramic
restorations @' -39 using metal 1464850 pragg, @+
3D acrylic resin “3-epoxy resin “*-3?, and dentin “”
as die materials. They suggested that ideally the
abutment material chosen for fracture resistance
testing should react elastically as natural dentin
does. “). In the present study , the load at fracture
for the ceramic restorations was done after their
adhesive cementation to epoxy resin dies due to their
close resemblance to dentine in terms of modulus of
elasticity. 437,

Thermal cycling was performed in our study as
a process representing laboratory simulation of the
restoration clinical service.®®

The number of cycles used was 2000 cycle
equivalent to 1 year clinical service.®” The
temperature range chosen was from 5°C to 55°C
according to previous studies®®) with a dwell time
of 25 seconds as shorter time would not result in the
desired thermal stress.”

Biting forces in the molar region were recorded
in range of 597 N to 847 N for young women and
men, respectively.®® Normal masticatory forces
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were reported to be from 37% to 40% of the biting
force.4 In the present study the mean fracture
resistance results ranged from 581.26 N to 951.77
N which is nearly within both the biting and
anticipated masticatory force ranges. This indicates
that mean fracture resistance values for all groups
and subgroups used in our research falls in average
range of masticatory forces.

When observing the results of the crown group,
VITA ENAMIC showed a statistically significant
higher fracture loads than e.max CAD crowns.
This can be explained by the synergistic behaviour
achieved between the polymer matrix of VITA
ENAMIC, adhesive system and resin cement used
having high resemblance in compositions leading
to superb bonding capacity to the underlying
substrate which in turn results in reinforcement
of the restoration die complex and is finally
reflected by increased fracture resistance values.
9 This explanation is based on previous studies
reporting that the fracture resistance and fracture
patterns of ceramic crowns are affected by ceramic
microstructure and bond strength at the ceramic
cement and tooth-cement interfaces. ©%¢” It may
also be due to the fact that polymer phase of hybrid
ceramics yield the crowns higher elastic properties
compared to other ceramic crowns. “® Thus hybrid
ceramics exhibit higher resiliency with more load
absorption during the process of loading, hence, the
fracture load is increased. “” This was in agreement
that similar

with previous studies

findings ©707).

reported

However, these results were in disagreement with
Zhang et al” who conducted their study on glass
and hybrid ceramic crowns and found no significant
difference between them in terms of fracture
resistance. This inconsistency might be due to
different restoration thicknesses, different bonding
protocols and lack of thermocycling simulation in
their study. Also the results were in confliction with
other studies >’ that evaluated flexural strength
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and fracture toughness of glass and hybrid ceramics
and showed higher results for the glass ceramics,
however, these studies were conducted on ceramic
discs without bonding which might be the reason
for inconsistency.

Although quantitative adhesive bond strength
was not tested in the present study, yet it was observed
that more VITA ENAMIC fragments still remained
on the epoxy dies after fracture loading compared to
e.max CAD fragments . Also when mode of fracture
was inspected, e.max CAD crowns showed a higher
percentage of debonding and fracture compared to
VITA ENAMIC crowns. Again this indicates that
increased bonding capacity can yield restorations
having higher fracture resistance values.

This was not the case in the inlay group, where
the e.max CAD ceramic had higher mean fracture
load values than VITA ENAMIC ceramic. Although
this difference was not significant yet it supports our
previous explanation concerning the effect of bond-
ing in increasing fracture resistance of polymer con-
taining ceramic materials since the inlays had limit-
ed bonding area compared to full coverage crowns.
" Besides the lower modulus of elasticity of VITA
ENAMIC compared to e.max CAD, the hybrid res-
toration might not be able to conform to the loss of
a proximal wall in large class 2 cavities and sustain
occlusal loading that might be established on tooth
restoration interface . These results were consistent
with previous study that showed no significant dif-
ference between glass ceramic and PMMA based
ceramic inlay restorations ® However, the results
of inlay group disagreed with Soares et al. ¥, who
reported a significant difference in fracture loads
of ceramic and polymer based inlays with the later
having higher values . This inconsistency in find-
ings might be due to using different ceramic com-
positions and bonding protocols. It was also noticed
from the fracture mode investigation that VITA EN-
AMIC inlays showed greater loss of the restoration
following fracture test compared to e.max CAD in-
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lays, this gives a clue that increasing thickness and
bonding area of the hybrid ceramics improves their
fracture resistance due to their lower rigidity com-
pared to glass ceramics 98

Results regarding the effect of restoration
design for both materials revealed that the crown
restorations had statistically significant higher
values compared to inlays. This may be referred to
the fact that the full coverage restorations shows a
more favorable stress distribution pattern mainly
due to the increased bulk of material as well as
increased bonding area . Also additional support can
be gained from circumferential cervical margins of
the crowns causing minimizing deflection during
load application ®"

This study has some limitations. The fracture load
applied to the restoration during testing was vertical
and do not imitate clinical loading situation having
vertical and lateral components due to limitations
of loading device. Also resin dies were used instead
of natural teeth for purpose of standardization.
However, they are not identical to dentine in
terms of microstructure, bonding mechanism and
mechanical strength. Finally, clinical research is
needed to determine the impact of more complex
oral environmental conditions on mechanical
properties of different ceramic restorations inspite
of difficulty of standardization and controlling the
variables

CONCLUSIONS

Within the limitations of this study, it was
concluded that:

1. All inlays and crowns constructed from hybrid
and glass ceramics in this study revealed fracture
load values falling in the range of physiologic
masticatory forces

2. When considering restoration of molars with
full coverage crowns, VITA ENAMIC is more
preferred than e.max CAD ceramic in terms
of fracture resistance as it showed a higher
statistical significant mean values.
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3. When planning to restore molars with minimally
invasive intracoronal restorations, both ceramics
can be used as there was insignificant statistical
difference between them, however, e.max CAD
can be recommended due to its more favorable
mode of fracture compared to VITA ENAMIC.

4. Irrespective of preparation designs, both ceram-
ics showed insignificant difference regarding
fracture resistance mean values.
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