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ABSTRACT
Background: This in vitro study evaluated the fracture resistance of weakened endodontically treated premolars with
class II MOD cavities restored with different composite restorations (Low-shrinkage Filtek P90, nanohybrid Filtek Z250 XT
and SDR bulk fill). The type and mode of fracture were also assessed for all the experimental groups.
Materials and Method: Fifty human adult maxillary premolar teeth were selected for this study. Standardized
extensive class II MOD cavities with endodontic treatment were prepared for all teeth, except those that were saved
as intact control. The teeth were divided into five groups of ten teeth each (n=10): (Group 1) intact control group,
(Group 2) unrestored teeth with endodontic treatment, (Group 3) restored with (Filtek Z250 XT), (Group 4) restored
with SDR bulk-fill flowable composite and (Group 5) restored with Filtek P90 composite. All specimens were subjected
to compressive axial loading until fracture in a universal testing machine. The data were statistically analyzed using
one-way ANOVA test and LSD test. Macroscopic fracture type were observed and classified into favorable and
unfavorable. Specimens in group 3, 4 and 5 were examined by stereomicroscope at a magnification of 20× to
evaluate the mode of failure into adhesive, cohesive or mixed.
Results: The mean fracture load was (1.123 Kn) for group 1, (0.545 Kn) for group 2, (0.687 Kn) for group 3, (0.799 Kn) for
group 4 and (0.672 Kn) for group 5. Using one way ANOVA test a highly significant difference (P < 0.01) were found
among all groups. The use of bulk-fill flowable composite improved the fracture resistance significantly in comparison
to silorane and non-significantly to Filtek Z250 XT. Filtek Z250 XT showed better improvement in fracture resistance but
with no significant differences in comparison to Filtek P90 composite restorations. The type of failure was unfavorable
for all the restored groups.
Conclusion:All experimental composite restorations showed significant improvement in the resistance to cuspal
fracture in comparison to unrestored one. However, under the conditions of this study, direct composite restorations
should be considered as a valid interim restoration for weakened endodontically treated teeth before cuspal
coverage can be provided.
Key words: Fracture resistance, endodontically treated teeth, Filtek Z250 XT, SDR. (J Bagh Coll Dentistry 2014; 26(1):715).

Adhesive
dentistry
has
considerable
advantages in the treatment of weakened tooth
structure (7). The possibility of establishing
adequate adhesion between tooth structure and
restorations through adhesive materials may
eliminate the need for extending cavity
preparations to cover cuspal areas to prevent
future tooth fracture (8,9). The choice of materials
selected for intracoronal restoration of
endodontically treated teeth plays an important
role in tooth longevity. Recently, SDR restorative
material designed to be used as a base in class I
and class II restorations. It has handling
characteristics typical of flowable composite, but
can be placed in 4 mm increments with minimal
polymerization stress. It is designed to be overlaid
with methacrylate based universal posterior
composite replacing missing occluso-facial
enamel (10). Further, silorane containing resin was
recently introduced as an alternative lowshrinkage
material.
The
subsequent
polymerization shrinkage of these silorane-based
composites has been reported to be significantly
less than that of conventional RBC materials
(11,12). In addition, methacrylate-based Filtek Z250
XT was recently introduced as a nanohybrid
universal restorative composite with high filler

INTRODUCTION
Esthetic dentistry continues to evolve through
innovation in bonding systems, restorative
materials, and conservative preparation designs.
Increased use of composite resin materials for the
restoration of the posterior dentition has drawn
attention to technological advances in this field. A
stable and durable bond between dental materials
and tooth substrates is important from both a
mechanical and esthetic perspective (1). Such
materials not only seal the margin, but several
studies have also shown that the use of adhesive
materials can reduce the weakening effect of
preparation designs (2,3).
Tooth fracture has been described as a major
problem in dentistry, and is the third most
common cause of tooth loss after dental caries and
periodontal disease.(4)Root-filled teeth are at
increased risk of fracture; caries and excessive
removal of dentine during root canal treatment,
rather than low moisture content and increased
brittleness reduce tooth strength (5). Loss of axial
dentine walls, which is common in teeth requiring
root filling, greatly weakens teeth (6).
(1)Master student, Department of Conservative Dentistry, College
of Dentistry, University of Baghdad.
(2) Professor, Department of Conservative Dentistry, College of
Dentistry, University of Baghdad.

Restorative Dentistry

7

J Bagh College Dentistry

Vol. 26(1), March 2014

loading and improved mechanical properties and
clinical performance (13).
So this study was conducted to evaluate the
ability of these new restorative composite
materials to restore the strength of weakened
endodontically treated premolars.

Group 2: a class II mesio-occluso-distal (MOD)
cavity was prepared with extensive
endodontic access cavity involving the
removal of the axial dentin. Endodontic
treatment was completed and the MOD
cavity left unrestored.
Group 3: a class II MOD cavity and endodontic
treatment were prepared as in group 2
and restored with resin based composite
(Filtek Z250 XT) (3M ESPE) using
horizontal
incremental
layering
technique.
Group 4: a class II MOD cavity and endodontic
treatment were prepared as in group
2and restored with SDR (Dentsply,
Detrey) as a flowable base up to 2 mm
below the cavity margin and covered
with Filtek Z250XT composite.
Group 5: a class II MOD cavity and endodontic
treatment were prepared as in group 2
and restored with silorane-based low
shrinkage dental composite (Filtek P90)
(3M
ESPE)
using
horizontal
incremental layering technique.

MATERILS AND METHODS
Teeth selection
Fifty sound upper first premolar teeth with
single root extracted for orthodontic purposes
were used in this study. Teeth were stored in 0.1
vol% thymol solution for 48 h (14). Then in
distilled water at room temperature (15,16). Teeth
storage lasted for a maximum of 3 months before
samples were chosen for the study (17-19). Teeth of
comparable size and shape were selected by
crown dimensions after measuring the
buccolingual and mesiodistal widths in
millimeters (20,21). Then the teeth were assigned
into five groups (n = 10). Once each tooth size
was determined the BLW means were calculated
for each group. The mean BLW of each group
was different by no more than 5% from the other
groups (22-25). Radiographs were taken in the
mesio-distal dimensions. Teeth were determined
with two canals were selected for the study (26).
Teeth mounting
To simulate the periodontal ligament, root
surfaces were marked 2 mm below the cementoenamel junction CEJ and covered with a 0.6 mm
thick foil (Adapta foil, Bego, Germany) (27). Each
tooth was embedded in a block of self-cured
acrylic resin (Vertex, Switzerland) in plastic
cylinders (2.5cm×2.5cm). The teeth were
embedded along their long axes using a surveyor.
After the first signs of polymerization, teeth were
carefully removed manually from the resin blocks
(28). The acrylic covered the roots to within 2 mm
of the CEJ, to approximate the support of alveolar
bone in a healthy tooth (6,29). In order to simulate
periodontal ligament, the Adapta (foil) were
removed from the root surface. A light body
addition silicone impression material (Aquasil LV
Utra, Dentsply) was injected into the acrylic resin
blocks in the site that was previously occupied by
the tooth root and adapta foil, and the teeth were
reinserted into the resin cylinders. A standardized
silicone layer that simulated periodontal ligament
was thus created taking the thickness of the foil
(27).
Sample grouping
The teeth were randomly divided into five
groups (10 teeth in each group) according to the
type of the restorative material that was used:
Group 1: sound control group.
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Cavity preparation
All of the teeth, except for group 1 which
served as intact control, received MOD cavity
preparation by the aid of a modified dental
surveyor with no proximal steps and flat floor (30).
The dimensions of the cavity preparations were
such that remaining tooth structure was
weakened. The bucco-lingual width of the
occlusal isthmus and the proximal boxes was one
half of the intercuspal width. Cavity floor was
prepared (1 mm) coronal to the CEJ and the total
depth of the cavity was (5-6 mm) measured from
the cavosurface margin of the palatal cusp. The
cavo-surface margins were prepared at 90.
Consistency in cavity preparation was ensured by
parallel preparation of the facial and palatal walls
of the cavity (6).
Endoontic treatment
Endodontic access cavity was prepared, any
access cavity wider than the width of the cavity
(1/2 the intercuspal distance) was discarded.The
teeth were held in moist gauze to prevent
dehydration (31). Root canals were instrumented
initially using stainless steel K-files #10 and 15,
followed by rotary Ni-Ti instruments (ProTaper,
DentsplyMaillefer) using crown-down technique.
For standardization purposes, all canals were
instrumented up to size F1(32,33). Then the canals
were filled by matching size Protaper gutta-percha
points using resin-based sealer (ADSEAL, META
Biomed). A resin based sealer was used to avoid
the detrimental effect of eugenol-based sealers on
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polymerization of composites (34). Chemical cured
glass-ionomer restorative material (Riva self cure, SDI, Austria) was used to seal the access
cavity up to the level of the pulpal floor (35, 36).
Restorative procedure
Group 3 (Filtek Z250 XT)
In this group, teeth were restored with
nanohybrid methacrylate-based Filtek Z250 XT
resin composite. A self-etch adhesive (Adper
Easy Bond Self etch adhesive, 3M ESPE) was
used to bond the restorative material to the cavity
walls. The entire cavity was restored
incrementally
with
horizontal
placement
technique. Each increment was light cured by
LED curing device for 20 seconds according to
the manufacturer′s instructions.
Group 4 (Bulk-fill SDR)
In this group, teeth were restored with a
combination of a flowable base of bulk-fill SDR
(Dentsply-Detrey) and Filtek Z250 XT resin
composite. A self-etch adhesive (Adper Easy
Bond) was used to bond the restorative material to
the cavity walls. The SDR restorative material
was placed in the cavity up to 4mm and light
cured according to the manufacturer instructions
for 20 seconds by LED curing device (LITE Q,
Monitex). As the cavity was filled with the bulkfill flowable base, the restoration was completed
by replacing the remaining part of the cavity (1-2
mm) with one increment of Filtek Z250 XT and
with one exposure.
Group 5 (Filtek P90)
In this group, teeth were restored with low
shrinkage, Silorane-based, posterior restorative
composite (Filtek P90, 3M ESPE, USA). Silorane
system adhesive (P90 system adhesive, 3M ESPE
AG, Germany) was used to bond the restoration to
tooth structure. The adhesive system (P90 system
adhesive) was applied according to the
manufacturer’s instruction. Then, the restoration
was built up using horizontal incremental
technique with low shrinkage, Silorane-based,
posterior restorative composite (Filtek P90, 3M
ESPE). Each increment was no more than 2 mm.
Each increment was light-cured for 40 seconds
using a LED curing device according to the
manufacturer instructions.
After finalizing samples restoration, all the
specimens were finished with diamond finishing
burs and polished with cups and points using
composite polishing paste (SDI, Austria). All the
specimens were stored after preparation and
restoration in an incubator at 37 Cº for one week,
at 100 % relative humidity in deionizedwater
before testing. Placing specimens in water for one
week is enough for composite to reach maximum
stage of equilibrium of water sorption (37).
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Mechanical testing
All specimens were subjected to compressive
axial loading until fracture in a computer
controlled universal testing machine (WDW 2006,
China). The crosshead speed was 0.5 mm/minute.
A steel bar (8 mm in diameter) was placed at the
center of the occlusalsurface and applied in
parallel to the long axis of the tooth and to the
slopes of the cusps (rather than the
restoration).(14)All samples were loaded until
fracture while maximum breaking loads were
recorded in Kilo Newton (Kn) by a computer
connected to the loading machine.
Assessment of fracture type and mode
Macroscopic fracture patterns were observed
after ink perfusion of each sample for 5 min.
Photographs were taken using a digital camera to
determine type of fracture (29). Further the type of
failure was also determined and categorized as
favorable and unfavorable fractures. Unfavorable
fracture was denoted if the fracture line was
below the CEJ extending to the radicular portion.
On the other hand, favorable fracture was denoted
if the fracture line above the CEJ (32). The mode of
failure was assessed into adhesive mode in which
the failure occur at tooth\restoration interface,
cohesive mode in which the failure occur within
the restoration and mixed mode of failure in
which the failure was both adhesive and cohesive.
The mode of failure was evaluated under a
stereomicroscope at a magnification of 20× (6).

RESULTS
Fracture resistance values of all experimental
groups
The mean values, standard deviation (SD) and
the percentage of increase and decrease in
strength are presented for each group in (Table1).
In this study, intact sound teeth (Group 1)
presented the highest mean value (1.1235 Kn),
whereas prepared but unrestored teeth with
endodontic treatment (Group 2) showed the least
fracture strength (0.5454 Kn).

Table 1: Mean values, standard deviation
(SD) and percentage of reduction and
increase in strength for each group

9

Group

Mean

SD

Group 1
Group 2
Group 3
Group 4
Group 5

1.123
0.545
0.687
0.799
0.672

.217
.087
.132
.128
.042

Percentage
of
reduction
in strength
51.45
38.79
28.88
40.13

Percentage
of
increase in
strength
100
61.21
71.12
59.87
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The results of this study showed that the
percentage of reduction in strength for the
prepared unrestored teeth group was the highest
(51.45%) among the other experimental groups.
On the other hand, regarding restored groups, the
percentage of increase in strength was the highest
for teeth restored with SDR (Group 4) (71.12%)
in comparison with teeth restored with Filtek
Z250 XT (Group 3) (61.21%) and those restored
with Filtek P90 (Group 5) (59.87%).ANOVA test
revealed that there was a statistically highly
significant difference among all groups (P <
0.01), (Table 2). Therefore, least significant
difference (LSD) test was used to evaluate the
significance of difference between groups at a
level of significance of (0.05).

Fracture type and mode
The results of this study showed that intact
sound teeth (Group 1) had 8 samples with
favorable fracture type and 2 samples with
unfavorable type. Whereas other groups like
group 3, group 4 and group 5 had 9 samples
presented unfavorable fracture type and 1 sample
with favorable fracture. In addition, all 10
samples of group 2 had unfavorable fracture type
(Table 4).

Table 4: Type of fracture in the study
Group
Group 1
Group 2
Group 3
Group 4
Group 5

Table 2: ANOVA test
Between
groups
Within
groups
Total

Sum of
squares

df

Mean
square

1.924

4

.481

.816

45

.018

2.740

49

F-test

26.532

Pvalue

.000

Group 1
(Control)
Group 2
(Unrestored Teeth)
Group 3
(Filtek Z250 XT)
Group 4 (SDR)
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P-value
.000
.000
.000
.000
.023
.000
.040
.071
.804
.041

Total
10
10
10
10
10

Table 5: Mode of fracture in the study
groups
Group
Group 3
Group 4
Group 5

Fracture mode
Adhesive Cohesive Mixed
9 (90%)
1 (10%)
9 (90%)
1 (10%)
1 (10%)
1 (10%) 8 (80%)

Total
10
10
10

DISCUSSION
In this in vitro study the fracture resistance and
fracture pattern of endodontically treated
premolars with weakened class II MOD cavities
restored with different composite restorations
have been evaluated. Maxillary first premolars
were chosen for this study because the cuspal
inclines render them more susceptible to force that
may promote cusp fracture (26). Mesio-occlusal
distal (MOD) cavities were prepared in this study
to simulate a situation that is often found
clinically and has been extensively reproduced in
other clinical studies. The general effect of MOD
cavity preparations is the creation of long cusps,
thus there is a need for a restoration that not only
replaces the tooth structure, but also increases
thefracture resistance of residual tooth and
promotes effective marginal sealing (38).

Table 3: LSD test
Std. Error
.0602
.0602
.0602
.0602
.0602
.0602
.0602
.0602
.0602
.0602

Fracture type
Favorable Unfavorable
8 (80%)
2 (20%)
0
10 (100%)
1 (10%)
9 (90%)
1 (10%)
9 (90%)
1 (10%)
9 (90%)

Fracture mode
As presented in table (5), teeth restored with
FiltekZ250 XT (Group 3) and those with SDR
(Group 4) exhibited 9 sampleswith adhesive mode
of failure and only one with cohesive failure.
However, those restored with Filtek P90 (Group
5) presented 1 samplewith adhesive failure, 8
samples with mixed type of failure and 1 sample
with cohesive type of failure.

LSD test showed that there were statistically
highly significant differences (P < 0.01) between
the unprepared and all prepared teeth, either
restored or unrestored. Additionally, there were
significant differences in fracture resistance
between the prepared, unrestored teeth group
(Group 2) and all the restored teeth groups (P <
0.05). On the other hand, no significant difference
in fracture strength was noted when comparing
teeth restored with Filtek Z250 XT (Group 3) to
those restored with SDR (Group 4) and Filtek P90
(Group 5) (P > 0.05). However, a significant
difference was existed between teeth restored with
SDR (Group 4) and those restored with Filtek P90
(Group 5) (Table 3).

(I) factor

Fracture resistance of

Sig.
HS
HS
HS
HS
S
HS
S
NS
NS
S
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Each specimen was subjected to compressive
axial loading until fracture using a universal
testing machine. In this study, the applied force
speed was 0.5 mm/min. It was stated that lower
speeds are accompanied by greater plastic
deformation and, thus, higher fracture resistance
measurements will be recorded (39). The choice of
load direction (parallel to the long axis of the
tooth) was also designed to simulate physiological
function and to obtain a degree of non-axial
loading through existing occlusal contact
variations (29). In which during function the
occlusion generates non-axial forces resolved into
their vectors along the cuspal side. So the load
was applied along the long axes to distribute
stresses more evenly between the residual dental
tissues and the restorative material simulating a
physiologic occlusion (40).
Fracture resistance among all experimental
groups
Intact teeth (Group 1) presented the highest
mean fracture load (1.1235 Kn). A statistically
high
significant
difference
with
other
experimental groups was existed. This may be due
to the presence of the palatal and buccal cusps
with intact mesial and distal marginal ridges
which form a continuous circle of dental structure,
reinforcing the tooth (41, 42). On the other hand,
prepared unrestored teeth with endodontic
treatment (Group 2) presented the least mean
fracture resistance value (0.545 Kn) and the
highest percent of reduction in strength (51.45%)
with significant difference when compared with
the other groups. This may be due to the type and
quality of the remaining tooth structure, especially
the cusps and marginal ridges which form a circle
of dentin and enamel, which has an influence on
fracture resistance. Due to endodontic treatment
with MOD cavity preparations, the strength of the
tooth was considerably reduced; therefore, when
forces are applied they act as a wedge between the
buccal and lingual cusps in non-restored teeth;
thus, decreasing the mean fracture resistance
values and promoting more catastrophic types of
fractures (43).
In this study, it is clearly seen that all
composite resin restored teeth displayed improved
fracture strength than the prepared but unrestored
teeth group with endodontic treatment which
presented (0.5454 Kn) mean value. These findings
may be due to the ability of adhesive composite
restorations to transmit and distribute functional
stresses through restorative material-tooth
interface due to mechanical interlocking of resin
with peritubular/intertubular dentin and hybrid
layer formation, with the potential to reinforce the
weakened tooth structure.(42-44)Teeth restored with
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Filtek Z250 XT (Group 3) showed (0.6876 Kn)
mean fracture load and (61.21%) percent of
increase in strength with a significant increase in
fracture strength when compared with group 2.
These findings may be attributed tothe high filler
loading of Filtek Z250 XT (81.8 wt.%, 67.8
vol.%). Besides, Filtek Z250 XT has
silica/zirconia clusters “nanoclusters” with
average filler size 0.1-10 microns and 20 nm
surface modified silica (13).
It was stated that higher filler loading
reduces volumetric shrinkage and minimizes the
development of shrinkage stresses in RBCs. This
was attributed to the reduction in the amount of
resin, thereby reducing the component responsible
for shrinkage (45, 46). Furthermore, it was
concluded that the use of low shrinkage
composite restorations significantly strengthen
maxillary premolars with MOD preparations
under compression loadings (25). The presence of
nanocluster provides increased mechanical
properties and improves the damage tolerance and
enhances the longevity of nanocluster RBC
restorations (47-49). In this research, the fracture
load of teeth restored with Filtek Z250 XT (Group
3) (0.6876 Kn) was higher than that of those
restored with Filtek P90 (Group 5) (0.6726Kn).
Additionally the percentage of increase in strength
of teeth restored with Filtek Z250 XT (Group 3)
was higher than those restored with Filtek P90
(Group 5). This may be due to the differences in
the filler loading and type. The filler loading of
Filtek Z250 XT restorative system which is higher
than that of Filtek P90 (76 wt. %, 55 vol.%). In
addition, Filtek Z250 XTcomposite material has
silica/zirconia clusters “nanoclusters” with
average filler size 0.1-10 microns and 20 nm
surface modified silica in comparison with the
spherical filler particles of Filtek P90 (0.1-2 μm)
(13). It was reported that if filler contents were
increased with decreasing particle size and interparticle spacing, this would increase the fatigue
limit due to increased obstacles for crack growth
(50). In addition, it was concluded that nanocluster
particles possess different mechanical properties
compared with filler particles possessing a
spheroidal or irregular morphology. Additionally,
the incorporation of nanoclusters particles into a
conventional resin matrix may modify the
subsequent failure mechanisms and provide
enhanced
damage
tolerance
unique
to
nanoclusters reinforced RBCs (51).
In this study, the mean fracture load for teeth
restored with SDR was (0.799 Kn) which was the
highest among the restored groups with no
significant difference in comparison to group 3
(Filtek Z250 XT). The percentage of increase in
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strength was (71.12%) which is the highest in
comparison with the other restored groups. These
findings may due to the elastic buffer effect of
using a low-viscosity flowable composite. It was
determined that polymerization shrinkage and the
concomitant stresses upon the restoration-tooth
interface have an influence upon the final
outcome
of
extensive
composite
resin
restorations. In which the shrinkage stress
generated by a subsequent layer of higher
modulus resin composite can be absorbed by an
elastic intermediary layer, thereby reducing the
stress at the tooth-restoration interface manifested
clinically as a reduction in cuspal deflection (52).
Further, the results of this study showed that there
was a significant difference existed between teeth
restored with SDR (Group 4) and those restored
with Filtek P90 (Group 5). These findings may be
attributed to the elastic buffer effect of using low
viscosity
flowable
composite
and
the
characteristic low contraction stress and low
modulus of elasticity of SDR flow in comparison
with silorane restorative material which had only
low polymerization shrinkage. It was stated that
SDR flow achieved significantly lowest
contraction stress (1.1±.01MPa) in contrast to
silorane-based
composite
(3.6±.03MPa).
Moreover, the elastic modulus of SDR flow (9.2
MPa) was lower than that of Filtek P90 (12.5
MPa) (53, 54). Besides, it was stated that the flexural
modulus of Filtek P90 (7.9 MPa) is higher than
that of SDR flow (4.9 MPa) (53). Moreover it was
postulated that high flexural modulus has been
identified to inhibit the ability of a material to
resist deformation due to loading and the
accumulation of surface and bulk defects resulting
in premature failure (55, 56).
In this study, the mean load value of teeth
restored with Filtek P90 (Group 5) was the lowest
among the restored groups (0.6726 Kn) and the
percentage of increase in strength (59.87%) was
the lowest in comparison with restored teeth
groups. However, group 5 had a significant
increase in fracture strength when compared with
the unrestored group 2. It was reported that
restoration with Filtek P90 improved the fracture
strength of endodontically treated teeth in
comparison with unrestored teeth (42).This may be
due to the strengthening effect of adhesive
restoration which was discussed previously, in
addition to the low polymerization shrinkage
features of silorane-based composite restorations
(57).Additionally, the low mean value of fracture
load of Group 5 may be due to the high flexural
modulus of silorane (55, 56)
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Fracture type and mode
Based on the findings of this study, 80% of the
samples in the intact control group (Group 1)
presented favorable fracture type. However, all
the samples in the unrestored teeth group (Group
2) presented unfavorable fracture type (100%).
These findings may be due to the presence of the
palatal and buccal cusps with intact mesial and
distal marginal ridges in the control group and the
weakening effect of cavity preparation and
endodontic treatment in unrestored teeth with
endodontic treatment which was discussed
previously.
In this study, it was revealed that 90 % of the
samples of teeth restored with Filtek Z250 XT
presented unfavorable type of fracture. In
addition, the majority of the samples in this group
(Group 3) presented adhesive type of failure
(90%). This may be due to that Filtek Z250 XT
characterized by high compressive strength (385
MPa) and fracture toughness (2.03 MPa m1/2)
(13). It was stated that high compressive strength
materials translate to sustained resistance against
a heavy load, especially when used as a posterior
restoration (58). Further, the fracture toughness
represents the material’s ability to be plastically
deformed without fracture, or the amount of
energy required for fracture and it also represents
the material’s ability to resist crack propagation
(59). Therefore, Filtek Z250 XT may have a higher
resistance to crack propagation, so the failure
occurred at the weakest link which is the
tooth/composite interface. In addition, self-etch
adhesive exhibits a weak hybrid layer, which is
generally accompanied by a weak adhesive layer
which may explain the high percentage (90%) of
adhesive failure in teeth restored with Filtek Z250
XT (Group 3) (14). However, these findings should
be supported by scanning electron microscope
(SEM) to evaluate the failure point whether it
isbetween the restoration and bonding, bonding
and the tooth or within the adhesive layer.
In this study, the majority of the teeth restored
with SDR (Group 4) presented 90% with
unfavorable type of fracture. Moreover, 90% of
the samples presented adhesive mode of failure.
As discussed previously, SDR restorative material
is characterized by low elastic modulus (9.5 MPa)
(53)
which may explain the higher load values
among the restored groups. However, the low
elastic modulus may explain the severity of
fracture type presented in this group. In which the
stresses in the compression test were transmitted
to the adjacent tooth structure. This may in turn
results in the concentration of stresses in the inner
dentine and occurrence of unfavorable fracture. It
was concluded that the higher the elastic modulus
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of the restorative material when the joint of
restorative material / dental structure is stressed,
the lower the deformation of dental structures. In
contrast, the low elastic modulus of composite
resin promoted less restoration stiffness and a
greater distribution of stresses produced by the
compression test to adjacent tooth structure which
resulted in catastrophic type of fracture (43).
Additionally, the weak adhesive layer of self-etch
adhesive that used in this study may explain the
high percentage (90%) of adhesive failure in this
group (14). However, these findings should be
further investigated by the aid of SEM.
On the other hand, teeth restored with Filtek
P90 (Group 5) presented 90% of the samples with
unfavorable type of fracture. The majority of the
samples (80%) exhibited mixed mode of failure.
These findings may be dueto the inability of
silorane-based restorative material to resist crack
propagation and to plastically deform before
fracture under compressive loading. These
findings may also be due to the effect of low
fracture toughness of silorane (1.64 MPam1/2)
(58).Additionally, it was revealed that the silorane
polymerization starts with the initiation process of
an acidic cation that opens the oxirane ring and
generates a new carbocation, subsequently, chain
propagation and cross-linking polymerization
follows (57). However, during this process, the
acidic Si–OH groups on the quartz-filler particles
can potentially result in an undesired initiation of
the cationic polymerization process. This
unwanted process can increase the overall number
of impure pockets of unreacted oxirane monomers
and can potentially induce failure of the material
when subjected to a compression stress (60).
In addition to the effect of low fracture
toughness, the occurrence of high percentage
(80%) of cohesive failure may be due to the low
compressive strength property (254 MPa) of
(58).
silorane-based
restorative
material
Furthermore, it was recognized that the ringopening polymerization of the silorane is cationic
reaction and that no oxygen inhibition layer exists
on the surface of the composite after
polymerization in air which plays a very
important role in adhesion between successive
resin layers (61). It was stated that a decrease in
shear bond strengthbetween the layers in the
silorane composite and an increase in the cohesive
failure was noted between those successive layers
(61). These findings may explain the high
percentage (80%) of cohesive mode of failure in
teeth restored with Filtek P90.
Finally, based on the findings of this study and
in term of fracture resistance, resin composite
restoration of weakened endodontically treated
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premolars provides some strengthening effect;
however, the dependence on this type of
restorations resulted in unrestorable fracture type.
Perhaps direct restorations should be considered
as a valid interim restoration for weakened root
filled teeth before cuspal coverage can be
provided. Furthermore, this restoration is material
dependent, which must be taken in consideration
in the selection of appropriate composite material
that could enhance the fracture resistance of
endodontically treated teeth.

REFERENCES
1. De Munck J, Van Landuyt K, Peumans M, Poitevin A,
Lambrechts P, Braem M. A critical review of the
durability of adhesion to tooth tissue: methods and
results. J Dent Res 2005; 84: 118-32.
2. Cotert HS, Sen BH, Balkan M. In vitro comparison of
cuspal fracture resistances of posterior teeth restored
with various adhesive restorations. Int J Prosthodont
2001; 14: 374-8.
3. Rasheed AA. Effect of bonding amalgam on the
reinforcement of teeth. J Prosthet Dent 2005; 93: 51-5.
4. Ellis SG, McCord JF, Burke FJ. Predisposing and
contributing factors for complete and incomplete tooth
fractures. Dent Update 1999; 26:150–52, 156–58.
5. Papa J, Cain C, Messer HH. Moisture content of vital
vs endodontically treated teeth. Endod Dent Traumatol
1994; 10: 91–3.
6. Taha NA, Palamara JE, Messer HH. Fracture strength
and fracture patterns of root filled teeth restored with
direct resin restorations. Dent Mat 2011; 39: 527-35.
7. Furukawa K, Inai N, Tagami J. The effects of luting
resin bond to dentin on the strength of dentin
supported by indirect resin composite. Dent Mater
2002; 18: 136-42.
8. St-Georges AJ, Sturdevant JR, Swift EJ Jr, Thompson
JY. Fracture resistance of prepared teeth restored with
bonded inlay restorations. J Prosthet Dent 2003; 89:
551-7.
9. Krejci I, Duc O, Dietschi D, de Campos E. Marginal
adaptation, retention and fracture resistance of
adhesive composite restorations on devital teeth with
and without posts. Oper Dent 2003; 28: 127-35.
10. Dentsply. SDR Scientific Compendium 2011; 1-86.
11. Braga RR, Ferracane FL. Alternatives in
polymerization contraction stress management. Critic
Rev Oral Biol Med 2004; 15: 176-84.
12. Eick J, Kotha S, Chappelow C, et al. Properties of
silorane-based dental resins and composites containing
a stress-reducing monomer. Dent Mater 2007; 23:
1011-17,
13. 3M ESPE. Filtek™ Z 250XT Nano Hybrid universal
restorative. Technical data sheet 2011.
14. Kikuti WY, Chaves FO, Di Hipólito V, Rodrigues FP,
D’Alpino PHP. Fracture resistance of teeth restored
with different resin based restorative systems. Braz
Oral Res 2012; 26(3): 275-81.
15. Jacinta MM, Santos V, Barroso R. Fracture resistance
of maxillary premolars restored with direct and
indirect adhesive techniques. J Canad Dent Assoc
2005; 71(8):585-585.
16. Abdo SB, Masudi SM, Luddin N, Husien A, Khamis
MF. Fracture resistance of over-flared root canals

13

J Bagh College Dentistry

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Vol. 26(1), March 2014

filled with MTA and resin-based material: an in vitro
study. Braz J Oral Sci 2012; 11(4): 451-57.
Javaheri M, Bahmani-Zanjani L, Rakhshan V,
Foroozia M. Vertical fracture resistance of
endodontically treated restored with four sets of
obturation and filling materials. J Dent Sci 2012; 7:
130-6.
Abdo SB, Masudi SM, Luddin N, Husien A, Khamis
MF. Fracture resistance of over-flared root canals
filled with MTA and resin-based material: an in vitro
study. Braz J Oral Sci 2012; 11(4): 451-57.
Mortazavi V, Fathi M, Katiraei N, Shahnaseri S,
Badrian H, Khalighinejad N. Fracture resistance of
structurally compromised and normal endodontically
treated teeth restored with different post systems: An
in vitro study. Dent Res J 2012; 9(2): 185–91.
Soares CJ, Matins LR, Fonseca RB, Correr- Sobrinho
L, Fernandes-Neto AJ. Influence of cavity preparation
design on fracture resistance of posterior Leucitereinforced ceramic restorations. J Prosthet Dent 2006;
95: 421-9.
Taha NA, Palamara JE, Messer HH. Cuspal deflection,
strain and microleakage of endodontically treated
premolar teeth restored with direct resin composites. J
Dent 2009; 37: 724–30.
Abbas G, Fleming GJP, Harrington E, Shortall ACC,
Burke FT. Cuspal movement and microleakage in
premolar teeth restored with packable composite cured
in bulk or increment. J Dent 2002; 31: 437-44.
Monga P, Sharma V, Kumar S. Comparison of
fracture resistance of endodontically treated teeth
using different coronal restorative materials: An in
vitro study. J Conserv Dent. 2009; 12(4):154–59.
Morimoto S, Vieira GF, Agra CM, Sesma N, Gil C.
Fracture strength of teeth restored with ceramic inlays
and overlays. Braz Dent J 2009; 20(2):143-48.
Hamouda IM, Shehata SH. Fracture resistance of
posterior teeth restored with modern restorative
materials. J Biomed Res 2011; 25(6): 418-24.
Wu MK, van der Sluis LW, Wesselink PR.
Comparison of mandibular premolars and canines with
respect to their resistance to vertical root fracture. J
Dent 2004; 32: 265- 8.
Pereira JR, de Ornelas F, Conti PC, do Valle AL.
Effect of a crown ferrule on the resistance of
endodontically
treated
teeth
restored
with
prefabricated posts. J Prosthet Dent 2006; 95: 50-54.
Sorrentino R, Salameh Z, Zarone F, Tay FR, Ferrari
M. Effect of post retained composite restoration of
mesial-occlusal-distal cavities on the fracture
resistance of endodontically treated teeth. J Adhes
Dent 2006; 9: 49-56.
Salameh Z, Sorrentino R, Papacchini F, HOunsi HF,
Tashkandi E, Goracci C, Ferrari M. Fracture resistance
and failure patterns of endodontically treated
mandibular molars restored using resin composite with
or without translucent glass fiber posts. J Endod 2006;
32(8): 752-55.
Bogra P, Gupta S, Kumar S. Comparative evaluation
of microleakage in class II cavities restored with
Ceram X and Filtek P90: An in vitro study. Contemp
Clin 2012; 3: 9–14.
Sengun A, Cobankara FK, Orucoglu H. Effect of a
new restoration technique on fracture resistance of
endodontically treated teeth. Dent Traumatol 2008; 24:
214–19.

Restorative Dentistry

Fracture resistance of

32. Yashwanth. G, Roopa. RN, Usha G, Karthik J,
Vedavathi B, Raghoothama RJ. Fracture resistance of
endodontically treated premolars with directresin
restoration using various corono-radicular retentive
techniques - An in vitro study. Endodontology 2012;
24(2): 81-9.
33. Sim TP, Knowles JC, Ng YL, Shelton J, Gulabivala K.
Effect of sodium hypochlorite on mechanical
properties of dentine and tooth surface strain. Int
Endod J 2001; 34: 120–32.
34. Peters O, Gohring TN, Lutz F. Effect of eugenolcontainig sealers on marginal adaptation of dentin
bonded resin fillings. Inter Endod J 2000; 33: 53-9.
35. Maloney SM, McClanahan SB, Goodell GG. The
effect of thermocycling on a colored glass ionomer
intracoronal barrier. J Endod 2005; 31(7): 526–28.
36. Jack RM, Goodell GG. In vitro comparison of coronal
microleakage between Resilon alone and Gutta-Percha
with a glass-ionomer intraorifice barrier using a fluid
filtration model. J Endod 2008; 34(6):718–20.
37. Albers HF. Tooth-colored restoration: Principles and
Techniques. 9th ed. Hamilton ON: BC Decker Inc.;
2002; Ch 6:82-93, Ch7:111-123.
38. Prashanth M, Vivek S, Sukesh K. Comparison of
fracture resistance of endodontically treated teeth
using different coronal restorative materials: An in
vitro study. J Conserv Dent 2009; 12(4):154-59.
39. Siso ŞH, Hürmüzlu F, Turqut M, Altundaşar E, Er K.
Fracture resistance of the buccal cusps of root filled
maxillary premolar teeth restored with various
techniques. Int Endod J 2007; 40: 161-8.
40. Sorrentino R, Salameh Z, et al. Effect of post-retained
composite restoration of MOD preparations on the
fracture resistance of endodontically treated teeth. J
Adhes Dent 2007; 9(1): 49-56.
41. Casselli DSM, Silva ALF, Casselli H, Martins LRM.
Effect of cavity preparation design on the fracture
resistance of directly and indirectly restored
premolars. Braz J Oral Sci 2008; 7(22):1636-40.
42. Shivanna V, Gopeshetti PB. Fracture resistance of
endodontically treated teeth restored with composite
resin reinforced with polyethylene fibers. Endodontol
2013; 24(1):73-9.
43. Soares PV, Santos-Filho PC, Queiroz EC, Araujo TC,
Campos RE, Araujo CA. Fracture resistance and stress
distribution in endodontically treated maxillary
premolars restored with composite resin. J Prosthodont
2008b; 17:114–9.
44. Belli S, Erdemir A, Ozcopur M, Eskitascioglu G. The
effect of fiber insertion on fracture resistance of root
filled molar teeth with MOD preparations restored
with composite. Int Endod J 2005; 38:73-80.
45. Davidson CL, Feilzer AJ. Polymerization shrinkage
and polymerization shrinkage stress in polymer-based
restoratives. J Dent 1997; 25:435-40.
46. Ferracane JL. Developing a more complete
understanding of stresses produced in dental
composites during polymerization. Dent Mater 2005;
21: 36-42.
47. Shirai K, Yoshida Y, Nakayama Y, Fujitani M,
Shintani H, Wakasa K, Okazaki M, Snauwaert J and
Van Meerbeek B. Assessment of decontamination
methods as pretreatment of silanization of composite
glass fillers. J Biomed Mat Res 2000; 53; 204-10.
48. Yang L, Wang J, Hong J, Santerre JP and Pilliar RM.
Synthesis and characterization of a novel polymerceramic system for biodegradable composite

14

J Bagh College Dentistry

49.

50.
51.

52.

53.

54.

Vol. 26(1), March 2014

applications. J of Biomed Res Part A, 2003; 66: 62232.
Curtis AR, Palin WM, Fleming GJP, Shortall ACC,
Marquis PM. The mechanical properties of nanofilled
resin-based composites: Characterizing discrete filler
particles and agglomerates using a micromanipulation
technique. Dent Mater 2009b; 25:180-7.
Beer F, Johnston R, DeWolf J, Mazurek D. Mechanics
of materials. 5th ed. McGraw-Hill Companies; 2008.
Curtis AR, Palin WM, Fleming GJP, Shortall ACC,
Marquis PM. The mechanical properties of nanofilled
resin-based composites: The impact of dry and wet
cyclic pre-loading on bi-axial flexure strength. Dent
Mat 2009a; 25: 188-97.
Cara RR, Fleming GJ, Palin WM, Walmsley AD,
Burke FJ. Cuspal deflection and microleakage in
premolar teeth restored with resin-based composites
with and without an intermediary flowable layer. J
Dent 2007; 35: 482–9.
Ilie N, Rencz A, Hickel R. Investigation towards nanohybrid resin-based composites. Clin Oral Invest 2013;
17: 185-93.
Ilie N, Hickel R. Investigations on a methacrylatebased flowable composite based on the SDRTM
technology. Dent mat 2011; 27:348-55.

Restorative Dentistry

Fracture resistance of

55. Lohbauer U, Horst T, Frankenberger R, Kramer N,
Petschelt A. Flexural fatigue behaviour of resin
composite dental restoratives. Dent Mater 2003; 19:
435–40.
56. Lohbauer U, Frankenberger R, Kramer N, Petschelt A.
Strength and fatigue performance versus filler fraction
of different type of direct dental restoratives. J Biomed
Mater Res Part B: Appl Biomater 2006; 76:114–20.
57. Weinmann W, Thalacker C, Guggenberger R.
Siloranes in dental composites. Dental Materials 2005;
21: 68–74.
58. Lien W, Vandewalle KS. Physical properties of a new
Silorane-based restorative system. Dent Mater 2010;
26: 337-44.
59. Powers JM, Sakaguchi RL. Craig’s restorative dental
materials. 12th ed. St. Louis, MO: Mosby Inc.; 2006.
60. Fleming GJP, Awan M, Cooper PR, Sloan AJ. The
potential of a resin-composite to be cured to a 4 mm
depth. Dent Mater 2008; 24: 522-29.
61. Tezvergil-Mutluay A, Lassila LV, Vallittu PK.
Incremental layers bonding of silorane composite: The
initial bonding properties. J Dent 2008; 36(7): 560–3.

15

