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Abstract

Background: The most important change in the mechanical properties of endodontically-treated teeth is the reduction
of fracture resistance. The aim of the present study was to compare the fracture resistance of teeth restored with bulk-fill
resin, flowable bulk-fill resin and conventional composite resin in the presence or absence of fiber.

Material and Methods: In this laboratory study, 120 healthy maxillary first premolar teeth were selected and divided
into eight groups, each containing 15 teeth. The division was based on the type of composite used for restoration, with
three types available: conventional, bulk-fill, and flowable bulk-fill with or without fiber. Additionally, there were two
negative control groups (intact teeth) and one positive control group (cavity creation with no restoration). In all groups,
except for the negative control group, a MOD cavity was prepared after root canal treatment. For the fiber-reinforcement
groups, a piece of fiber was placed on top of the first composite layer and cured accordingly. Following restoration, all
teeth underwent polishing, mounting and were evaluated. The Data was analyzed with the t-test, Kruskal-Wallis, and
Mann-Whitney tests (a=0.05).

Results: The fracture strength in the fiber-reinforced bulk-fill composite group was higher than the fiber-free group
in the sample, but the difference was not significant (p = 0.283). There was no significant difference between the fiber-
reinforced conventional bulk-fill composite group in comparison to the fiber-free group in terms of fracture resistance
(p = 0.375). The fracture resistance was the same in the samples treated with conventional and bulk-fill composite
resins, and it was significantly lower in the samples treated with flowable bulk-fill composite than those treated with
conventional and bulk-fill composites. There was a significant difference in fracture resistance of fiber-reinforced
composites (p<0.001).

Conclusion: Tooth restoration reduces fracture resistance. Fiber addition has no significant effect on increasing the
fracture resistance of composites.
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Introduction that must be considered to ensure the reliable performance

Endodontically-treated teeth lose a major part of their
structure due to excessive decay or fracture. The most
important change in the mechanical properties of
endodontically-treated teeth is the reduction of fracture
resistance (1, 2). The fracture resistance of restored teeth is
influenced by numerous factors such as the type of tooth,
cavity size and expansion, the type of restorative material,
the presence or absence of the marginal ridge, and the bond
shrinkage and strength (3). The fracture resistance of the
restorative material is one of the important characteristics
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of a restorative material (4). Restorative material with
high fracture resistance tends to resist the formation and
expansion of small cracks caused by masticatory forces
(5). To maintain the structure of teeth , it is suggested to
use resin composite restorations directly after endodontic
treatments (6, 7).

Conventional resin composites are the first generation
of composites that have large filler particles such as
quartz, borosilicate glass, and lithium aluminum glass.
Most particles in conventional composites are 20 to 50
u with a general particle size of 0.1 to 150 p (8).
Considering their ability to administer in deep cavities,
bulk-fill composites have been introduced for tooth-
colored restoration in posterior teeth to ensure better
stress tolerance and occlusal forces (9). More effortless
restoration of proximal contact points, creating similar
functional properties to amalgam, eliminating complex
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techniques, increasing filling speed, and reducing the
number of clinical steps and dentist fatigue are the
bulk-fill composite advantages (10).

Flowable bulk-fill composites are the new generation of
bulk-fill composites, used not as liners but as posterior
restorations for cavities deeper than 4 mm, because of
their better mechanical properties (11).

In recent years, the development and expansion of
fiber technology for fiber-reinforced composites have
improved the performance of restorative materials. The
combination of resin composite and fiber-reinforced
composites has increased the mechanical properties,
direct chair side use, and better adhesion to the tooth
structure (12).

Ribbon fibers are reinforcing ribbons made of
polyethylene fibers with high molecular weight and
tensile strength due to their exceedingly high elasticity
coefficient, surface hardness, and fracture resistance.
These materials prevent the spread of cracks inside
the restorative material and increase their fracture
resistance. They are biocompatible and have excellent
optical properties (13).

The disadvantages of incremental composite
restorations include the possibility of bubble formation
between composite layers, contamination of composite
layers, failure to establish a proper interlayer bond, and
finally, there is difficulty in placing layers in cavities
with minimal access with an increase in the chair
time (14). Therefore, bulk-fill composite, which can
reduce the problems of incremental technique while
maintaining the optimal properties, including sufficient
polymerization, can be helpful (15).

Eweis et al. (16) compared the flexural characteristics
of bulk-fill, flowable bulk-fill, and conventional
composites and showed that bulk-fill restorations had a
higher flexural modulus than conventional and flowable
samples. Pham and Huynh (17) evaluated the post and
core bond strength and fracture resistance in flowable
bulk-fill composite and fiber-reinforced posts and cores
and reported no significant difference between the two
groups regarding this matter.

Considering that the type of composite is one of the key
factors in the stress resistance of the restored tooth, the
present study aimed to investigate and compare the fracture
resistance of bulk-fill, flowable bulk-fill and conventional
composites in the presence or absence of fiber.

Materials and Methods

This laboratory study was conducted on 120 maxillary first
premolar teeth that were extracted for orthodontic reasons.
The teeth were free of caries, cracks, and fractures, and
had two separate roots. The teeth were disinfected and
any soft tissues surrounding them were removed before
cleaning the surface.

The selected teeth were divided according to size and
randomly placed in eight groups (n=15 per group). To
calculate the teeth size according to Earle’s method, the
maximum buccolingual and mesiodistal dimensions were
calculated by callipers in the occlusal third of the teeth,
and the two numbers were multiplied together (18).

The studied groups included:

Group 1 (negative control): intact teeth

Group 2 (positive control): creation of mesio-occlusal-
distal (MOD) and no restoration

Group 3: Restoration with fiber-free bulk-fill composite
(X-tra fil, Voco, Germany)

Group 4: Restoration with fiber-reinforced bulk-fill
composite (X-tra fil, Voco, Germany)

Group 5: Restoration with fiber-free flowable bulk-fill
composite (X-tra Base, Voco, Germany)

Group 6: Restoration with fiber-reinforced flowable
bulk-fill composite (X-tra Base, Voco, Germany)
Group 7: Restoration with fiber-free conventional
composite (Grandio Voco)

Group 8: Restoration with fiber-reinforced conventional
composite (Grandio Voco)

To perform endodontics, an access cavity with
dimensions of 2 x 3 mm was first prepared (19). Then
k-file (MANI-Japan) No. 15 was inserted into each
of the dental canals until the tip of the file could be
seen from the apex area, one millimeter was subtracted
from its length and the obtained size was selected as
the functional length. Step-back preparation of the root
canal was conducted using K-file No.30. Then, gutta-
percha (size 30) (META-Korea) was impregnated with
AH 26 sealer (Dentsply-Germany) placed inside the
canal (Figure 1d).

When preparing the MOD cavity, the buccolingual
width at the occlusal plane was equal to 3 mm, the
height of the axial wall of the proximal boxes was 2 to
4 mm so that the gingival floor of the proximal box was
considered 1 mm above the CEJ area (19).

To restore the teeth, gutta-percha was removed from
the pulp chamber at a level 2 mm from the canal orifice.
All glass-filled areas were treated with 20% polyacrylic
acid as a cavity conditioner for ten seconds. Then Fuji
I LC Gold type glass ionomer cement (GC-Japan)
was placed on the gutta-percha as a MOD restorer (20)
(Figurela).

Figure 1. a) Prepared tooth ready for restoration b) Tooth under load
¢) ribbon fiber placement d) RCT-Obturation e) Tooth fracture at
the end of test
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When the glass ionomer hardened, the entire cavity
was etched with 37% phosphoric acid for 20 seconds
and then washed for 10 seconds. After drying the area
inside the cavity, the parts related to dentin and enamel
were etched with acid and cured for 20 seconds (VALO,
ULTRADENT (USA).

In each group (group 3 to group 8), the composite of
the same group was used to repair the teeth through
incremental thickness of 2 mm.

When the glass ionomer hardened, the entire cavity
was etched with 37% phosphoric acid for 20 seconds
and then washed for 10 seconds. After drying the area
inside the cavity, the parts related to dentin and enamel
were etched with acid and cured for 20 seconds (VALO,
ULTRADENT (USA).

Then cyclic loading was conducted by the Universal
testing machine machine (Santam Co, Tehran, Iran)
and a conical steel cylinder. A compressive force was
applied to the teeth at 150° to the longitudinal axis and
45° to the palatal slope of the palatal cusp (Figure 1b).
The above machine was in contact with the slope of
the buccal palatal cusp at a speed of 0.5mm/ min. The
force level was increased until a fracture occurred. The
loading steps were recorded by the Universal testing
machine software in the stress (N) to strain (um) diagram
and the maximum force required to achieve fracture was
determined in megapascal (MPa) (Figure le).

To investigate the fracture pattern, the teeth were placed

under a stereo microscope, and their fracture pattern
(restorable or non-restorable) was carefully examined.
Considering the normality of the data distribution by
the Kolmogorov—Smirnov test, the T-test was used
to compare the strength between the ribboned and
non-ribboned state in each of the composites, and the
comparison of different groups in the non-ribboned
state, which had a non-normal distribution, was
done by the Kruskal-Wallis test and It was a two-by-
two comparison with the Mann-Whitney test. The
comparison of distinct groups in the condition with
a ribbon which had a normal distribution was done
by ANOVA analysis of variance and a two-by-two
comparison was done with Tukey’s test.

The collected obtained was analyzed with SPSS 25
software and P-value<0.05 was considered as the
significant level.

Results

The fracture resistance of the endodontically-treated
studied fiber-
reinforced and fiber-free composites was compared

premolar teeth restored with the

using a t-test, and it was found that the fiber addition
led to no significant increase in fracture resistance of
the bulk-fill composite (p<0.283), the flowable bulk-
fill composite (p<0.095) and conventional composite
(p<0.375) (Table 1).

Tablel. Comparison of the fracture strength of endodontically-treated premolar teeth with studied composites with and without ribbon

No ribbon with ribbon
Groups No p value
Mean + SD Mean + SD
bulk-fill 15 396.36+64.43 420.39+55.37 0.283
flowable bulk-fill 15 328.26+31.47 358.75+61.23 0.095
conventional 15 383.76+65.44 405.34+65.57 0.375

Comparing the fracture resistance of endodontically-
treated premolar teeth restored with three studied fiber-
free composites (bulk fill, flowable, and conventional
bulk-fill), the results of the Kruskal Wallis test showed
that the restored teeth had lower fracture resistance
compared to intact teeth. Also, the fracture resistance
was the same in samples treated with conventional
and bulk-fill composites, and the fracture resistance
in samples treated with flowable bulk-fill composite
was significantly lower than the samples treated with
conventional and bulk-fill composites (P <0.001)
(Figure 2).
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Figure2. Comparison of fracture strength in fiber-free and fiber-
containing composites
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Comparing the fracture resistance of endodontically-
treated premolars restored with three types of fiber-
reinforced composites (bulk-fill, flowable bulk-
fill, and conventional), the results of the ANOVA

test showed a significant difference in the fracture
resistance of fiber-reinforced composites (P<0.001)
(Table 2).

Table 2. Comparison of the fracture strength of the endodontically-treated premolar teeth between three types of composites with and without

ribbon
without ribbon with ribbon
Groups
Mean + SD Mean + SD
Conventional 383.76 £65.44 405.34+65.57
Bulk fill 396.36 +64.43 420.39+55.37
Bulk Fill Flowable 328.26 £31.47 358.75+61.23
CONTROL + 239.09 +43.00 -
CONTROL - 612.62 £54.70 -
Pvalue <0.001 <0.001

A pairwise comparison of the composites showed a
significantly higher fracture resistance in the fiber-
reinforced bulk-fill composite than flowable bulk-fill
composite, but there was no significant difference
between bulk-fill and conventional composites in terms
of fracture resistance. Also, conventional, and flowable
bulk-fill composites had the same fracture resistance
(Figure 2).

The results showed that the fracture pattern of all
studied fiber-reinforced and fiber-free groups were
the same. Both fiber-reinforced and fiber-free bulk-

fill composite had no “ non-restorable fractures”. The
frequency of non-restorable fracture was reduced in the
fiber-reinforced flowable bulk-fill and conventional
composites. The frequency of “enamel chipping” and
“restorative material-tooth fracture” was almost similar
in all groups. The fracture frequency of “ restorative
materials “ decreased in the fiber-reinforced bulk-fill
composite but increased in the fiber-reinforced bulk-
fill composite, and it had no effect on the fracture
frequency of the restorative materials in the fiber-
reinforced conventional composite (Table 3).

Table3. The fracture resistance of endodontically-treated premolars was restored with three types of fiber-reinforced composites (bulk-fill,

flowable bulk-fill and conventional)

restorative

enamel chip-

Castastrophic

restorative Enamel and dentin frac-

Groups material-tooth failure (unrepair-
ping materials ture/Breakdown
fracture able
+ 6 0 0 7 2
control
- 7 0 0 8 0
No ribbon 7 3 2 3 0
bulk-fill
with ribbon 6 3 1 5 0
No ribbon 7 3 1 2 2
flowable bulk-fill .
with ribbon 6 2 3 4 0
. No ribbon 6 3 2 3 1
conventional L
with ribbon 6 2 2 5 0
Discussion According to theresults of a systematic review by Cidreira

In the fiber-reinforced samples, the fracture resistance
of bulk-fill composite was significantly higher
than that of flowable bulk-fill composite, but there
was no significant difference between bulk-fill and
conventional composites in terms of fracture resistance,
and the fracture resistance was similar in conventional
and flowable bulk-fill composites.

Ribbon fibers are made of polyethylene fibers with high
molecular weight and have high fracture resistance and
can support restoration considering their high elasticity
and hardness. Also, considering their special nature
and form, these materials prevent the spread of cracks,
which leads to fractures.

Boaro et al. (22), bulk-fill composites have similar
marginal quality, flexural strength and fracture resistance
compared to conventional composites. However, they do
not have problems such as polymerization shrinkage of
conventional composites, and for this reason, they can be
useful for deep cavities.

Tekce et al. (23) reported similar fracture resistance
for bulk-fill composites with low and high viscosity
and conventional composites. Grazioli et al. (24)
showed similar flexural strength for conventional
resin and bulk-fill composites. In a study of flexural
characteristics of bulk-fill, flowable bulk-fill, and
conventional composites, Eweis et al. (16) showed that
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bulk-fill restorations show a higher flexural modulus
than conventional and flowable composites.

Bulk-fill composites, considering their convenient and
easy handling and extraordinary flexibility, prevent
the formation of air bubbles. Homogeneous dispersion
of particles provides a very favorable coverage and
remarkable resistance and durability in the restoration
process

In the present study, the fracture resistance was the
same in fiber-reinforced conventional and flowable
bulk-fill composites. Isufi et al. (25) reported no
difference between conventional resin and flowable
bulk-fill composites in terms of fracture resistance.
Insufficient polymerization is one of the main reasons
for fracture in composite restorations (26). According
to the results of the present study, Bulk-fill composite
had a higher fracture resistance than flowable bulk-fill
composite in the presence and absence of fibres.
Mabhdisear et al. (26) found that the polymerization
rate of x-tra bulk-fill composites was lower than x-tra
base flowable bulk-fill composites. While the fracture
resistance of bulk-fill composite was higher than that
of flowable bulk-fill composite in the current study.
This discrepancy can be attributed to the fact that the
polymerization shrinkage of restorative materials is not
the only factor involved in creating shrinkage stress.
The lower fracture resistance of the flowable composite
may be related to the lower flexural modulus, lower
fillers, and slower shrinkage rate. On the other hand,
considering their physical properties and lower wear
rate, flowable bulk-fill composites need the addition of
a 2-mm thick conventional composite resin layer (27).
A restorative material with a low modulus of elasticity
leads to further deformation under occlusal stresses. In
other words, the higher the filler content, the higher the
modulus and deformation resistance (28).

According to the results of the present study, fiber
addition causes a slight increase in fracture resistance
and the fracture resistance was slightly higher in all
three fiber-reinforced composites than in fiber-free
composites.

Pham and Huynh (17) showed that fiber addition had
no significant effect on bond strength and fracture
resistance of posts and cores with flowable bulk-
fill composites. Eliguzeloglu Dalkilic et al. (29)
also showed that although different fiber placement
techniques did not increase the fracture resistance of
teeth restored with bulk-fill composites, it increased the
optimal fracture modes and thermomechanical aging
did not change the fracture resistance of the groups.
According to the results of the present study, “non-
restorable fractures” were reduced in fiber-reinforced
flowable bulk-fill and conventional composites. Also,
the results indicated that fiber-reinforced and fiber-free
bulk-fill composites lacked “ non-restorable fractures”.
Frater et al. (30) found that the use of short fiber-

reinforced resin composite did not lead to a significant
increase in fracture resistance. However, there was a
clear trend towards greater fracture resistance and
restorable fractures when using this material with the
diagonal layering technique.

The present study also revealed that the fiber addition
did not change the fracture pattern in the bulk-fill
composite, but it insignificantly increased the fracture
resistance of composites. The results of other studies
have also shown that fibre addition had a positive and
significant effect in increasing the restoration bond
strength (23, 31-33).

Badakar et al. (34) recommended that fiber-reinforced
composite resin can be considered a suitable method
for the restoration of fractured anterior teeth both in
terms of aesthetics and durability.

Conclusion

Based on the findings of this research, restoration can
decrease fracture resistance. The addition of fibers did
not show a significant increase in the fracture resistance
of composites. The fracture resistance of bulk-fill
composite was comparable to that of conventional
composite and was significantly higher than that of
flowable bulk-fill composite. Nonetheless, the fracture
resistance of conventional and flowable bulk-fill
composites was similar.
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