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Abstract

Aim: The aim of this research was to investigate the fracture resistance of premolar teeth with standardized
mesioocclusodistal (MOD) cavities restored with different dentin replacement protocols.

Subjects and methods: Sixty sound maxillary premolar teeth with standardized MOD cavities were assigned
to six groups (n=10): G1: sound teeth (positive control); G2: unrestored premolars with MOD cavities
(negative control); G3: restored incrementally with nanohybrid resin composite; G4: restored by bulk fill
flowable followed by nanohybrid resin composite; GS5: restored with packable fiber-reinforced composite
followed by nanohybrid resin composite and G6: restored with flowable fiber-reinforced composite followed
by nanohybrid resin composite. After being thermocycled at 37°C, 4mm diameter steel sphere was used in a
universal testing machine to apply stresses on specimens at a cross-head speed of Smm/min until fracture
occurred. The results were statistically analyzed with statistical significance set at (P < 0.05).

Results: Intergroup comparison has shown statistically significant difference (P < 0.001). The highest fracture
resistance was in G5 followed by G1 (natural tooth) then G6 with no difference between them. G4 and G3
showed intermediate results, which was statistically lower than G1, G5 and G6. The least fracture resistance
was in G2 (unrestored MOD cavity), which was statistically lower than all groups.

Conclusion: Using fiber-reinforced composite (either packable or flowable) as dentin substitute material under
resin composite is considered a perfect choice to restore fracture resistance of maxillary premolars with MOD
cavities.

Keywords: Fracture Resistance; Bulkfill Resin Composite; fiber-reinforced Composite, dentin substitute
material.

Introduction behind composite fillings failure (Garoushi et
al., 2012). One of the most crucial aspects of
dental materials' properties is their resistance
to fractures. It is dependent on the material's
ability to withstand internal flaws that cause
cracks to spread which may lead to bulk
fracture or marginal microscopic fractures
(Bonilla et al., 2001).

Over the past ten years, composite
restorations have been increasingly popular
due to patients’ demands for aesthetics and
increased emphasis on maintaining the
structural integrity of their teeth. That's why,
it is becoming a crucial component of general
dental practice. Secondary caries, fracture, and
occlusal wear are considered the main reasons
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Weakening oftooth structure during
mesioocclusodistal (MOD) preparations along
with the role of restorative materials and
approaches in fortifying the remaining tooth
structure have been a subject of consideration
in recent studies (Dalpino et al., 2002; Massa
et al, 2010). In MOD cavities the prepared
tooth is subjected to fatigue and microcracks
due the preparation procedure that
considerably affect tooth strength due to
brittleness of tooth structure and repeated
occlusal stresses as well as loss of marginal
ridges (Bichacho., 1994; Bhardwaj et al.,
2002). Furthermore, repetition of occlusal
stresses on extensive MOD cavities pushes the
cusps away from each other causing fractures
(Solomon et al., 2007). For this reason, it is
essential to restrengthen these teeth to improve
the fracture resistance.

Recently, the clinical functioning of the
latest dental composites has perfected
consistently to offer sufficient strength,
permitting a wider application in posterior
restorations with good longevity. Nonetheless,
a significant disadvantage of contemporary
resin composites in stress-bearing posterior
restorations is their comparatively high
brittleness and low fracture toughness.

Furthermore, many techniques have been
proposed to enhance the fracture resistance of
composite materials, including the use of
incremental filling strategies to reduce the
configuration factor (Lee et al., 2007; Park et
al., 2008; Moosavi et al., 2012). Moreover, a
suggested solution to the aforementioned issue
is to employ an intermediary resin that has a
low viscosity and elastic modulus to act as an
elastic buffer (Feilzer et al., 1990; Braga et
al., 2004; Sadeghi and Lynch., 2009). Thanks
to the introduction of flowable composite, it is
nowadays among the materials that are
available for this application. The early
generations' low modulus of elasticity limited
its usage to liners. On the other hand, the
second generation is designed for bulk-fill
flowable bases that are offered as liners in
class I and II under conventional resin-
composites, with a cure depth that is
reportedly greater than 4 mm (Campodonico
et al, 2011; lIlie and Hickel, 2011;
Roggendorf et al., 2011; Salerno et al., 2011).
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Recently, the renovation of glass fibers and its
introduction in the resin composite provided a
considerable increase in the flexural strength
and fracture resistance of composite
restorations enhancing its resistance to crack
propagation. Thus, the innovation of bulk fill
fiber reinforced flowable composites provided
a paradigm shift in the fracture toughness of
the restorations (Alshabib et al., 2023).
However, limited studies have assessed
its performance, particularly when the material
is to be placed in stress bearing
areas. Accordingly, this study aimed to assess
the consequence of different dentin
replacement protocols on the fracture
resistance of premolar teeth with standardized
mesioocclusodistal ~ (MOD)  preparations
restored with composite restoration. The null
hypothesis stated that the different dentin
replacement protocols would not reveal any
difference in the fracture resistance of the
restored premolars.

Subjects and Methods
Sample size calculation:

In order to do a statistical test of the null
hypothesis, a power analysis was created with
sufficient power. With an effect size (f) of
(0.786) determined by using the results of a
prior study (Tsertsidou et al., 2023), and
alpha (a) and beta (B) values of (0.05) and
(0.1), respectively (i.e., power=90%), the total
needed sample size (n) was established to be
(48) samples (i.e., group=8 samp). In order to
account for any procedural errors during
testing, the sample size was raised by 20% to
equal (60) samples (10 samples each group).
For Windows, R statistical analysis S.W.
version 4.3.2 was used to calculate the sample
size.

Methodology

This in vitro investigation used sixty
extracted, undamaged, caries-free maxillary
premolar teeth that were devoid of fractures,
hypoplastic abnormalities, and cracks. The
bucco-palatal dimension of each premolar was
measured using digital caliper (ESSENTRA,
Ontario, Canada) with a tolerance of 10um.
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Premolars were assigned into six groups
(n=10) such that variance of the mean bucco-
palatal width between groups was less than 5%
(Abbas et al., 2003; Fleming et al., 2005;
Alshabib et al., 2023; Tsertsidou et al., 2023).
Premolars were stored in distilled water
containing 0.1 % thymol at 4°C till cavity
preparation. Regarding periodontium
simulation, root surfaces were covered by 0.2
— 0.3mm layer of melted wax 2mm below the
cement enamel junction (C.E.J). Then the teeth
were mounted vertically using a chemically
activated acrylic resin (Acrostone, Egypt) into
a cubic cupper mould. The acrylic resin
extended to within 2mm below the C.E.J. The
specimens were divided into six groups at
random as follows: G1: sound teeth (positive
control); G2: unrestored premolars with MOD
cavities (negative control); G3: restored
incrementally ~ with  nanohybrid  resin
composite; G4: restored by bulk fill flowable
followed by nanohybrid resin composite; GS5:
restored with packable fiber-reinforced
composite followed by nanohybrid resin
composite and G6: restored with flowable
fiber-reinforced composite followed by
nanohybrid resin composite. The composition
and characteristics of the restorative materials
used are listed and described in Table 1.

Cavity preparation

All specimens of group 2 through 6, a
standardized MOD cavities were prepared
using carbide fissure bur no. 57 size 010
(Brassler, Savannah, Georgia, USA) mounted
at high-speed handpiece cooled with air/water.
Depth of the cavity was 4 + 0.2 mm from the
tip of the palatal cusp and cavity width was 4 +
0.2mm. The proximal walls were parallel and
the occlusal isthmus width was one-third of
the intercuspal distance. All dimensions were
measured using single periodontal probe
during preparation of all the cavities and no
bevel was performed in the margins of the
cavities.

Adhesive application

After cavity preparation, selective etch
approach was adopted for bonding using
universal adhesive (Prime & Bond Universal,
DENTSPLY Sirona), Konstanz, Germany).
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Following manufacturer’s instructions, cavity
was air dried gently for 10 seconds, 37%
phosphoric acid etching gel (Scotch bond
etchant, 3MESPE, St Paul, MN, USA) was
applied on enamel margin for 30 seconds,
rinsed for 30 seconds with air/water spray and
finally dried with gentle air for 5 seconds. The
universal adhesive was actively applied with
micro brush (Micro brush, USA) for 20
seconds and left for 10 seconds to flow and
then light cured for 20 seconds using Elipar™
Deep Cure-LED curing light (3M ESPE,
Germany) for 20 seconds at light intensity
1200 mW/cm?.

Resin composite build-up protocols:

The used resin composites in this study
were nanohybrid composite (NeoSpectra HV
Shade A2, DENTSPLY Sirona), flowable bulk
fill resin composite (Surefill SDR Flow,
universal shade, DENTSPLY Sirona) and
flowable (EverX Flow, GC Company, Tokyo,
Japan) and packable (EverX Posterior, GC
Company, Tokyo, Japan) fiber-reinforced resin
composite (Table 1). “Tofflemire” metal
matrix bands with its holder were used. All
cavities (Group 3 through group 6) were
restored according to the assigned group, as
follows:

Group 3 (incremental packing): Universal
nano-hybrid restorative material (NeoSpectra
HV Shade A2, DENTSPLY Sirona) was
packed in two horizontal increments with
thickness 2mm. Each increment was light
cured for 20 seconds.

Group 4: The first layer was flowable bulk fill
resin composite (Surefill SDR Flow, universal
shade, DENTSPLY Sirona) in 2mm thickness
and light cured for 20 seconds followed by one
increment of regular nanohybrid resin
composite (NeoSpectra HV Shade A2,
DENTSPLY Sirona) in 2 mm thickness and
light cured for 20 seconds.

Group 5: The first layer was packable fiber-
reinforced resin composite (EverX Posterior,
GC Company, Tokyo, Japan) in 2mm
thickness and light cured for 20 seconds. The
second increment (2mm) was of nano-hybrid
resin composite (NeoSpectra HV Shade A2,
DENTSPLY Sirona) and light cured for 20
seconds.
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Group 6: The first layer was flowable fiber-
reinforced resin composite (EverX Flow, GC
Company, Tokyo, Japan) in 2mm thickness
and light cured for 20 seconds. The remaining
2 mm was filled with nano-hybrid resin
composite (NeoSpectra HV Shade A2,
DENTSPLY Sirona) and light cured for 20
seconds.

All restorations were properly finished and
polished followed by specimens’ storage for

24 hours in 37°C distilled water.

Thermocycling

Specimens were subjected to 5000
thermocycles to simulate 6 months of clinical
performance before testing the fracture
resistance. Alternation between 5 and 55 -C £
2 was performed; the dwell time and transfer
time was 5 seconds between each bath
according to ISO 11405 recommendations.
Then specimens were examined for cracks or
debonding.

Measurement of fracture resistance:

Using universal testing machine (Model
LRX-plus; Lloyd Instruments Ltd., Fareham,
UK), fracture resistance test was done. A steel
sphere of 4 mm diameter was placed on the
inclined planes of the buccal and lingual cusps
of the tested teeth at a cross-head speed of 5

mm/min until the fracture occurred. The force
was recorded in Newton as the fracture
resistance.

Results

Data was analyzed wusing Medcalc
software, version 22 for windows (MedCalc
Software Ltd, Ostend, Belgium). Continuous
data was explored for normality using
Kolmogrov Smirnov test and Shapiro Wilk
test. Continuous data showed normal
distribution and was described using mean
and standard deviation. Intergroup
comparison was performed using one-way
ANOVA followed by Tukey Kramer post hoc
test with statistical significance set at (P <
0.05). Statistical power of the study was set at
80 % with 95 % confidence level and all tests
were two tailed.

Intergroup  comparison  has  shown
statistically significant difference (P < 0.001).
The highest fracture resistance was in G5
followed by G1 (sound tooth) then G6 with no
difference between them. G4 and G3 showed
intermediate results, which was statistically
lower than G1, G5 and G6. The least fracture
resistance was in G2 (unrestored MOD
cavity), which was statistically lower than all
groups.

Table 1: Brand names, specifications, chemical composition and manufacturer of the used

materials

Material Specifications Composition

Manufacturer

NeoSpectra Nanohybrid
Composite composite

Fillers: 77-79 weight

Matrix: (methacrylate-, acid-modified methacrylate-, inorganic
polycondensate- or epoxide based) modified version of the polysiloxane. | Germany
material itis combined with a well-established poly-urethane-methacrylate as
well asbis-EMA and TEGDMA.

DENTSPLY sirona, , Konstanz,

SureFil™ Visible light cured Matrix: SDR™ patented UDMA resin, TEGDMA, DMA resin, Di- DENTSPLY sirona, , Konstanz,
SDR flow bulk-fill flowable functional diluents, EBPADMATriethyleneglycol dimethacrylate Germany
[Smart base resin Fillers:Barium and Strontium. Fluoro alumino-silicate glasses. (68% by
Dentin composite wt., 45% by vol.)
Replacement]
(Universal
Shade)
EverX short-fiber Resin matrix: GC Company, Tokyo, Japan
Posterior . . Semi-interpenetrating polymer network (semi-IPN): net- poly (methyl

reinforced resin melhacryell;\‘:e)-mter-rﬁegpoyly (bis—glycid)frl- A-dime)thacrylgltg:(]?vis- Y

composite GMA, TEGDMA, and PMMA

Fillers:

E-glass fiber, barium borosilicate

EverX Flow short-fiber
reinforced flowable

Tesin composite

combination of organic resin matrix and inorganic glass fibres and filler GC Company, Tokyo, Japan
particles. The resin matrix contains Bis-MEPP, TEGDMA and UDMA.
The fillers are a mix of short E-glass fibres and particle fillers, mostly
barium glass. The total filler rate of everX Flow is 70% in weight.

Boron

Prime & Universal adhesive | Mono, di- trimethacrylae resins, PENTA, diketone, stabilizers, DENTSPLY sirona, , Konstanz,
Bond organic phosphine oxide, cetylamine hydrofluoride, acetone,water, self- | Germany
Universal cure activator, pH: 2.5 Urethane Dimethacrylate, Di-and Tri

Methacrylate resins, phosphoric acid, modified acrylate resin, Barium
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Table 2: Mean and standard deviation of fracture resistance of all groups:

Group Mean SD
Gl 1013.84° 72.10
G2 425.55¢ 70.54
G3 795.13° 56.37
G4 855.99° 59.31
G5 1039.99° 97.91
G6 970.00* 54.86
P value P <0.001*

Means that do not share the same letter are statistically significant, * denotes statistically significant
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Figure (1): Bar chart showing mean and standard deviation of fracture resistance of all groups

Discussion

In dentistry, direct resin-based restoration
solutions are indispensable. Polymerization
shrinkage in resin-based composite materials
has several detrimental impacts (llie and
Hickel., 2011). Furthermore, dentists continue
to prioritize technique sensitivity to get
positive outcomes. Despite the introduction of
a novel class of bulk fill resin-based
composites, the effectiveness of these
materials has not been well studied in clinical
or laboratory settings. When the material is to
be employed in stress-bearing areas, these tests
are very crucial. Therefore, the purpose of this
study was to examine the fracture resistance of
maxillary premolars having MOD cavities
restored with different composites used as
dentin substitute, most of them can be applied
in bulk followed by conventional nanohybrid
composite as a final layer of the whole
restoration.
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fracture would be more trequent and the
remaining tooth structure would be weakened
respectively. The bucco-palatal width of each
tooth was standardized to vary no more than
5% amongst teeth to facilitate comparisons
both within and between groups. It would be
expected that all restored teeth with different
packing approaches would present greater
fracture resistance values in comparison to the
prepared unrestored teeth due to restoration of
the fracture resistance of tooth by modulus of
elasticity of resin composite (Abbas et al.,
2003; Fleming et al., 2005; Plain et al., 2005;
Cara et al., 2007). These results are consistent
with the current investigation, which found
that the unrestored group had the lowest
fracture resistance values.

The current findings validated the
importance of using bulk fill fiber reinforced
composite and different resin composite dentin
substitutes in enhancing fracture resistance of
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badly broken-down teeth. This study's results,
which support those of other investigations,
indicate that the fracture resistance of the
group restored using bulk fill fiber reinforced
packable composite as a base was as high
as that of the unprepared teeth (4lshabib et al.,
2023). In the current study, the null hypothesis
was rejected as there was significant
differences between all tested groups. The
highest fracture resistance was in G5 in which
the first layer was packable fiber-reinforced
resin composite followed by G1 (natural tooth)
then G6 in which the first layer was flowable
fiber-reinforced resin composite with no
difference between them. G4 whereas the first
layer was flowable bulk fill resin composite
SDR and G3 in which only universal nano-
hybrid restorative material showed
intermediate results, which was statistically
lower than G1 (intact teeth), G5 and G6. The
least fracture resistance was in G2 (unrestored
MOD cavity), which was statistically lower
than all groups. This could be attributed to the
increased resilience and high resistance to
crack propagation found in the ever x
posterior. The favorable characteristics of its
fiber and matrix components are responsible
for this (Attik et al., 2022). The ever x
posterior and flow has fibers that are longer
than the critical fiber length, which allows for
more effective stress transmission from the
matrix. These results are consistent with the
body of knowledge in the literature (Kikuti et
al., 2012; Alshabib et al., 2019). It is
important to highlight that, despite this
improvement in fracture resistance, research
has indicated that the primary cause of the
fiber-reinforced composites decreased flexural
strength is hydrolytic degradation that takes
place between the matrix and the glass fibers.
It should be mentioned that, in general,
composites reinforced with glass fibers absorb
more water than composites reinforced with
particle fillers (Alshabib et al, 2021).
Therefore, Following the technique of
application used in the current study, it should
be noted that, despite the restrictive term bulk
fill, the bulk fill flowable resin composite
regardless of the filler component, are
essentially base layers that should be
essentially covered by surface layer of 2mm of
methacrylate- based resin-based composite.
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The use of SDR in the current study in G4 is
considered one of the limitations that could be
replaced by the use a conventional nano-
hybrid bulk fill composite. A high-molecular-
weight monomer (AUDMA) that reduces the
number of reactive groups in the resin chain,
makes up the resin matrix of nano-hybrid bulk
fill composites (Moorthy et al., 2012; Eweis et
al., 2020). During the polymerization process,
this property increases the final polymeric
matrix's stiffness. Moreover, adding addition-
fragmentation chain transfer monomers (AFM)
to nano-hybrid composites can increase the
polymer network's homogeneity, which may
result in improved mechanical properties and
this explains the good fracture resistance found
in G4. According to recent research, nano-
hybrid composites provide better flexural
strength. This is explained by the resin matrix's
composition as well as the filler content
(Eweis et al., 2020).

Only premolar teeth were used in this
investigation, and fracture resistance was
assessed soon after the restoration and
thermocycling. However, several factors,
including aging, fatigue loads, chemical,
physical, and thermal changes, might alter the
the
Furthermore, there are cyclical changes in the
pace, magnitude, and orientations of the

induced fracture in oral cavity.

stresses within the mouth cavity. Therefore,
more research is required to assess how these
materials and layering strategies with dynamic
loading behave in vivo. Low modulus of
elasticity values should be avoided when it
comes to dental composites because they cause
significant distortion. In a comparable manner,
excessively flexible materials should be used
cautiously while pursuing high flexural
strength as this will reduce the material's total
strength. Such circumstances result in an
unequal distribution of load, which prevents
the chewing forces from being distributed
horizontally throughout the periodontium. As a
result of occlusal pressure, the restoration's
surface is subjected to significant tensile loads,
which may affect its adherence to the tooth
structure. lateral

Furthermore, expansion

brought on by occlusal stresses on flexible
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filling materials within the cavity may
eventually result in surface fractures of the
teeth (Manhart et al., 2000; Alomari et al.,
2001; Rodrigues et al., 2007; Pick et al.,
2011;). To guarantee dental composites
function at their best, it is imperative to take
these things into account.

Conclusion
Within the limits of this study,
following conclusions can be derived:

1. Fiber reinforced either packable or
flowable composite as dentin substitute
significantly improve fracture resistance.

2. All dentin substitute composites should be
covered by conventional nanohybrid resin
composite.
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