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of Composite Resin on The Fracture Resistance of Upper
Premolars
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Aim: to assess the influence of multiple composite resin types, application methods, and aging on the fracture resistance of
premolars with Mesio-occlusal-distal (MOD) cavities.

Materials and methods: Forty sound upper premolars with standardized MOD cavities, were randomly distributed into
two main groups (n=20) according to the type of resin composite. Then, each group of them was distributed into two
subgroups (n=10) according to the application methods. Each subgroup was further distributed into two divisions (n=5)
according to the effect of aging.

G-premio adhesive system was applied in accordance with the guidelines provided by the supplier. Restorations were
grouped: Group 1 (Incremental G-aenial posterior), Group 2 (Bulk-fill EverX posterior), Group 3 (Incremental G-aenial
Injectable), and Group 4 (Bulk-fill EverX flow).

Half the number of each of the 4 groups (n=20) was randomly chosen and underwent 5000 cycles of thermocycling (between
5 and 55 °C). The specimens were affixed to a 5 kN load cell on an Instron 3345 computer-controlled material testing
apparatus.

Results: Group 4 gave the greatest fracture resistance value in the aged groups and Group 2 gave the greatest fracture
resistance value in the non-aged groups. While Group 1 gave the least value of fracture resistance in the aged groups.
Conclusions: The bulk-fill short fiber reinforced composites, used as restoration of premolars with MOD cavities, could
have a significant reinforcing effect on the treated teeth more than the incremental conventional technique.
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Introduction

Composite restorations are widely used
worldwide.! Conservative dentistry aims to
replace lost hard tooth structure with
restorative materials that are biologically and
mechanically similar to the surrounding
tissues.? Resin composites have gone through
a number of developments, including
advancements in filler technology.’

The two most serious drawbacks of resin
composite fillings are polymerization
shrinkage stresses, in addition to insufficient
fracture resistance in comparison to the
dentin.* Fractures are linked to the
mechanical qualities of the materials, cavity
configuration, amount of the remaining tooth
structures and the patient's occlusion.’
Stresses at the boundary between a tooth and
a filling are created by polymerization
shrinkage as the composite's elastic modulus
increases during curing. Signs of stress
include bond failure, cuspal flexure, and
enamel cracking. Restoration failure and the
need for repair can result from these signs.®

Flowable composites are usually
weaker than conventional composites and
contain less fillers. A novel type of highly
filled flowable composite was developed. It
stands out for having a high viscosity and
superior mechanical qualities than traditional
composite restorative materials. ”-8

This composite is called an "injectable
composite" because of its consistency and 69
weight percent load ‘of nano-sized filler
particles. Compared to traditional paste-type
composites, the highly filled flowable resin
composition includes nano-sized fillers
where it could be used in stress-loading
restorations.”’

In order to mimic dentine's stress-

absorbing characteristics, short fiber-
reinforced composites (SFRCs) were
introduced to the market in 2013.
Furthermore, advancements in SFRCs'

handling characteristics have allowed them to
eventually enter the field of restorative
materials on a larger scale. SFRCs are found
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in both consistencies, packable and
flowable.!” The SFRC material is intended to
be used as a bulk base for both vital and non-
vital teeth restorations in high-load bearing
areas. It is composed of inorganic particle
fillers, e-glass fibers that are dispersed at
random, and a resin matrix.> Comparing
SFRC to traditional particle filler restorative
composite resins, marginal microleakage was
reduced due to the considerable control of
polymerization shrinkage stresses by fiber
orientation as well as enhanced fracture
toughness.'!

Fracture resistance, which is based on
the material's ability to withstand the spread
of cracks caused by internal faults which may
cause bulk breakages within the restoration or
tiny fractures around the edges of the filling.'?
When evaluating the aging of various dental
materials, the clinical procedure of aging is
usually recreated in the lab utilizing artificial
aging approaches.'?

Accordingly, this study intended to
investigate the impact of various composite
resin types, application techniques, and aging
regarding the upper premolars with MOD
preparations’ resistance to fracture.

Materials and methods
Sample size calculation
A power analysis was designed to

have adequate power to apply a statistical test
of the null hypothesis that there was no
difference would be found between different
groups regarding fracture resistance. The
predicted sample size (n) was a total of (40)
samples (i.e.10 samples per group). Sample
size calculation was performed using
G*Power version 3.1.9.7. !4
Specimens grouping

According to the kind of composite
resin restoration, 40 teeth were distributed at
random into two main categories (n = 20).
Then, according to the method used for
applying the resin composite restoration, each
of them was distributed into 2 subcategories
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(n=10). Then, according to the outcome of
thermocycling, each subgroup was further
distributed into two groups (n=5). {Figure 1}

(n=20) , . (n=20)

(n=10) + (n=10)

. (n=10) v (n=10) {
*(n=5) (n=5) " (n=5) " (n=5) (n=5) * (n=5)’ (n=5) ' (n=5)"

[ Fracture Resistance Testing |
Figure 1: illustration of the study design

Sample selection

Guided by the rules of the ethical
committee of the faculty of dentistry Ain
shams university with ethical approval code
(FDASU-Rec EMO012211), a total of 40
human upper premolars that had been
extracted for periodontal or orthodontic
reasons were chosen at random from a range
of individuals between the ages of 18 and 65.
The samples were chosen with a rough
resemblance in crown size, length, and shape
in order to achieve standardization. Their
measurements were 7 £ 0.5 mm for mesio-
distal width and 8 mm + 0.5 mm for bucco-
lingual width. Using a digital caliper, all
dimensional measurements were made at the
proximal cementoenamel junction level.

The teeth were inspected to ensure
that the measurements of the buccolingual,
mesiodistal, and anatomic crown length
were around uniform. The absence of visible
caries or cracks in the roots, as well as the lack
of any prior endodontic treatment, posts,
crowns, or resorptions, were the criteria for
inclusion.

Samples preparation

The samples were immersed in 5.25%
NaOCl for five minutes, the samples were
placed in a 0.9% saline until they were
utilized.* Using self-curing acrylic resin, each
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premolar was placed into plastic Teflon
molds at a level 3 mm below their cemento-
enamel junction and parallel to their
identified root long axis. Silicon indices were
done to the occlusal aspects of the samples
and an occlusal stamp was taken using
flowable resin composite for the purpose of
occlusal surface anatomy and cuspal
inclinations reproduction standardization.
Standardized Tooth Preparation

The same skilled operator performed
standardised MOD cavity preparation on the
teeth, measuring 2.5 mm in width and 5 mm
in depth from the cavo-surface boundary, as
detailed by Forster et al.'> In order to
standardize cavity preparation, a pencil was
used to mark a line on each tooth's two
proximal surfaces at the cemento-enamel
junction. Two lines were then marked to
indicate the inter-cuspal distance, starting
from the tip of the cusps and ending at the
cemento-enamel junction. The cavity's
measurements were as follows: the
buccolingual width was 2.5 mm, and the
occluso-cervical depth was 5 mm.

A fissure carbide bur with a rounded
tip (Healthico, USA) was utilized for the
preparation. It was first placed at the midline
of the teeth's occlusal surface and used in a
high-speed handpiece (sirona, Dentsply,
USA) with copious water coolant. Once every
four preparations, the carbide bur was
replaced with a new one. After the cavity
walls were created parallel to the tooth's long
axis, the cavity borders were finished using a
high-speed finishing stone with a yellow
coded (Healthico, USA). A periodontal probe
was used to measure the cavity's depth from
the cavo-surface margin. The cavity width
was (2.5 mm) while the depth was (5 mm).
Cavities restoration

Following the preparation, each
cavity went through the same adhesive
procedure and was washed with water and
allowed dried using a 3-way syringe. A
Tofflemire matrix band (Tofflemire, kerr,
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UK) was applied. The enamel was rinsed with
water and allowed to air dry after being
selectively acid-etched for 15 seconds using
37% phosphoric acid (Eco-Etch, Ivoclar
Vivadent). As directed by the manufacturer,
universal adhesive (G-Premio Bond (GPB)
GC Corp. Tokyo, Japan) was placed, left
untouched for 10 sec, dried for 5 sec at
maximum air pressure, then
photopolymerized for 10 sec. The Radii Plus,
SDI LED photo-polymerization unit was
utilized, and it ran at 1500 mW/cm? of light
intensity. Radiometer (X LED Light Curing
Meter (5600029) — SDI) was used to assess
the light intensity output every ten seconds.
Restoring the preparations was as following:

Group 1 (Control Group) (n=10):
By applying (G-aenial Posterior, GC Japan)
in 1 mm increments to the approximate walls
of the matrix, the cavity was converted into a
class I utilizing the centripetal method. For 20
seconds, this increment was light-cured. (G-
aenial Posterior, GC Japan) was applied in
sequential 2 mm  thick  oblique
incrementations to reconstruct the middle
portion of the cavity. For the last occlusal
layer, before curing, a piece of teflon tape was
placed on the occlusal aspect and the occlusal
stamp was reseated over the occlusal surface
to reconstruct the original occlusal anatomy
of the tooth that was existing before cavity
preparation. The occlusal stamp was
removed, and initial photopolymerization
was done for 5 seconds before removal of the
Teflon tape. After that, curing resumed for 15
seconds. Photopolymerization for 20 sec was
done to the mesial and distal surfaces after the
tofflemire matrix was removed.

Group 2 (n=10): The middle portion
of the cavity was filled with 3 mm bulk of
packable SFRC (everX posterior, GC
Europe) after the approximate portion had
been rebuilt in the same manner as group 1.
The composite was then photopolymerized
for 20 seconds. (G-aenial Posterior, GC
Japan) was applied occlusally in 2 mm-thick
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oblique incrementations using the occlusal
stamp as previously mentioned in group 1.
The mesial and distal aspects, following
matrix removal, were photopolymerized as
previously described.

Group 3 (n=10): The cavity became
a class I following the centripetal method
when (G-aenial Universal Injectable Flow,
GC Japan) was inserted to the approximate
walls of the matrix in a single increment. For
20 seconds, this layer was light-cured.
Oblique incrementation was done using 2 mm
layers of (G-aenial Universal Injectable
Flow, GC lJapan) (GUF). For the final
occlusal portion, application of final oblique
GUF layer using the occlusal stamp as
previously mentioned in group 1. The mesial
and distal aspects, following matrix removal,
were photopolymerized as previously
described.

Group 4 (n=10): The middle portion of
the preparation was filled using a bulk
application (3 mm) of flowable SFRC (everX
Flow Bulk, GC Japan) after the approximate
portion had been restored as group 1. The
composite was then photopolymerized for 20
seconds. The occlusal part was rebuilt using
(G-aenial Posterior, GC Japan) same as
described in group 2. The mesial and distal
aspects and each layering, following matrix
removal, were photopolymerized as
previously described.

Finishing was done by a yellow coded
high speed flame finishing stone (Healthico,
USA) and were polished using Sof-Lex™
discs (3M ESPE, USA) in a low-speed
handpiece. Before being subjected to
mechanical testing, every specimen was kept
for a full day in distilled water.
Thermocycling

Half the number of each restored
group of the 4 groups (n=5), a total of (n=20)
was randomly chosen and thermocycled for
5000 cycles (between 5 and 55 °C with a
dwell time of 30 s and a transfer time of 15 s)
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reflecting six months of clinical function
according to Gale and Darvell.'®
Fracture resistance testing

Every sample was mounted separately
on an Instron 2710-115 computer-controlled
universal material testing apparatus. Each
specimen had an occlusal load cell affixed to
it, and computer software was used to record
the data. Samples were fastened to the testing
machine's lower fixed compartment by
tightening screws. The fracture resistance test
was conducted using a metal shaft with a
rounded end (4 mm diameter) connected to
the top adjustable chamber of the testing
device machine.

This shaft makes a compressive axial
loading that comes in contact with the palatal
slopes of the buccal cusp and buccal slopes of
the palatal cusp at a crosshead speed of 1
mm/min.? An audible crack indicated the load
at failure, and a computer program was used
to record the load-deflection curve, which
showed a steep decline. The load which was
needed to break was added in newton (N).
Statistical analysis

Values of the mean and standard
deviation (SD) were used to present
numerical data. They were examined for
normality using the Shapiro-Wilk test and the
data distribution. Three-way ANOVA was
used to analyze the data, which had a
parametric  distribution. The three-way
model's pooled error term was used to
compare basic effects. P-values  were
modified using the Bonferroni modification
to account for multiple comparisons. A
significance threshold of p<0.05 was applied.
R statistical analysis software, version 4.3.1
for Windows, was used to conduct the
statistical analysis.

Results

Fracture variables on the fracture
resistance (p=0.004). The study's findings
demonstrated that the bulk-fill flowable
SFRC (EverX flow) had the highest fracture
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resistance value (1504.92+5.46) N in the aged
groups and the bulk-fill packable SFRC
(EverX posterior) had the highest fracture
resistance value (1129.83+112.15) N in the
non-aged groups. While (group 1), showed
the least value of fracture resistance
(681.68+51.15) N in the aged groups. (Tables
1,2) {Figure 2}

Table 1: Effect of different variables and their
interactions on fracture strength (N)

Sum of Mean f-

Variable SR df St value p-value
Material consistency | 184548.15 |1 | 184548.15 | 13.39 | <0.001*
Appiiteit 1369061.42 | 1 | 1369061.42 | 99.36 | <0.001%
technique

Aging 173552 |1 1735.52 0.13 | 0.725ns
Material consistency

*application 18314290 |1 | 183142.90 | 13.29 | <0.001*

technique

Material consistency

P 513687.27 |1 | 513687.27 | 37.28 | <0.001*
aging

Application 8233693 |1 | 8233693 | 598 |0.020*
technique*aging

Material consistency

*application 132643.36 |1 | 132643.36 | 9.63 | 0.004*

technique*aging

df =degree of freedom*; significant (p< 0.05) ns; non-
significant (p>0.05)

Table 2: Intergroup comparisons, mean and standard
deviation values of fracture strength (N) for samples
with and without aging.

Fracture strength
Material Applicati +S
af ?rla pplic ) ( D) ot
consistency | technique Non-
Aged
aged
1129.83 | 891.92+ "
Packabl Bulkfill 1. 7515 | 17944 | %036
S eremental | 87072+ 681685 [ 0o
creme 167.09 | 51.15 -
1059.19 | 1504.92 .
Flowab Bulleill =1, 4300 |+546 | <%0
759.76+ | 793.67+
Incremental 105.41 5774 0.546ns

*;“significant (p<0.05) ns; non-significant (p>0.05)
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Figure 2: Bar chart with mean and standard deviation
values of fracture strength (N) for samples with and
without aging
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Discussion

The choice of the optimum material
and method for the restoration of deep MOD
cavities in upper premolars depends on the
functional needs and the amount of tooth
structure that remains.’

The usage of composite materials in
big cavities has increased since the
introduction of fiber-reinforced composite
technology. The vendor of two recently
released SFRCs (everX posterior and everX
flow, GC) claims that the short fiber structure
of this material produces a level of hardness
that is comparable to dentin when coated with
a layer of universal restorative composite. It
also shrinks very little, which keeps fractures
from happening.'’

In order to minimize microleakage
and polymerization stress,
incremental methods have been
recommended as the best way to reconstruct
a big cavity using composite.'® A bulk-fill
composite should have adequate mechanical
characteristics because bulk filling is
primarily required in the posterior, stress-
bearing parts.!® Flowable composites were
formerly thought to be unsuitable for
repairing these areas; as a result, questions
have been raised, particularly regarding the
flowable base bulk-fill composites.?’
Strength, toughness, and wear resistance are
important features in the posterior region of
composites, even if there is little association
between these attributes and their clinical
performance.?!

According to Siso et al. 22, the loss of
marginal ridges in MOD preparation without
restoration resulted in a 50% reduction in
tooth strength when compared to healthy
premolar teeth. To further replicate the worst
clinical scenario, the MOD cavity in this
study was constructed in relation to the teeth
measurements.

Therefore, this study examined using
a variety of composites (highly filled
flowable composite, packable micro-hybrid
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composite, packable and flowable fiber-
reinforced composite), application techniques
(incremental and bulk-fill), and the impact of
aging through thermocycling to check their
influence on upper premolars fracture
resistance.

Regarding the effect of various types
and consistencies of composite resin, the
packable resin composite (RC) materials
(everX posterior and g-aenial posterior) had
higher fracture resistance than the flowable
RC materials (everX flow, g-aenial universal)
in the non-aged groups, yet the difference
wasn’t significant. On the other hand, the
flowable RC materials in the aged groups had
significantly higher fracture resistance than
the packable RC materials. Some flowable
composites have higher fracture resistance
ratings than others. This could be because
these materials contain more resin matrix,
which, as suggested by Bonilla et al.** may
reduce the high stress at the crack tip by
plastic deformation.

The bulk-fill flowable SFRC (everX
flow, GC) and {G-aenial Universal
Injectable, GC} (GUF) were the flowable
resin composite materials employed in our
investigation. GUF 1is appropriate for direct
restorations without further covering because
it includes 69 weight percent filler. To give
the best viscosity and handling qualities for
restorations, the universal flowable
composite matrix's composition and the filler
surface's pretreatment are altered.’* The filler
content of GUF includes nanoparticles. The
greatest findings for GUF were reported by
Lazaridou et al.®, who noted that new
flowable materials with higher filler volumes
had better wear resistance than some
conventional composites.

Furthermore, our outcomes agree with
the clinical conclusions made by Lawson et
al. 2°. It should be noted that the flowable
composite they utilized in their trial had a
smaller cavity (class I) and that, after two
years of usage, its clinical efficacy was
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comparable to that of a conventional
composite.

The new flowable micrometer size
SFRC (everX Flow), bulk-fill flowable SFRC
(everX flow, GC), demonstrated noticeably
greater fracture resistance than the other
groups. This is consistent with research by
Garoushi et al.?’, which found that bulk-fill
flowable SFRC covered with very little
composite had substantially higher fracture
resistance than filling with conventional
composite.

New technologies have been
developed, such as bulk-fill composites made
of resin-based material that could cure in one
step at a thickness increase of 4 to 5 mm.
Moreover, by lowering the polymerization
shrinkage, they are made to lessen cuspal
flexure.?s%

From the results of this study,
regarding the effect of application technique
of resin composite, the bulk-filled materials
had a substantially greater fracture resistance
value than the incrementally filled materials
in all groups. This was consistent with the
findings of an investigation by Rossato et al.?®
Where when molars were
incrementally restored  using  traditional
composite as opposed to bulk-fill composites,
they discovered noticeably lower values.
Bulk-fill composites may be responsible for
this, as they improve fracture resistance while
reducing cusp deformation,  post-gel
shrinkage, and shrinkage stresses.

In a prior investigation, Garoushi et al.
demonstrated how short fiber fillers might
halt the spread of cracks and boost the resin
composite's resistance to fracture.*® This was
consistent with research by Lassila et al. and
Shouha et al.,, in contrast to traditional
particulate filler resin composites, they
reported that the experimental short fiber
reinforced flowable resin composite had
improved fracture toughness and flexural
properties.3!3?

Effect Of Various Types, Placement Techniques and Aging of Composite Resin on The Fracture
Resistance of Upper Premolars | Monica Bassem Bertie et al. SEPTEMBER2024.

Every day, while consuming food and
beverages, restorative materials undergo
thermal cycling. The usage of 500 thermal
cycles between 5°C and 55°C is appropriate
to model the short-term aging of dental
materials, according to ISO 11405
standards.’® The effect of thermocycling on
composites can actually be more detrimental
than that of water alone because of the
increased destruction of the polymeric
network brought on by hydrothermal
ageing** The thermal cycling in this
investigation was 5000 cycles, which,
according to Gale and Darvell, corresponds to
six months of clinical function.'®

Based on the results of our study, the
non-aged packable resin composite samples
had a significantly higher value of fracture
resistance than aged samples. Additionally,
the bulk-fill flowable SFRC had significantly
higher fracture resistance value after aging. It
is known that water uptake influences the
polymer's elastic modulus; this, along with
hygroscopic expansion, may help to ease the
internal  tensions caused by limited
shrinkage

The restorative material's dimensional
stability is impacted by water sorption where
low water sorption is preferred.>® Bis-MEPP
based flowable resin composites as (G-&nial
Universal Injectable and everX-Flow) have
low water sorption, where bis-MEPP is
considered a rigid monomer which is more
hydrophobic 37 compared with bis-GMA
monomer and dimethacrylate co-monomers
in everX posterior and G-aenial posterior
composite respectively. Therefore, the low
water sorption of the bis-MEPP based
flowable resin composites may be the cause
for their increased fracture resistance after
aging.

The impact of thermocycling on the
degree of conversion (DOC); the post-curing
effect and its association with the mechanical
characteristics of the flowable composite
resin; could also account for the rise in
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fracture toughness of the flowable composite
resin after aging. The release of unreacted
monomers, which rises with heat shocks and
storage duration, could be the reason why the
DOC rises gradually.>*

Finally, the null hypothesis was
refused, as the various types, placement
techniques and aging did affect the fracture
resistance and the highest fracture strength
values were obtained with the bulk-fill
flowable SFRC group.

Conclusions
Within the limitations of this study, it could
be concluded that:

1. The flowable resin composite materials
had a higher value of fracture resistance
than the packable resin composite
materials after aging.

2. The bulk-filling technique, especially
with short fiber reinforced composites,
showed improved fracture resistance
values than the incremental conventional
technique.

3. Thermocycling at (5000  cycles)
deteriorates the fracture strength of
packable composite resin materials while
it enhanced the fracture strength of the
flowable composite resin materials.
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