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Evaluation Of Compressive Strength Among Different Types Of
Composite Resin: An in Vitro Study
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ABSTRACT

Background and Objectives: Wearing of composite is a major challenge in resin-based restoration, the aim of
this study was to evaluate the compressive strength of different types of composite resin based on their filler
content.

Material and Methods: Forty specimens of resin composite have been used in a cylindrical shape with height of
four millimeter and a diameter of five millimeter. The 40 specimens were divided into two main groups accord-
ing to the type of composite brand, each group consisted of 20 specimens, with further subdivision into two
subgroups according to the filler content of composite. Group A: Charisma, Group B: Bisico. In Subgroups Al
and A2: Micro and Nano Charisma were used. In Subgroups B1 and B2 Micro and Nano of Bisico were used. A
universal testing machine was used to determine the compressive strength of each specimen. Statistical analy-
sis was performed using SPSS to compare between the groups.

Results: There was a significant difference between B1 (Microfiller Bisico Composite) and B2 (Nanofiller Bisico
Composite), B1 had higher compressive strength. While there was no significant difference between Al
(Microfiller Charisma composite) and A2 (Microfiller Charisma composite)

Conclusion: Within the limitation of this study, it was found (A1) Microfiller Charisma composite, (B1) Micro-
filler Bisico composite, and (A2) Nanofiller Charisma composite, has the highest compressive strength re-
sistance, so they can withstand greater compressive stress and are recommended for use in posterior teeth.

Keywords: Compressive strength, universal testing machine, composite resin, filler particle, micro composite,
laboratory research, in vitro study
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INTRODUCTION

The ultimate aim of any dental restorative proce-
dure is to replace the functional and aesthetic
qualities of the remaining tooth structure. Amal-
gam and gold, which were previously employed
in these procedures, have been supplanted by
dental resin composites, particularly valued for
their conservative tooth Preparation, especially in
restoring posterior teeth.

Resin composites are now used in more than half
of posterior restorations. Regretfully, there is still
much space for improvement due to the necessity
of these mechanical property restorations, partic-
ularly when it comes to their differences in ther-
mal expansion, polymerization shrinkage, and
polymerization stresses in addition to wear re-
sistance, marginal leakage, and toxicity.>
Comparing the compressive strength of newer
posterior composites through an in-vitro study is
crucial for assessing their suitability for dental
restorations. This research can provide valuable
insights into the material's performance and help
inform clinical decisions and advancements in
restorative dentistry. The outcome can contribute
to selecting the most appropriate com})osite mate-
rials for specific clinical applications.

The qualities of dental restorative materials pre-
sent a number of difficulties, and finding the per-
fect material for restoration is still a work in pro-
gress. The following criteria should be met by the
perfect restorative material: (a) mechanical prop-
erties; (b) application; (c¢) biocompatibility; and
(d) aesthetics. However, a thorough understand-
ing of how current dental materials react to static
and dynamic loadings is necessary for the devel-
opment and application of future restorative den-
tal materials.’

When selecting a core material, strength is a cru-
cial factor to consider. The material should pos-
sess adequate tensile and compressive strength
(CS) to withstand forces exerted by mastication
in several directions. Better resistance and a more
even distribution of stress will result from this,
with lower rates of tensile or compressive fail-
ure.*

Composite resins have become an integral com-
ponent of modern restorative dentistry, offering
both esthetic and functional benefits. Their me-
chanical properties, including compressive
strength, play a pivotal role in determining their
suitability for various clinical applications. The
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continuous development of composite resin mate-
rials has resulted in a wide array of options avail-
able to dental practitioners. However, a compre-
hensive understanding of how different types of
composite resins perform in terms of compressive
strength is essential for making informed clinical
decisions.”

Composite resins are becoming more popular for
dental restoration due to its advantageous charac-
teristics such as low cost, conservative approach,
accleptable esthetics, and low thermal conductivi-
ty.

Composite resins' physical and mechanical prop-
erties have significantly improved in recent years,
yet they still have major drawbacks. Polymeriza-
tion shrinkage is a typical issue in light-cure com-
posite resins.’

Mastication exposes composite restorations to
repetitive mechanical stresses and chemical im-
pacts. Wear occurs when forces greater than the
mechanical strength of the composite is applied.
Occlusal wear causes composite restorations to
lose their anatomical form. As a result, the wear
resistance of a composite resin is critical for the
long-term success of restorations. As a result,
wear resistance similar to natural teeth is a critical
need for dental restorative material.®

Wear resistance and strength of composite are
important features of posterior restorations. Com-
posite resin has many types based on filler parti-
cle size, composition and physical properties.
Several types of composites were introduced over
the years to overcome the problems of composite
resin and to determine which type is better than
others by measuring different properties. In order
to evaluate and compare different composite res-
ins, compressive strength test is applied.’

Dental resin composites are primarily categorized
based on the average size of inorganic filler con-
tent. The market was introduced to nano compo-
sites due to their purportedly good mechanical
capabilities, low polymerization shrinkage, strong
wear resistance, great polishability, and excellent
optical qualities. Isolated nanoparticles and
milled glass fillers make up the majority of the
nano-hybrid kinds. In contrast to other composite
types, nano-filled composites have discrete nano-
filler particles and agglomerated particles, called
"nanoclusters" which provide reinforcement
mechanisms that increase their strength. Other
approaches to classifying composite resins sug-
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gested because of variations in mechanical char-
acteristics within each group resulting from com-
positional changes. Despite the organic matrix's
demonstrated direct influence on their mechanical
performance, its mechanical behavior was disre-
garded.”

None of the composite materials have the capabil-
ity to achieve both the functional demands for
posterior class one and class two restorations and
the elevated aesthetic requirements for anterior
teeth restoration. The introduction of nanotech-
nology in material science has paved the way for
nano-composites, which effectively meet these
dual criteria. Nano-composites show improved
mechanical properties, including improved com-
pressive strength, resistance to fractures, diamet-
rical tensile strength, wear resistance, reduced
polymerization shrinkage, high translucency, su-
perior polish retention, and enhanced aesthetics.
Manufacturers assert that these materials excel in
providing both aesthetic appeal and robust me-
chanical properties while also being compatible
with oral tissues and offering long-lasting restora-
tion outcome. Therefore, comprehensive testing
across all parameters is critical.""®

Using a universal testing machine (UTM) to eval-
uate the compressive strength of different compo-
site resins is a well-established and reliable meth-
od in materials testing. The UTM provides con-
trolled and precise compression forces to assess
the mechanical properties of materials.’

The use of a Universal testing machine (UTM) in
the present study guarantees a rigorous and sys-
tematic approach to evaluate the mechanical prop-
erties of these composite resins. This methodolo-
gy ensures that the obtained data is reliable and
directly comparable, enabling a thorough and ob-
jective evaluation of their compressive strength
characteristics.

This in-vitro study aims to systematically evaluate
and compare the compressive strength of various
types of composite resins currently available in
the dental market. The results of this research will
help clinicians and researchers gain insights into
the material properties of these composites, facili-
tating their selection for specific clinical scenari-
os. Additionally, it will contribute to the ongoing
pursuit of enhancing dental materials to meet the
ever-evolving demands of restorative dentistry.
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METHODS

This study evaluated the compressive strength of
micro-filler and nano-filler composite resins. Cy-
lindrical plastic molds (4 mm height x 5 mm di-
ameter) were used as mounting molds. Polysilox-
ane impression material (Durosil Putty, Germany)
was mixed according to the manufacturer’s in-
structions and placed into the molds. Within the
working time (1 min 15 sec), all specimens were
positioned vertically at the center of the material.
The molds were then left undisturbed until the
material had set (Figure 3).

Composites of two different manufacturers
(Bisico and charisma) (Figure 2) chosen, nano-
hybrid composite resin and micro-hybrid compo-
sites used for comparing compressive strength of
each one of them, samples were prepared in cylin-
drical shape with diameters of five millimeters
and height of four millimeters.

Composite resins were placed in silicone molds
with incremental technique using two layers of
composite, placed by composite manipulation in-
struments, each layer of composite light cured
with soft start curing mode by placing glass slab
of 2 millimeters thickness to standardize the dis-
tance between the light cure and the composite
resin for all samples. 10 specimens assigned for
each group (Figure 1) After the procedure, all
samples were kept in distilled water for 24 hours
in dark room with elimination of any light to af-
fect the specimens until the next day prior to the
experiment. For compression strength testing of
the samples, the upper grip and lower grip of the
universal testing machine were checked and ad-
justed before each run. Specimens were then test-
ed one by one at a standardized crosshead rate of
2 mm/min, in accordance with ISO 4049 specifi-
cations for polymer based restorative materials.
The testing process involved subjecting speci-
mens to compressive loads until they reach their
breaking point (Figure 4). The maximum force
endured by each specimen is recorded, enabling
the determination of compressive strength.

DOI: doi.org/10.15218/ed]j.2025.17



Composite
Sample Grouping

40 Samples

Al Micro
Charisma

10 Samples

Figure 3. Prepared samples

RESULTS

Data obtained from the compressive strength test
for four different groups of composite resin under-
went a one-way ANOVA statistical test and post
Hoc test (multiple comparison) (Table 1&2). The
maximum load applied to each sample was evalu-
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Group B Bisico

20 Samples

Figure 4. Universal testing machine, com-
pressive strength test

ated in Newtons. When the comparison was done
between groups, significant differences found
among them.

Group Al (Micro composite Charisma) and A2
(Nano composite Charisma) showed no significant
difference (0.242). Also there was no significant
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difference between group Bl (Micro composite
Bisco) and A2 (Nano composite Charisma)
(0.318), while there were significant differences
among other groups. The significance level be-
tween B2 (Nano composite of Bisico) with Al
(Micro composite of Charisma) was (0.007), with
B1 (Micro composite Bisco) was (0.000) and with
A2 (Nano composite Charisma) was (0.000). Then
A1 micro-Charisma compared with B1 micro Bis-
co, there was also significant difference between
them (0.038). When (A1) Micro filled Charisma
composite compared with (A2) Nano filled Cha-
risma composite, no significant difference found

EDJ

(0.242) between them even though their filler par-
ticles are different. While when (B1) Micro filled
Bisico composite compared with (B2) Nano filled
Bisico composite, there was significant difference
that micro filled bisico composite has higher com-
pressive strength than nano filled bisico composite
(0.000). When A1 micro charisma compared with
B1 micro Bisico composite resin, the results
showed that that micro Bisico composite resin was
better than micro charisma (Table 2). Lastly when
A2 nano charisma compared with B2 nano Bisico
composite resin the results found that nano charis-
ma had better compressive strength.

Table 1. Comparison of compressive strength value of nano composite group and micro
composite group by using ANOVA test

max load(N) Between Groups | 16554363.102 3 5518121.034 9.519 | 0.000
Within Groups | 21448413.006 37 | 579686.838
Total 38002776.108 40

Table 2. Comparison of compressive strength value of nano composite group and micro
composite group by using Multiple Comparisons

ﬁ)lzz N) nano B | micro C | -977.88400 340.49577 0.007 | -1667.7940 -287.9740
micro B | -1709.86300 | 340.49577 0.000 | -2399.7730 -1019.953
nano C | -1373.44836 | 332.66723 0.000 | -2047.4962 -699.4005
micro C | nano B | 977.88400 340.49577 0.007 | 287.9740 1667.7940
micro B | -731.97900 340.49577 0.038 | -1421.8890 -42.0690
nano C | -395.56436 332.66723 0.242 | -1069.6122 278.4835
micro B | nano B | 1709.86300 340.49577 0.000 | 1019.953 2399.7730
micro C | 731.97900 340.49577 0.038 | 42.0690 1421.8890
nano C | 336.41464 332.66723 0.318 |-337.6332 1010.4625
nano C | nanoB | 1373.44836 332.66723 0.000 | 699.4005 2047.4962
micro C | 395.56436 332.66723 0.242 | -278.4835 1069.6122
micro V | -336.41464 332.66723 0.318 |-1010.4625 337.6332
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DISCUSSION

In terms of mastication and resistance against par-
afunctional stresses, the mechanical characteris-
tics of restorative materials are significant predic-
tors of success. Various factors influence the me-
chanical characteristics and clinical efficacy of
restorative materials. '’

The incorporation of fillers into dental restorative
composites is a crucial step in improving their me-
chanical, tribological, and physical characteristics.
It has been demonstrated that adding fillers in dif-
ferent forms, sizes, and weight percentages greatly
increases the material's strength, resilience to
wear, and longevity. The filler particles' treatment
with silane, a substance that improves adhesion
between the fillers and the resin matrix, is a cru-
cial step in this reinforcing procedure. This
stronger bonding creates a more cohesive struc-
ture and improves the composite's overall me-
chanical qualities. International standards are nec-
essary to provide a framework for evaluating
these materials' performance and guaranteeing
quality in therapeutic applications, as well as con-
sistency and reliability. In the end, filler technolo-
gy improvements lead to last longer and more ef-
fective dental restorations, which is advantageous
for both dentists and patients."!

Since most masticatory forces are compressive by
nature, compressive strength plays a crucial part
in the mastication process. The original cross-
sectional area of the test specimen and the highest
force applied are used to compute the maximum
resistance to compression. '

In terms of mastication and resistance against par-
afunctional stresses, the mechanical characteris-
tics of restorative materials are significant predic-
tors of success. Various factors influence the me-
chanical characteristics and clinical efficacy of
restorative materials.'’

The compressive strength values of naturally min-
eralized tissues may serve as the basis for a thera-
peutically meaningful compressive strength value.
It has been determined that enamel has a compres-
sive strength of 384 MPa. However, compared to
other teeth, which typically have lower fracture
strengths, natural teeth have a fracture strength of
about 305 MPa. The latter figure might provide a
useful mechanical benchmark to choose the ideal
strength of composite resins for posterior teeth.'?
The filler system has undergone the most dramatic
alterations in recent years in commercial compo-
sites. Commercial composites' resin matrix filler
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particle sizes have been steadily getting smaller,
leading to nanofilled and nanohybrid materials
with better material properties. '

Nanohybrid composites are hybrid resin compo-
sites made up of discrete nanoparticles or nano-
fillers in pre-polymerized filler form as well as
finely milled glass fillers. The fact that some com-
posites with nanofillers added to traditionally
filled hybrid type composites have been classed as
nanohybrid composite resins may explain why the
performance of nanohybrid composite material is
dependent on."*

Because teeth and restorations are constantly sub-
jected to compressive forces during chewing,
compression is a crucial factor to take into consid-
eration when choosing composite resin materials
for clinical purpose. Additionally, assessment of
its quality is crucial for restorations placed on pos-
terior teeth. The chewing pressures make the com-
pressive strength test extremely crucial and simple
to conduct.”

The qualities of modern composites can vary
greatly depending on the filler size, morphology,
volume, distribution, chemical composition, ma-
trix, and photo-polymerization initiator. Silica,
quartz, ceramic, and zirconium make up the fill-
ers. Reduced polymerization shrinkage, linear ex-
pansion coefficient, and water absorption are as-
sociated with higher filler content. On the other
hand, the compressive and tensile strength, the
elastic modulus, and the wear resistance are often
increased with increasing filler content.'®

The concentration of the filler particles in dental
composites affects their mechanical qualities. In a
nutshell, the qualities of a composite and its densi-
ty are exactly proportional to one another. It is
generally accepted that mechanical characteristics
increase with increasing filler loading."”

The findings of this study are consistent with ear-
lier research, which indicates that increasing the
volume fraction of filler particles was the main
factor in enhancing the compressive strength of
dental composites. The current study's findings,
however indicate a correlation between compres-
sive strength and filler fraction. The manufactur-
ing brands of nanocomposites are extremely di-
verse. As the filler quantity and size specified by
the manufacturer directly affect the physical and
mechanical properties of composite resin materi-
als, the volumetric content of the inorganic parti-
cles may be used to explain the study's results.'” '®
According to a study done by Kiran KV and his
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colleagues found, compressive strength of nano-
composites is higher than micro hybrids while in
this study Micro hybrid of BISICO showed greater
performance under compressive strength.'’

In another study done by John and Hedge in 2022
the results are consistent in term of the micro hy-
brid composite resin has a comparable compres-
sive strength with nano hybrid composite resins
allows it to be used under posterior restorations.'
There is still a discrepancy between the experi-
mental and theoretical data for the compressive
strength of photocurable composite resin, which is
expected to be 246-448 MPa, and the compressive
strength of self-curing titanium composite resin,
which is expected to be 212-280 MPa. As a result,
the material should be tested longitudinally
through controlled clinical trials. After placing the
composite resin in distilled water at various tem-
peratures, Chadwick et al. carried out thermal cy-
cling. They discovered that the compressive
strengths of various composite resins varied in re-
sponse to temperature changes. The compressive
performance of composite resin materials is typi-
cally between 240 and 320 MPa.'* %

A comparable experiment was also carried out by
Carreiro et al. The compressive strengths of vari-
ous composite resin materials were tested after
being submerged in distilled water for 180 days.
They discovered that there was little variation in
the composite material's compressive perfor-
mance. The composition of the resin and filler vol-
ume may have an impact on the compressive
strength differences observed amongst various
composite material types.*! **

There are several different nano-composites avail-
able on the market. To achieve the right material,
the best strength and the lowest postoperative sen-
sitivity frequently confounds the clinician. This
study compares the compressive strength of four
distinct kinds of commercially available compo-
site materials.

In this study when we compared Charisma compo-
site of two different filler content (Micro and
Nano) the results were similar, they had similar
physical performance under compression while
the Bisico composites (nano and micro) micro
filled composite showed a better physical perfor-
mance under compression stress. The findings of
this study shows that micro filled composite and
nano filled composite can give similar perfor-
mances under compression stress. This study
shows differences between and among the groups,
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further studies are recommended to support the
findings of these results.

CONCLUSION

Within the limitation of this study, we found out
that (Al)Microfiller Charisma composite, (Bl)
Microfiller Bisico composite, and (A2)Nanofiller
Charisma composite, has the highest compressive
strength resistance, so they can withstand more
compressive stress, and it’s recommended to be
used in the posterior teeth. Further evaluation in
vitro studies are recommended with different
brands of composite resin with different filler con-
tents. Studies over comparison resin should be
continued until the most suitable filling composite
material will be achieved physically, mechanical-
ly, and chemically.
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