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Objectives: This study aimed to comprehensively evaluate the mechanical and
physical properties of six commercially available flowable dental composite
resins, providing critical insights for informed material selection.

Materials and Methods: Six flowable composite resin materials namely Edge Flow
(EDF), Opallis Flow (OPF), Els Flow (ELF), Denfil Flow (DFF), DX Flow (DXF), and
Charisma Flow (CHF) were tested according to ISO 4049 standards. Each material
underwent evaluation of depth of cure, flexural strength, solubility, water sorption, and
radiopacity. Statistical analyses with ANOVA and post-hoc Tukey test were conducted
to identify significant differences among the six study groups (alpha=0.05).

Results: Significant material-specific differences were noted in depth of cure and
flexural strength among the six study groups (P<0.05). Solubility and water
sorption profiles were also significantly different among the study groups
(P<0.05). All tested composite resins met the required radiopacity standards,
ensuring accurate radiographic diagnosis and monitoring. However, none of the
composite groups achieved an exact color match with the A2 reference shade.

Conclusion: This study revealed significant differences in mechanical properties
of flowable composites, particularly in depth of cure and flexural strength,
underscoring the importance of selecting the appropriate material. Shade
matching presented ongoing challenges, emphasizing the need for careful material
selection. Future research should explore long-term clinical performance and
standardized methods for handling of pre-test failures.
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INTRODUCTION

Dental composite resins have significantly
contributed to the advancement of restorative
dentistry, offering a diverse range of options
for clinicians to address various clinical
scenarios. Among these materials, flowable
composite resins have emerged as a popular
choice due to their low viscosity, which

facilitates flow and accelerates filling,
enhanced delivery by using a syringe, and
superior cavity adaptation [1].

However, the mechanical and physical
properties of flowable composites, including
depth of cure, flexural strength, solubility,
water sorption, and radiopacity, are critical
determinants of their clinical performance and
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long-term  success. Understanding the
differences in these properties among
different flowable composites is essential for
informed material selection and successful
restorative outcomes [2,3].

Depth of cure refers to the maximum thickness
of a material that can be effectively cured,
ensuring adequate polymerization of the
entire restoration [4]. It is a fundamental
property that influences the clinical
effectiveness, longevity, and durability of
light-cure restorations while a reduction in
curing depth could potentially lead to reduced
mechanical properties and increased risk of
secondary caries [3].

Flexural strength is another key property of
dental composites, reflecting their ability to
resist deformation and fracture under loading,
which is particularly important for restorations
in stress-bearing areas, as in the posterior
region. Comparative evaluation of the flexural
strength of different flowable composites is
essential to identify materials that can meet the
demanding mechanical requirements of various
restorative applications [5].

Excessive solubility and water sorption can lead
to material degradation, discoloration, and
compromised mechanical properties over time,
potentially undermining the success of
restorations [6,7]. Additionally, radiopacity of
a composite resin ensures proper detection of
secondary caries, and enables the assessment
of restoration integrity through diagnostic
imaging. Therefore, accurate
characterization and comparison of the
radiopacity of different flowable composites
are essential for their appropriate clinical use
and ensuring reliable outcomes [8]
Considering the inherent variability in the
composition and mechanical properties of
flowable composites, a thorough evaluation of
these materials is imperative for evidence-
based  clinical  decision-making.  This
investigation is pivotal to ensure selection of
materials that align with specific clinical needs,
ultimately enhancing the overall quality and
longevity of dental treatments. Thus, this
comprehensive study was conducted on six
dental flowable composite resins to find
possible differences in their depth of cure,
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flexural strength, solubility, water sorption, and
radiopacity to contribute to the advancement of
evidence-based clinical practice and facilitate
the development of more effective and durable
dental restorations.

MATERIALS AND METHODS

Six flowable composite resins, including
nano-hybrid and micro-hybrid formulations,
namely Edge Flow (EDF), Opallis Flow
(OPF), Els Flow (ELF), Denfil Flow (DFF), DX
Flow (DXF), and Charisma Flow (CHF) were
selected to represent a range of dental
materials with diverse chemical
compositions. The composite resins were
prepared and handled according to their
respective manufacturer’s instructions to
maintain consistency. Testing  was
conducted according to ISO 4049:2019
standards [9], for evaluation of dental
composite properties. To enhance the
accuracy and robustness of flexural strength
comparisons, the number of specimens was
increased to 10 per group, doubling the ISO-
recommended 5 specimens. The specific
brands and types of composite resins used in
this study are listed in Table 1.

Depth of cure:

The curing process and subsequent removal of
excess material were performed by two
experienced researchers to ensure consistency
in sample handling, which is crucial for
achieving accurate and reproducible results.
Composites were cured using a calibrated LED
curing light (BluePhase, Ivoclar Vivadent,
Liechtenstein) with an intensity of
700mW /cm?, adhering to ISO specifications.
According to ISO 4049 [9], three specimens per
group were prepared by filling a mold placed
between transparent films on glass slides,
carefully eliminating air bubbles. The mold was
slightly overfilled, pressed between the slides
to remove excess material, and light-cured as
recommended by the manufacturer. After
irradiation, uncured material was removed
with a spatula, and the height of polymerized
cylinders of composite resin was measured
using a digital micrometer (Mitutoyo, Japan)
with 0.1mm accuracy, and divided by 2 as per
ISO guidelines.
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Table 1. Flowable composite resins with A2 shade used in this study

Bis-GMA,

Edge Flow Nanq- 00510202010 BDDMA, Silica, glass- 93nm- 55 Hamerz Medical
(EDF) hybrid DUDMA ceramic 4um wt.% Co. (Iran)
. Barium-
Opallis Micro- B¥S_GMA’ aluminum 0.05pm 72 FGM Dental Group
. 020223 Bis-EMA, e e and o .
Flow (OPF)  hybrid TEGDMA silicate, silicon Sum wt.% (Brazil)
dioxide
Els Flow Nano- E781 BisGMA, Barium glass, 0.07um- NA Saremco Dental
(ELF) hybrid BisEMA silicon dioxide  2.6um ) AG (Switzerland)
Denfil Flow Micro- FR2932A2 Bis-GMA, Barium glass, 0.01- 60 Vericom Co. Ltd.
(DFF) hybrid TEGDMA  silica 2.5um wt.% (Korea)
DX Flow Nano- Sino-dentex Co.
(DXF) hybrid /A&l NA NA NA NA.- "~ Ltd (Taiwan)
Barium
Charisma . . aluminum
Opal Flow ?‘Eﬁ‘i’é N010218 EE&%“&‘X fluoride glass, g'ori“m' ‘6NZW F&‘éﬁaim)b}l
(CHF) Y dispersive H 0 y
silicon dioxide

Abrr.: Abbreviation; Bis-GMA= bisphenol A-glycidyl methacrylate, BDDMA= 1,4-Butanediol dimethacrylate, DUDMA= Diurethane
Dimethacrylate, Bis-EMA= ethoxylated bisphenol A diglycidyl methacrylate, TEGDMA= triethylene glycol dimethacrylate

Flexural strength:

The flexural strength of each composite resin
was measured according to ISO 4049:2019
standards to assess mechanical integrity
under stress. Ten bar-shaped specimens
(25mmx2mmx2mm) were prepared for each
group by injecting the composite into
standardized molds, avoiding air bubbles. A
glass slide replaced one of the mold’s metal
plates to facilitate light curing. Irradiation of
the entire specimen length was performed by
the overlapping technique, and repeated for
the opposite side. After curing, the specimens
were placed in a water bath at 37%1°C
temperature for 15 minutes to simulate oral
conditions and relieve residual stresses. Next,
excess material was removed, and the
specimens were stored in distilled water for
24 hours. Before testing, the specimen
dimensions were verified with a digital caliper
(Mitutoyo, Japan). The specimens were tested
using a three-point bending setup on a
universal testing machine with a 200 kgf load
cell (Bongshin, Seongnam, Korea) at a
controlled speed of 0.75%£0.25mm/minute.
Flexural strength was calculated using the
following formula:
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3Rl
7= 2pn2

Where F is the maximum load applied at
fracture (in Newtons), 1 is the support span
(20mm), b is the width, and # is the height of

the specimen (both in millimeters).
Water sorption and solubility:

Water sorption and solubility of the composite
materials were evaluated according to ISO
4049:2019 standards to assess their stability and
environment.

degradation
Composite

in an aqueous

specimens were prepared

standardized circular molds (15mm diameter,
Imm thickness), ensuring their flat, uniform
surface. Each specimen was cured using a
calibrated LED curing light from both sides. After
curing, excess material was removed with a
1000-grit abrasive paper to achieve smooth
edges. The specimens were conditioned in a
desiccator at 37£2°C for 22 hours and then at
23+1°C for 2 hours; this process was repeated
until a constant dry mass (m,) was reached. The
specimens were then immersed in distilled water
at 37+2°C for 7 days, blotted, and weighed to
obtain the wet mass (m;). They were returned to
the desiccator until achieving a constant post-
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conditioning mass (msz). Water sorption (Wgp)
was calculated in micrograms per cubic
millimeter (pg/mm?) using the following
formula:

The solubility (Wq) was measured accordingly:

m;—m
Wg = . % s
Radiopacity:

Disc-shaped specimens were prepared
accordance to ISO 4049:2019, ensuring a
standardized thickness within the range of
1.0+£0.1mm. The radiopacity of each specimen
was evaluated by comparing the optical density
of the specimens to that of an aluminum step
wedge, providing an aluminum equivalent
value that quantifies the material's radiopacity.
Shade assessment:

Disc-shaped specimens were fabricated
from each composite type with 1.0£0.1mm
thickness to evaluate their shades. A digital
spectrophotometer (VITA Easyshade; H.
Rauter GmbH & Co. KG, Germany) was used
to compare each specimen’s color against
the Vita shade system, documenting the
closest match. The spectrophotometer was
calibrated by positioning the probe tip on
the calibration port aperture prior to each
specimen measurement. For the
measurements, the probe tip was held at a
90-degree angle relative to the tooth surface.
In line with the manufacturer's guidelines,
the readings were considered valid when
two consecutive, identical measurements
were made for each region. All shade
selections were done under D65 light source
against a standard white background
(measured as L*=99.0, a*=0.0, b*=2.2,
C=2.2,H=90).

Statistical analysis:

Statistical analysis was performed to evaluate the
significance of differences observed among the
study groups in various tests. One-way ANOVA
was applied for general comparisons, followed by
pairwise comparisons with the Tukey’s post-hoc
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test. All data were analyzed using SPSS version 26
(SSPS Inc., Chicago, IL, USA), and the results were
considered statistically significant with P values
less than 0.05.

RESULTS

Depth of cure:

Figure 1 illustrates the depth of cure of the
tested composite resins. The results indicated
that OPF and DXF achieved the highest depth of
cure (2.65x0.09mm and 2.67+0.11mm,
respectively). In contrast, EDF and ELF
exhibited the lowest depth of cure
(2.2+0.08mm and 2.24+0.06mm, respectively).
Statistical analysis showed a significant
difference in the depth of curing among the
tested materials (P<0.05). Nonetheless, all
tested materials showed a depth of cure
within the clinically acceptable range of
2mm, underscoring their suitability for
dental restorations.

Edge Flow Opallis elsFlow Denfil DXFlow Charisma
Flow Flow Flow

~
(%]

(8]

Depth of Cure (mm)
- b

2
"

Fig 1. Depth of cure of each composite resin, with OPF
and DXF showing the highest, and EDF and ELF
showing the lowest depth of cure, all within the
clinically acceptable range.

Flexural strength:

Figure 2 presents the flexural strength values
of the tested composites, ranging from
69.8+19.3MPa to 91.8£19.9MPa. Despite the
observed variations in flexural strength
among different materials, statistical analysis
revealed that the differences were not
significant (P>0.05). It is worth mentioning
that a total of 4 pre-test failures were observed
in the EDF group, which were accounted for by
preparing additional specimens to maintain a
consistent sample size across the groups.
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Flexural Strength (MPa)
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Edge Flow  Opallis els Flow Denfil Flow DXFlow Charisma
Flow Flow

Fig 2. Flexural strength of composite resins. Despite
the observed variations in flexural strength among
different materials, statistical analysis revealed that
these differences were not significant (P>0.05).

Radiopacity:

Table 2 presents the radiopacity values of the
tested composite resins. Notably, all groups
exhibited radiopacity values surpassing
2.5mm thickness of aluminum, with OPF
registering as the most radiopaque, equivalent
to 4.5mm thickness of aluminum.

Shade assessment:

The shade assessment results are summarized
in Table 2. Despite all the study groups having
A2 shade as the reference, none of them
achieved a perfect match to A2. Some groups,
such as DXF, and CHF, exhibited higher values,
indicating a lighter shade than A2, while
others, including DFF, EDF, OPF, and ELF,
showed lower values, indicating a darker
shade than A2.

Table 2. Results of radiopacity and shade assessment

Edge Flow 2.5mm B3
Opallis Flow 4.5mm A3
Els Flow 2.5mm B3
Denfil Flow 3mm B2
DX Flow 2.5mm Al
Charisma Flow 3.5mm Al

Water sorption and solubility:

As depicted in Figures 3 and 4, DFF exhibited
the highest water sorption among all
experimental groups (21.05+0.85pg/mL), and
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the difference in this regard was statistically
significant (P<0.05). Other groups did not
show significant differences, except for OPF
and CHF (P<0.05). Regarding solubility, the
experimental groups were divided into two
significantly different categories (P<0.05).
EDF, OPF, and DFF demonstrated minimal
solubility; whereas ELF, DXF, and CHF did not.
Although statistically significant differences
were found among the groups, all
experimental groups met the specifications
outlined by ISO and are therefore suitable for
clinical use.

-k

Edge Flow Opallis elsFlow Denfil DXFlow Charisma
Flow Flow Flow

25

Water Surption (ug/ml)
—
(=]

(51

Fig 3. Water sorption of composite resins

L 4 iil

Edge Flow Opallis elsFlow Denfil DXFlow Charisma
Flow Flow Flow

6

5

S

[

Solubility (pg/ml)
w

Fig 4. Solubility of composite resins

DISCUSSION

This study revealed significant variations in
the mechanical properties of the six flowable
composites evaluated, particularly in terms of
depth of cure and flexural strength, which are
critical for clinical performance and longevity
of restorations. OPF and DXF demonstrated
the highest depth of cure values, while EDF
and ELF exhibited the lowest. The depth of
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cure is a crucial factor in preventing issues like
porosity, polymerization shrinkage, and
incomplete curing, and can compromise the
integrity of restorations over time, if it is not
adequate [9,10]. The depth of cure is
influenced by various factors, including the
intensity of light, the composition and light
transmission properties of composite resins,
depth of cavity and restoration, duration of
light exposure, and type of light source [11].
Filler volume also plays a significant role in
this regard. A previous study reported that
higher filler content may increase hardness
and depth of cure due to improved structural
density [12]; while some other studies
suggested that higher filler particles may
reduce light penetration by increasing opacity,
limiting polymerization at greater depths [13-
15]. In the context of the present study, no
clear correlation was observed between the
filler particle size or composition and depth of
cure. Contrary to the findings of a previous
study [16], lower filler loading of EDF did not
result in an increased depth of cure. In fact,
EDF exhibited the lowest depth of cure among
all groups. This may be attributed to the
presence of bulkier monomers, such as
BDDMA and DUDMA in its resin composition,
which can scatter and absorb light, further
reducing the depth of cure, as opposed to the
smaller and more flexible TEGDMA found in
other products [17]. Additionally, some
formulations with optimized filler types and
distributions have shown improved depth of
cure by facilitating light transmission despite
higher filler levels [18,19].

Flexural strength, which measures a material’s
ability to withstand forces during mastication,
is another critical parameter [20]. While there
were no statistically significant differences
between the groups, it is noteworthy that
some groups, namely ELF and DXF, had mean
values below 80 MPa, which is considered as
the acceptable threshold according to ISO
4049 [21]. The clinical significance of this
finding, however, remains open to debate.
While some studies suggest that flowable
composites should not be used to restore large
cavities that are subjected to considerable
stress [22], there is also clinical evidence
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supporting the successful use of flowable
composites in posterior teeth [3,23].
Ultimately, it has been suggested that general
practitioners predominantly use flowable
composites as liners [24].

As a notable observation in the present study,
the EDF group exhibited a considerable rate of
specimen pre-test failure compared to the
other groups. Pre-test failure handling
remains an ongoing challenge in dental
material evaluation, particularly in bond
strength studies [25,26]. While the occurrence
of pre-test failures may reflect certain
shortcomings in the material's ability to meet
the performance requirements, there is no
widely accepted method to address this issue.
Additional specimens were fabricated in the
present study to compensate for the pre-test
failures in the EDF group. However, it is
important to recognize that this approach may
introduce bias into the study results. Future
research should focus on developing
standardized methods for handling of pre-test
failures to ensure the validity and reliability of
data analysis. Additionally, exploring alternative
approaches, such as statistical techniques or
sensitivity analyses, may help mitigate potential
biases related to pre-test failures.

The radiopacity of dental composite resins
holds significance for various reasons.
Primarily, it plays a critical role in
identification of secondary caries and
radiographic visualization of the interface
between the materials and dental substrate
[27-29]. While all study groups demonstrated
satisfactory levels of radiopacity, it was
observed that composites containing barium-
aluminum glass fillers, i.e, OPF and CHF,
exhibited higher radiopacity.

Shade assessment was also performed in this
study to evaluate the color match of the
composites against the A2 reference shade.
Despite A2 being the reference shade for all
groups, an exact match could not be achieved
with any of the tested composite resins.
Instead, variations in shade were observed
across different composite formulations.
These discrepancies highlight the challenges
in achieving a precise color match in dental
composites and underscore the importance of
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carful shade selection and customization in
clinical practice to ensure optimal esthetic
outcomes. This study specifically aimed to
investigate whether an A2 shade composite can
genuinely correspond to the standard Vita shade
and other commercially available products.

The present results revealed notable color
discrepancies among products from different
manufacturers, despite being marketed
under the same shade. This could pose
challenges in shade matching and result in
inconsistencies when aiming for desired
color outcomes in diverse applications. With
the increasing trend towards restoring
defective restorations, color match becomes
a significant challenge [30,31]. It s
imperative for the manufacturers to
address this issue and provide accurate
shade-matching options. Based on the
present results, visual observation still
emerges as a predictable method for
matching the color of restorative materials
with the desired substrate, be it a tooth,
ceramic, or old composite.

The resin composition notably affects the water
sorption and solubility behavior of composite
resin materials. Water sorption is closely linked
to solubility, which involves the release of
residual products such as monomers and
oligomers [32]. However, the results of these
two assessments did not show a close
correlation, as DFF exhibited the highest water
sorption while having considerably lower
solubility compared to ELF, DXF, and CHF. It is
also noteworthy that, despite the low filler
loading of EDF (55%), there was no statistical
difference in solubility and water sorption
between this group and OPF, which had the
highest filler loading (72%). This finding may
be attributed to the resin composition of EDF,
which includes bulkier monomers. EDF, OPF,
and DFF demonstrated minimal solubility;
whereas ELF, DXF, and CHF did not. This
discrepancy cannot be attributed to the filler
particle size of these flowable composites, as
EDF is a nano-hybrid composite while OPF and
DFF are micro-hybrid composite resins.
Overall, this study wunderscored the
importance of selecting composites based on
clinical needs, and calls for further research on
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pre-test failure handling and long-term
clinical performance.

This study revealed significant differences in
depth of cure, flexural strength, and other
properties among the tested six flowable
composites. OPF and DXF showed superior
depth of cure, while EDF and ELF showed
lower values, which may highlight the need for
incremental application in deeper
restorations. Flexural strength results suggest
that flowable composites may be best suited
for use as liners rather than in large, stress-
bearing restorations. Radiopacity was the
highest in composites with barium-aluminum
fillers, such as OPF and CHF, enhancing
diagnostic visibility. Shade matching remained
a challenge, highlighting the need for careful
selection and customization to achieve
optimal esthetic outcomes.
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