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Abstract: This study aimed to comprehensively compare the flexural strength, degree of conversion
(Dc), and repair flexural strength of three bulk-fill resin composites: SDR Plus, Beautifil Bulk Flow,
and EverX Posterior under simulated clinical conditions. Specimens of each composite (n = 10) were
fabricated and polymerized and their Dc was assessed using ATR-FTIR spectroscopy after 24 h. Bar-
shaped specimens underwent thermocycling and were tested for flexural strength using a three-point
bending test. Following the initial fracture, specimens were either repaired with the original composite
or with Filtek™ Supreme Flowable Restorative and then retested. Failure modes were analyzed
under stereomicroscopy. Data were statistically analyzed using one-way and two-way ANOVA with
significance set at p < 0.05. EverX Posterior showed significantly higher flexural strength (153.48 MPa)
but lower Dc (59.6%) compared to SDR Plus and Beautifil Bulk Flow, which presented higher Dc values
(68.33% and 66.27%, respectively). Repair flexural strength varied depending on the composite and
repair material, with fiber-reinforced EverX Posterior significantly benefiting from flowable composite
repair. Adhesive failure was predominant except for some cohesive failures in EverX Posterior repaired
with flowable resin. Fiber-reinforced composites demonstrated superior mechanical strength suitable
for stress-bearing applications, while flowable bulk-fill composites achieved higher polymerization
efficiency. Repair using flowable composites may enhance repair flexural strength, particularly for fiber-
reinforced bulk-fill materials. However, as this was an in vitro study without long-term aging, fatigue,
or bonding durability evaluation, the findings should be interpreted with caution and may not directly
reflect long-term clinical performance.

Keywords: Bulk-fill composites, fiber-reinforced resin, flexural strength, degree of conversion, composite
reparability

1. Introduction

Dental composites are the cornerstone of modern restorative dentistry due to their superior aesthetics,
handling properties, and clinical performance [I]. Among these, bulk-fill composites have gained
considerable acceptance for their ability to be applied in large increments, thus reducing clinical chair
time while maintaining adequate polymerization and mechanical strength [2,3].

Bulk-fill composites are generally classified by viscosity into flowable and high-consistency
types [4]. Flowable composites such as SDR Plus exhibit low viscosity and superior adaptability, making
them suitable for use as a base in deep cavities. Conversely, low- to medium-viscosity composites
like Beautifil Bulk Flow contain greater filler loading and enhanced mechanical strength, rendering
them appropriate for direct posterior restorations A newer class of fiber-reinforced bulk-fill composites,
exemplified by EverX Posterior, incorporates short E-glass fibers that significantly improve flexural
strength and crack resistance, particularly in stress-bearing areas [5]. Nevertheless, issues such as
polymerization shrinkage, incomplete degree of conversion, progressive mechanical degradation, and
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challenges in effectively repairing fractured restorations continue to compromise clinical outcomes [6,7].
Consequently, factors such as mechanical properties, efficiency of polymerization, thermal stability, and
repair flexural strength are essential for ensuring the long-term durability of bulk-fill composites [&].

In clinical practice, selecting an appropriate bulk-fill composite requires balancing factors including
ease of placement, curing efficiency, mechanical robustness, and reparability [9]. Despite the growing
use of fiber-reinforced composites, limited attention has been given to their flexural strength, thermal
stability, and reparability relative to conventional bulk-fill materials. Most studies have focused on
isolated properties such as polymerization depth or mechanical strength, with insufficient exploration
of how these factors interact to influence long-term restoration durability [10—12]. Repairing fractured
bulk-fill composites is particularly challenging, and there is no established consensus on the best clinical
protocols, especially for fiber-reinforced varieties. Flowable composites such as FiltekTM Supreme
Flowable Restorative have been suggested to improve the bond strength of repairs due to their low
viscosity and favorable wetting properties. Nevertheless, the application of fibre-reinforced bulk-fill
composites for repair is scarcely documented. Besides, the degree of conversion is a crucial factor
affecting both polymerization efficiency and the final mechanical behavior [13]. Fiber inclusions in
reinforced composites may cause light scattering, reducing the depth of cure and consequently lowering
the degree of conversion and mechanical integrity [14].

Addressing these gaps, the present study aims to comprehensively compare the flexural strength,
degree of conversion, and repair flexural strength of three bulk-fill composites: SDR Plus, Beautifil
Bulk Flow, and EverX Posterior. The findings will inform material selection and repair strategies in
clinical restorative dentistry. Therefore, this study aimed to evaluate the flexural strength to assess the
performance in stress-bearing conditions. It further examined the degree of conversion using ATR-FTIR
spectroscopy and investigated the repair flexural strength of FiltekTM Supreme Flowable Restorative
compared to self-repair. It was hypothesized that no significant differences would exist among the study
materials in terms of flexural strength, degree of conversion and repair flexural strength.

2. Materials and methods
2.1. Study design

Before conducting this research, IRB approval was obtained from the Riyadh Elm University
(FPGRP/2024/828/1155/1079). The study evaluated three bulk-fill composite materials: two con-
ventional composites—SDR Plus (Dentsply, Sirona, USA) and Beautifil Bulk Flow (Shofu, Kyoto,
Japan)—and one fiber-reinforced composite, i.e., EverX Posterior (GC Corporation, Tokyo, Japan).
Additionally, FiltekTM Supreme Flowable Restorative (3MT™ ESPE, Seefeld, Germany) was used for
repair procedures. The sample size estimation was performed using G*Power software (ver. 3.1.9.4) for
one-way analysis of variance (ANOVA), assuming an effect size (f) of 0.75, a significance level («) of
0.05, and a power of 0.95. The analysis indicated that 10 specimens per group were sufficient to ensure
adequate power for the primary group comparisons.

2.2. Specimen preparation

For each composite material, 10 cylindrical specimens (2 mm height x 5 mm diameter) and 10 bar-
shaped specimens (25 mm x 2 mm x 2 mm) were fabricated using silicone molds. Material placement
involved a single increment filled within the molds, covered with a transparent plastic sheet and a glass
slide to ensure a flat surface. Polymerization was performed with a high-power halogen light-curing
unit (1000 mW/cm?; Hilux 250, Benlioglu Dental, Ankara, Turkey). The unit was radiometer-tested
before use. The light tip delivered 400-500 nm blue emission for camphorquinone activation in direct,
perpendicular contact with the specimen for 40 s per curing area. Bar-shaped specimens were cured in
three sections, each exposed for 40 s.
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After curing, specimens were polished with 4000-grit silicon carbide paper to achieve uniform thick-
ness, which was verified with a digital micrometer. Only specimens free from voids and dimensional
flaws were included.

2.3. Degree of conversion (Dc) assessment

The degree of conversion (Dc) was measured on cylindrical specimens after 24 h of polymerization
using Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR) spectroscopy (NICOLET
iS5, Thermo Scientific, Massachusetts, USA). Spectra were recorded between 500 and 4000 cm™!,
focusing on the aliphatic C=C peak at approximately 1638 cm™! and the aromatic C-C peak at
1608 cm™'. The aromatic C=C band at 1608 cm™' was used as an internal reference, validated for
camphorquinone photoinitiator systems across all tested bulk-fill composites. Spectra were acquired at
a resolution of 4 cm™!, scan speed of 0.7 cm/s with 32 scans averaged per spectrum.

2.4. Flexural strength testing

Before flexural strength testing, bar-shaped specimens underwent thermocycling (Model 1100, SD
Mechatronik, Feldkirchen-Westerham, Germany) for 5000 cycles between 5°C and 55°C in distilled
water baths containing 10 L each. The specimens were fully immersed and suspended centrally in
the bath, avoiding contact with the container walls. Bath temperatures were monitored and calibrated
using an external digital thermometer to ensure that target temperatures (5 £ 1°C and 55 + 1°C) were
consistently maintained throughout the cycling protocol. The dwell time and transfer time were 10 s in
each bath. The three-point bending test was conducted following ISO 4049 standards using a universal
testing machine (Instron Model 3369, Instron, Canton, MI, USA) equipped with a 5 kN load cell.
Specimens were loaded at a crosshead speed of 1.0 mm/min, with a support span of 20 mm and a loading
piston diameter of 2 mm. Flexural strength (o = 3FL/2bd*) was automatically computed by Instron
software. Specimen dimensions (25 x 2 x 2 mm) were verified (0.1 mm tolerance) using digital
micrometer; deviations led to exclusion.

2.5. Repair flexural strength testing

Following the initial fracture during flexural testing, bar-shaped specimens were realigned in the
molds for repair. Specimens from each composite group were randomly allocated to either the self-
repair group (repair with the same composite material) or the flowable-repair group using simple random
assignment (n = 5 per subgroup). Flexural strength testing was performed by a single operator who
was blinded to the repair material during mechanical testing. Fractured surfaces were etched with 35%
phosphoric acid (Scotchbond Etchant Gel; 3MTM ESPE, St. Paul, MN, USA) for 30 s, rinsed, and dried,
followed by application of a Scotchbond Universal adhesive (3MTM Oral Care, St. Paul, MN, USA). Half
of the specimens from each group were repaired with the same composite material, while the remaining
half were repaired using FiltekTM Supreme Flowable Restorative. Composite was applied to fill the
fracture gap, adapted with a plastic strip and glass slide, and light-cured for 40 s. Repaired specimens
were stored for 24 h before undergoing thermocycling identical to the initial protocol. Subsequently,
repaired specimens were subjected to the same three-point bending test and flexural strength was
calculated (Figure 1).

2.6. Failure mode analysis

Fractured surfaces of repaired specimens were examined under a stereomicroscope at 20x mag-
nification. Failures were classified per ISO 4049 as: adhesive (at repair-substrate interface), cohesive
(within composite), or mixed (involving both interfaces).
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Figure 1. Repaired bar-shaped sample of EverX Posterior composite: (A) EverX Posterior repaired
with the same material, and (B) EverX Posterior composite repaired with FiltekTM supreme flowable
restorative

2.7. Statistical analysis

Data for flexural strength and degree of conversion were analyzed using one-way ANOVA with
Tukey’s post hoc tests to identify intergroup differences. Repair flexural strength data were analyzed
using two-way ANOVA (composite type x repair material), followed by Tukey’s post-hoc tests for group
comparisons. Statistical significance was set at p < 0.05.

3. Results

3.1. Degree of conversion (Dc)

The Dc findings are summarized in Table 1. SDR Plus exhibited the highest mean Dc (68.33% +
2.18%), closely followed by Beautifil Bulk Flow (66.27% = 3.28%). In contrast, the fiber-reinforced
composite, EverX Posterior, demonstrated a significantly lower Dc (59.60% =+ 2.50%). Statistical
analysis by one-way ANOVA revealed a highly significant difference among the groups (F = 28.73,
p < 0.001). Post-hoc comparisons confirmed that EverX Posterior differed significantly from both SDR
Plus and Beautifil Bulk Flow (p < 0.001), while no significant difference was observed between SDR
Plus and Beautifil Bulk Flow (p = 0.218).

Table 1. Descriptive and inferential statistics of the degree of conversion (in %) of the tested bulk-fill
composites

Material n Mean Std. deviation
Beautifil bulk flow 10 66.274 3.28
SDR plus 10 68.33" 2.18
EverX posterior 10 59.60*8 2.50

Note: Key: The same upper-case superscript letters show
significant differences among the groups.

3.2. Flexural strength

Descriptive data for flexural strength are presented in Table 2. EverX Posterior demonstrated the
highest mean flexural strength (153.48 MPa =+ 21.95), followed by Beautifil Bulk Flow (143.44 MPa
+ 24.19), and SDR Plus showed the lowest values (105.27 MPa £ 15.63). One-way ANOVA indicated
statistically significant differences among groups (F = 14.80, p < 0.001). Pairwise comparisons revealed
that both EverX Posterior and Beautifil Bulk Flow had significantly higher flexural strength than SDR
Plus (p = 0.001 and p < 0.001, respectively). In contrast, the difference between EverX Posterior and
Beautifil Bulk Flow was not statistically significant (p = 0.538).
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Table 2. Descriptive and inferential statistics of flexural strength (in MPa) of the tested bulk-fill
composites

Material n Mean  Std. deviation
Beautifil bulk flow 10  143.444 24.19
SDR plus 10 105.2748 15.63
EverX posterior 10  153.48° 21.95

Note: Key: The same upper-case superscript letters show signif-
icant differences among the groups.

3.3. Repair flexural strength

Repair flexural strength findings (Figure 2) indicated variable results depending on the repair
material used. Beautifil Bulk Flow samples repaired with the same composite achieved a higher mean
repair strength (87.86 MPa + 34.43) than those repaired with the flowable composite (65.43 MPa +
26.31). Conversely, SDR Plus exhibited slightly higher repair strength when repaired with flowable
composite (87.59 MPa + 12.94) compared to self-repair (80.74 MPa + 22.83). Notably, EverX Posterior
showed higher repair strength with flowable composite (94.13 + 52.88 MPa) compared to self-repair
(32.02 £ 34.16 MPa), though high variability was noted.
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Figure 2. Comparison of repair flexural strength (MPa) of study composites repaired with the same
materials vs. flowable composites. Error bars represent standard deviation

Two-way ANOVA revealed no significant main effects of repair material (p = 0.210) or composite
type (p = 0.365), but a significant interaction between these factors (p = 0.027, partial n*> = 0.261).
Therefore, simple-effects analyses were performed. No significant differences between repair methods
were found for Beautifil Bulk Flow (p = 0.280) or SDR Plus (p = 0.576). For EverX Posterior, repair
with flowable composite showed a trend toward higher repair flexural strength, although this difference
did not reach statistical significance (p = 0.058).

When compared with the original specimens (Figure 3), all repaired groups exhibited lower flexural
strength, highlighting that repair strategies, although beneficial, do not fully restore the strength of the
bulk-fill composites.
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Figure 3. Comparison of flexural strength (MPa) among original specimens, specimens repaired with
the same material, and specimens repaired with flowable composite across different bulk-fill composites

3.4. Failure mode analysis

Failure mode evaluation (Table 3) revealed that adhesive failure was predominant across most
groups. For Beautifil Bulk Flow, adhesive failures comprised 60% and 80% when repaired with the same
composite and flowable composite, respectively, with no cohesive failures observed. SDR Plus showed
a shift toward mixed failures (60%) when repaired with flowable composite, with 40% adhesive failures;
no cohesive failures were detected. EverX Posterior demonstrated 20% cohesive failures exclusively
in specimens repaired with the flowable composite, whereas specimens repaired with self-material
exhibited 100% adhesive failures. Representative stereomicroscopic images supporting failure mode
classifications are illustrated in Figures 4-06.

Table 3. Failure mode distribution of the study groups’ broken bar fragments repaired with either the
same material or FiltekTM supreme flowable restorative

Material Repair material Adhesive Mixed Cohesive
failure (%) failure (%) failure (%)
. Beautifil bulk flow 60 40 0
Beautifil bulk flow FiltekT™ supreme flowable restorative 80 20
SDR plus 80 20 0
SDR plus Filtek™ supreme flowable 40 60 0
EverX posterior 100 0 0

EverX posterior FiltekT™ supreme flowable restorative 40 40 20
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Figure 4. Representative images of repaired Beautifil Bulk Flow broken bar fragments: (A-C)
Fragments repaired with the same material (Beautifil Bulk Flow) while (D-F): Fragments repaired with
FiltekT™ Supreme Flowable Restorative

Figure 5. Representative images of repaired SDRPIlus broken bar fragments: (A—C) Fragments repaired
with the same material (SDR Plus) while (D-F): Fragments repaired with FiltekTM supreme flowable
restorative

Figure 6. Representative images of repaired EverX Posterior broken bar fragments: (A—C) Fragments
repaired with the same material (EverX Posterior), while (D-F): Fragments repaired with FiltekT™M
supreme flowable restorative
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4. Discussion

Of the three bulk-fill composites evaluated in this study, the fiber-reinforced EverX Posterior
demonstrated superior mechanical properties and reparability, while the conventional composites SDR
Plus and Beautifil Bulk Flow exhibited a higher Dc. Hence, the hypothesis that no significant differences
would exist among the study materials in terms of flexural strength, degree of conversion and repair
flexural strength is rejected.

Dc is a critical determinant of the mechanical properties and clinical performance of resin compos-
ites [15]. Analytical results indicated a significant disparity in Dc values among the materials tested:
SDR Plus exhibited the highest Dc (68.33%), followed by Beautifil Bulk Flow (66.27%), while EverX
Posterior demonstrated the lowest value (59.60%). The superior Dc of SDR Plus and Beautifil Bulk Flow
is likely attributable to their higher translucency and lower filler content, which facilitates enhanced light
transmission and more efficient polymerisation. SDR Plus, a flowable bulk-fill composite, is specifically
designed to permit deeper light penetration, thereby promoting a higher degree of polymerization in
bulk layers [16]. Although filled slightly more, Beautifil Bulk Flow incorporates highly translucent
fillers that similarly contribute to its polymerization efficiency. Conversely, the reduced Dc of EverX
Posterior is presumably a consequence of its fiber-reinforced composition. The incorporated fibers
scatter and absorb light, thereby impeding the polymerization process, a finding consistent with the work
of Alrahlah et al. [17]. The lower Dc of EverX Posterior is attributed to fiber light-scattering effects
based on established literature; direct transmittance measurements were not performed and represent an
avenue for future investigation. The present study used a halogen light-curing unit emitting primarily in
the blue spectrum (400-500 nm), suitable for camphorquinone photoinitiators in the tested composites.
While recent literature compares mono-wave and poly-wave LED curing [13], the halogen spectrum
employed here effectively activated the primary photoinitiators, though future studies with poly-wave
sources may further optimize bulk-fill performance.

These results suggest that SDR Plus and Beautifil Bulk Flow are more suitable for applications
that require optimal polymerization. In contrast, EverX Posterior is better suited for high-stress-bearing
applications where its exceptional mechanical properties are paramount, and the depth of cure is
less critical.

Flexural strength is crucial in determining a material’s capability to endure forces that are exerted
during mastication [18]. Of the materials tested, EverX Posterior demonstrated the highest flexural
strength (153.48 MPa), followed by Beautifil Bulk Flow (143.44 MPa), with SDR Plus exhibiting the
lowest value (105.27 MPa). This mechanical superiority of EverX Posterior is directly attributable
to its fiber-reinforced composition, wherein the embedded fibers act to distribute occlusal loads and
inhibit crack propagation [19,20]. This finding corroborates existing literature establishing the superior
mechanical properties of fiber-reinforced composites over conventional and bulk-fill composites [10,11].
In contrast, the lower flexural strength values of Beautifil Bulk Flow and SDR Plus are consistent with
their non-reinforced compositions. The particularly low strength of SDR Plus is characteristic of its
flowable nature, which necessitates a lower filler load and a higher resin matrix fraction, resulting in
reduced resistance to deformation [21]. Although Beautifil Bulk Flow possesses a higher filler content
and greater strength than SDR Plus, its lack of fibrous reinforcement renders it more susceptible to
fracture under high stress compared to the fiber-reinforced EverX Posterior [10].

We observed that repairing EverX Posterior with FiltekTM Supreme Flowable Restorative substan-
tially increased bond strength (from 32.02 MPa in self-repair to 94.13 MPa with flowable repair), and
showed higher values than SDR Plus and Beautifil Bulk Flow. However, the high standard deviations
observed in the repair strength data indicate considerable variability and highlight the need for larger,
preferably clinical, studies to confirm these findings. The higher repair flexural strength was achievable
due to improved adhesion of flowable composite to EverX Posterior, based on the capability of
monomers of universal adhesive and flowable composite to dissolve the semi-interpenetrating polymer
network (IPN) of EverX Posterior [22]. EverX posterior contains a matrix system with both linear
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and cross-linked polymers. The solubility parameter of the monomer systems of the universal adhesive
and flowable composite might be close to linear polymer used in EverX Posterior. Due to monomer
diffusion in a linear polymer, a strong adhesive interface is formed [23]. Whereas the composition of
both Beautifil Bulk Flow and SDR Plus does not contain semi-IPN. This lacks in monomer diffusion
and eventually under flexural stress. The optimal bond achieved with fiber-reinforced composites aligns
with previous findings that flowable composites penetrate micro-roughness efficiently, boosting repair
outcomes [24,25].

Failure mode analysis provides insight into how composite materials fail under mechanical stress
and upon repair [26]. SDR Plus exhibited predominantly adhesive failures, likely due to its lower filler
content and higher polymerization shrinkage, leading to interfacial stress [27]. Beautifil Bulk Flow
exhibited moderate bond strength and predominantly mixed failures, with a higher tendency toward
cohesive fractures [28]. EverX Posterior demonstrated favorable failure modes with fewer cohesive
failures when repaired using FiltekTM Supreme Flowable Restorative, attributed to fiber reinforcement
that effectively transfers stress and limits crack propagation [29].

Clinically, these findings suggest that SDR Plus may be less suitable for load-bearing repairs
due to adhesive failure risk and is better used as a base material. Beautifil Bulk Flow may need
surface treatments like roughening or priming to improve repair bond strength. EverX Posterior
provides superior repair outcomes for high-stress applications, especially when combined with flowable
composites, supporting material selection and repair strategy decisions to enhance restoration durability.

Although this study offers valuable insights into mechanical performance, Dc and reparability of
bulk-fill composites, its in vitro design does not replicate complex oral conditions such as salivary
enzymes, biofilms, and occlusal forces. The thermocycling protocol simulated short-term aging but
may not reflect long-term thermal stress. Besides, the lack of fatigue loading and bond strength
tests (microtensile/shear) limits direct quantification of the repair interface. A key limitation was the
omission of standard clinical steps, i.e., mechanical roughening and silanization, which are standard
clinical procedures, particularly for glass fiber-containing composites. Future studies should test these
pretreatment combinations. Future investigations should include long-term clinical trials to assess real
intraoral behavior, exploration of advanced surface treatments to enhance repair bond strength, cyclic
fatigue and wear resistance testing for realistic masticatory simulation. These directions will support
evidence-based improvements in restorative dentistry.

5. Conclusion

This in vitro study demonstrates that fiber-reinforced EverX Posterior exhibited superior flexural
strength but lower Dc compared to conventional bulk-fill composites. Repair flexural strength varied
by material and repair strategy, with notable interaction effects observed. These findings highlight
important differences in mechanical and polymerization performance among bulk-fill composites under
controlled laboratory conditions, warranting further clinical validation.
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