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6.1 Introduction

Resin-based composites (RBCs) have advanced significantly in the past few years.
Filler type, resin matrix, and initiator systems have frequently been updated to
improve the mechanical properties and to decrease polymerization shrinkage stress.
The purpose of these improvements is intended to enhance the clinical longevity of
RBC restorations, to reduce the complexity of the restorative procedure, and to
decrease chairside time. The recent introduction of bulk fill RBCs represents a revo-
lution in restorative dentistry and provides the clinician considerably shorter chair-
side time. Since their introduction these materials are now used by clinicians as an
alternative to conventional resin composite for posterior restorations and for core
build-ups [1].

Full body bulk fill resins require a shorter restorative time in posterior teeth than
conventional resins. Flowable bulk fill resin composites provide faster treatment
options with time when considering capping [2]. Clinically, a reduction in operative
time has been considered a positive reason for selecting bulk fill products [3]. For
light-cured bulk fill RBCs, insufficient polymerization at increasing depths has been
reported in some studies. This limitation might compromise the clinical success of
the restorations with the possibility of increased cytotoxicity [4], susceptibility to
marginal defects [5, 6], and reduced hardness [7-9].

There is scientific evidence that the degree of conversion of a resin-based mate-
rial may influence various mechanical properties, such as BFS (biaxial flexural
strength) and KHN (Knoop hardness) [10-13].
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Data on curing efficiency has also been inconclusive, with some studies report-
ing depths of cure of more than 4 mm and others describing insufficient curing at
4-mm layers [14-18].

Differences in mechanical properties and depth of cure may be attributed to dif-
ferences in resin compositions, material translucency, viscosity, filler type, and con-
tent [19].

The mechanical properties of bulk fill RBCs have been, in fact, the subject of
some debate. While some authors have reported lower mechanical properties than
conventional highly filled RBCs, others have reported values close to conventional
materials [20-22].

The type of organic matrix, filler size and morphology, monomer type and ratio,
and photoinitiation chemistries vary greatly between products [23]. This makes a
comparison of the mechanical properties very difficult [23].

6.2  Flexural Strength

Flexural testing is widely used in characterizing RBCs since it determines both
flexural (elastic) modulus and strength and is an important property for restorative
materials used in high-stress-bearing areas [24, 25]. Flexural modulus describes the
stiffness of RBCs, whereas flexural strength represents the maximum stress that
RBCs can be subjected to prior to failure. Elastic modulus is an indicator of stiffness
and an important factor affecting shrinkage stress of resin-based composites [26].
Significant relationships between the modulus and stress have been reported by
several researchers [27-30].

A lower Young’s modulus may allow stress dissipation during the polymeriza-
tion process, thus reducing the stress when bigger increments are used [10, 31-34].

Certain low-viscosity bulk fill RBCs (flowable) have a modulus of elasticity (and
hardness) considerably below the mean values measured for regular nano-hybrid
and micro-hybrid RBCs. For this reason, manufacturers recommend covering flow-
able bulk fill RBC restoration with a capping layer made of regular RBCs [21].

The variation between the flexural properties of various RBCs is useful for dif-
ferent clinical situations [35, 36]. For example, in class I, II, III, and IV cavities,
RBCs with high flexural properties are usually selected to minimize fracture or
deformation under the high occlusal forces, while in class V cavities, RBCs having
low flexural modulus are preferred, as they can flex with the teeth during function
and parafunction, which in turn reduces the stresses at the adhesive interface and
decreases the chances of debonding [35, 37]. In fact, with their greater flexibility,
bulk fill flowable RBCs are preferred over full body bulk fill restorative or conven-
tional materials in deep class V cavities, as they appear to offer better marginal
adaptation [38].

The flexural modulus of the bulk fill flowable RBCs is lower than for full body
bulk fill restorative or conventional resin composites [33, 39]. A material with a low
modulus of elasticity, particularly when placed in load-bearing areas, will result in
higher deformability under masticatory stresses and a reduction of wear resistance.
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Over time this will cause catastrophic failure of the restoration [21, 40]. Testing of
the flexural properties of the different categories of bulk fill materials and those
from the different manufacturers are both material and specimen conditioning
dependent as confirmed by several authors [39, 41].

The decrease in BFS (biaxial flexural strength) of bulk fill materials with depth
was seen to be highly product-dependent [42].

The flexural strength of full body/high-viscosity bulk fill is higher than the limit
of 80 MPa established in ISO 4049/2009 for polymer-based restorative materials
indicated for restorations involving occlusal surfaces [43, 44]. Bulk fill restorative
RBCs (full body) are generally stiffer than bulk fill flowable and conventional coun-
terparts. This may be attributed to the similar or higher filler content of the bulk fill
restoratives in comparison to the other RBCs [45—47]. Some authors have reported
no correlation between the elastic modulus and filler content for high-viscosity
composites, but a strong correlation is generally noted for low-viscosity resins. The
low correlation between high-viscosity composites may occur because they present
a relatively lower elastic modulus when compared to their filler content [48, 49].
Some flowable and packable resin composites have demonstrated an increase in the
elastic modulus 12 h after irradiation due to post-irradiation polymerization [27,
50]. Furthermore, there is an increase in the polymerization stress and the elastic
modulus for many bulk fill resin composites after irradiation as they develop a major
part of their stiffness within 1 h [51]. The correlation between the degree of conver-
sion and elastic modulus for bulk fill composites is controversial. Some authors
have reported that there is no correlation between the degree of conversion and
elastic modulus [16].

6.3 Microhardness and Wear of Bulk Fill RBCs

Assessment of a material’s hardness is often used by RBCs researchers.
Microhardness allows an understanding of the mechanical properties of the com-
posite surfaces [52]. Furthermore, there is a strong relationship between microhard-
ness and elastic modulus values, depth of cure, and polymerization shrinkage [53].
Microhardness is used, in fact, as an indirect measurement of the extent of polym-
erization of a specific composite material [54, 55], due to its proven correlation with
the degree of conversion [56, 57].

According to Watts and others, an acceptable curing depth is achieved if the bot-
tom hardness corresponds to at least 80% of the top surface hardness [58]. The
decrease in microhardness of bulk fill materials with depth was also seen to be
highly product-dependent, with some materials demonstrating similar hardness val-
ues at 1 and 4 mm depth levels [42]. Alrahlah et al. [17], using Vickers hardness
profiles, determined that the depth of cure of various bulk fill composite materials
ranged from 4.14 to 5.03 mm, which confirms the claims of the manufacturers for
the tested materials. An increase in microhardness values is generally expected as
the filler content increases. This assumption has been confirmed by several authors
[14, 20, 59-64].



70 G. Paolone and A. Vichi

Flowable Bulk fill resins have lower microhardness because of the low percent-
age values for load particles. It is therefore always necessary to apply a conventional
resin over them [65, 66].

Papadogiannis et al. reported that the use of a capping layer is mandatory to
achieve higher creep resistance [67]. High-viscosity (full body) bulk fill RBCs gen-
erally have higher filler content and can be used to cover the softer flowable RBCs
or they can be used to fill the entire restorations as they have better wear resistance
and improved mechanical properties [44, 68]. Besides the filler size and shape, the
hardness of the fillers, the strength of the bond between the inorganic content and
polymer matrix, and the light-curing of the RBC can also affect wear resistance [69].

Melo et al. compared conventional resin composites using incremental fill tech-
nique and bulk fill RBCs. The conventional composites presented good physical
properties, but the bulk fill composites showed better results for surface hardness
and solubility at the bottom surface [70].

High variability in the results could be detected for the microhardness test, even
among high-viscosity bulk fill resin composites. This may be explained by the lower
elastic modulus observed for some of the bulk fill RBCs, generally associated with
a differences in filler contents and matrix [21, 61, 62, 71].

Camassari et al. evaluated the physical-mechanical properties of several bulk fill
materials submitted to biodegradation by oral biofilm (S. Mutans). Increased rough-
ness and reduced hardness and gloss of all the evaluated composites were reported.
The biodegradation induced by S. mutans negatively affected mechanical and sur-
face properties. It is therefore mandatory to select the proper restorative material
and to advice the patient about the importance of good oral hygiene techniques to
maintain the esthetics and longevity of RBC restorations [72].

6.4 Diametral Tensile Strength (DTS)

The diametral compression test may also be used to measure strength [73]. However, the
results of such test should be consciously judged, as sometimes shear and tensile stresses
may occur at the same time, determining a different fracture pattern,. Moreover, this test
is not defined by standards for dental materials. Al Sunbul et al. reported different DTS
values for several bulk fill materials (SDR, Venus bulk Fill, Tetric Evoceram Bulk fill,
Ever X Posterior) [74]. They reported that the differences at baseline were also confirmed
after aging in water and in food simulating solvents: ethanol and methyl ethyl ketone. The
authors did not report a correlation between filler loading and mechanical properties.
They did not report a correlation between DTS and hardness. Conversely Medeiros et al.
reported a strong correlation among these two properties [75].

6.5  Water Sorption

Water sorption is crucial in determining clinical success. Although resin composite
is considered in general as a stable material that can accomplish several years of
clinical service, the presence of polymer networks determines a certain degree of
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moisture sorption. Water sorption has a negative effect on the restorative material by
contributing to lower/weaken mechanical properties, reduce wear resistance, and
affect discoloration.

The effect of water sorption on the resin composite behavior is influenced by
several factors, such as the composition of the polymer matrix, the type and content
of the filler, and the size and shape of filler particles [76].

Janda et al. [77] investigated water sorption and solubility differences between
various types of dental resin composites and reported that the correlation between
water sorption and filler load was significant. The lowest water sorption values were
found in the composite with the highest filler load. Sorption into a polymer can be
explained by two theories: the free volume theory, and the interaction theory [78].
The free volume theory involves solvent absorption through voids in the polymer,
while in the interaction theory, water binds to specific ionic groups of the polymer
chain depending on their water affinity [79]. Water sorption may decrease the lon-
gevity of a RBC resin by expanding and plasticizing its components, causing the
hydrolysis of the silane coupling agents. The expansion is undesirable because of
the potential stress inducing microcracks or even macrocracks in restored teeth [80].
Bis-GMA-based resin matrix presents higher water sorption because of its hydro-
philicity in respect to other methacrylate monomers, such as UDMA [81]. When
Bis-GMA resins are combined with TEGDMA to manage viscosity, water uptake
can even increase more [82]. Kalachandra et al. supported this finding reporting that
partial substitution of TEGDMA with UDMA comonomer in Bis-GMA/TEGDMA
RBCs resulted in decreased water absorption [83].

Alshali et al. reported higher sorption values for a conventional flowable (X-Flow,
Dentsply Sirona, Kostanz, Germany) compared to a flowable bulk fill (X-tra base,
Voco GmbH, Cuxhaven, Germany), the latter showing the lowest values when com-
pared to other bulk fill or conventional nano-hybrid composites [59].

Apart from matrix, fillers play a role in staining susceptibility of RBCs. They are
added to increase mechanical properties, to reduce the volume of resin matrix, thus
reducing shrinkage and water sorption [84]. Glass fillers do not contribute to the
water sorption process but water may get adsorbed onto their surface. The hydro-
Iytic degradation of resin—filler interface bonds can in fact induce the release of
unreacted monomers [85], compromising the material biocompatibility [78].

Water sorption depends therefore on material’s filler load, with flowable, and
low-viscosity bulk fill showing a higher degree, rather than on the polymerization
extent characteristic of bulk fill materials. In other words, it is not the fact of being
a bulk fill that determines the level of water sorption, rather the viscosity.

6.6 Differences in Mechanical Properties Between
Flowable, Full Body, and Fiber-Reinforced Bulk
Fill Composites

Differences in mechanical properties have been reported between flowable, full
body, and fiber-reinforced bulk fill materials. Because of their poor mechanical
properties the use of low-viscosity bulk fill composite is not recommended in
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Table 6.1 A comparison of the mechanical properties of different classes of restorative materials

Low- Fiber- High-

Conventional viscosity reinforced viscosity Conventional

flowable RBC BF BF BF RBC
Young modulus  + ++ et e+
[18, 88]
Vicker hardness + ++ +++ T i
[18, 65, 66]
Indentation ar ++ Jei
modulus [18]
Fracture ek +
toughness [88]
Flexural strength + +
[88]

situations where high mechanical stress is present, such as in direct contact with
occlusal loads [86, 87]. Previous findings showed that Young modulus, Vickers
hardness, and Indentation modulus classify some bulk fill materials (SureFil SDR,
Venus Bulk Fill, and Filtek Bulk Fill) as between hybrid and flowable composites
[18]. The poor mechanical properties of flowable bulk fill composites highlights the
need of coverage with a conventional RBC. This capping procedure should be per-
formed to overcome poor surface properties, low esthetics and material degradation
[20]. Attik et al. reported that fiber-reinforced bulk fill show lower flexural modulus
and hardness than full body bulk fills [88]. The authors reported similar flexural
strength between these two types of bulk fill materials. This leads to the conclusion
that fiber-reinforced bulk fill materials may endure higher strain before being
damaged.

Fiber-reinforced materials have significantly higher fracture toughness results,
showing the higher toughness established by the fiber reinforcement. These materi-
als may prevent fracture propagation inside the material and are indicated for the
restoration of endodontically treated teeth [89]. Fiber-reinforced materials undergo
higher stress during polymerization [90].

The mechanical properties of flowable bulk fill composites are generally lower
compared with the full body high-viscosity materials, and, at best are comparable to
the conventional flowable composite [20, 91] as given in Table 6.1.

6.7  Cytotoxicity

While their physico-mechanical properties, handling characteristics and wear per-
formance have been extensively tested [14, 17, 20, 92-94], scientific data on the
biocompatibility of bulk fill composite materials is very limited [95]. Biocompatibility
is the ability of materials to coexist with living tissues without causing harm. Non-
biocompatible or cytotoxic (i.e., toxic to cells) restorative materials can cause short-
term and long-term adverse tissue reactions ranging from postoperative sensitivity
to irreversible pulp damage [96]. It has been reported that RBCs alone may contrib-
ute to more than 12% of adverse reactions of dental materials [97]. In addition to the
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leaching of unreacted monomers, cytotoxicity can also be caused by the release of
initiators and other additives from the organic resin as well as metal ions from the
inorganic fillers. Proper curing of RBCs is important to ensure adequate mechanical
properties and biocompatibility [98, 99]. This materials’ cytotoxicity has been
related to the released residual monomer quantity and type; some studies reported a
correlation between this aspect and loss of mass and/or lower conversion degree
[100]. Bulk fill RBCs placed with a 4 mm single increment present lower shrinkage
stress and higher DOC at this depth; this can be related to the increased translucency
and to polymerization modulators [3, 101]. However, a common concern about bulk
fill materials is whether the degree of conversion at 4 mm depth is sufficient, which
would increase the cytotoxic potential, especially in the case of bulk fill flowable
resins with a higher organic matter content [102, 103].

Some authors have concluded that the placement of bulk fill composite materials
in contrast to conventional resin composite, in a 4-mm layer thickness could be
recommended in terms of both mechanical stability and biocompatibility [104].

Alshali et al. [59] reported that despite the increased increment thickness of bulk
fill composites, monomer elution from these materials can be comparable to that of
conventional composites, with the rate of elution being dependent on monomer
molecular weight and the cross-link density of the polymer [105-107]. While highly
cross-linked polymers are more resistant to solvent uptake and swelling, linear
polymers provide more space and pathways for diffusion of solvent molecules
within the structure [82, 108].

The fact that RBCs are biologically accepted, allergic effects on oral soft tissues
have been reported [109]. These are generally due to the dissolution of methacrylate
and leaching of its components [110], resulting from masticatory forces and chemi-
cal degradation [104]. Conversely, Gongalves et al. reported no toxic response to
gingival fibroblasts for bulk fill RBCs placed at the thickness of 4 mm [31].

Others have investigated potential genotoxic effects emanating from resin-based
bulk fill materials. They concluded that none of the tested bulk fill resin composites
caused primary DNA damage. The finding that eluates obtained from both the top
and bottom composite surface of the tested bulk fill materials did not induce geno-
toxic effects might be explained by an adequate extent of polymerization of the bulk
fill resin composites, even when applied in 4-mm thickness.

An irradiation time of 20 s (at an irradiance of ~1200 mW/cm?) might suffice for
the bulk fill resin composites to not induce relevant genotoxic effects [104].

6.8 Clinical Significance

According to the properties described above, some clinical considerations can
be drawn:

* Flowable bulk fill materials must be capped with a conventional RBC.
¢ In patients with parafunctional habits, restorative materials with higher mechani-
cal properties should be selected.



74 G. Paolone and A. Vichi

e Fiber-reinforced BF could be selected to restore ETT as they reduce fracture
propagation.

e Adequate curing of bulk fill materials is mandatory to ensure a correct conver-
sion, increase mechanical properties and to reduce cytotoxicity.

6.9 Conclusions

Bulk fill materials can be inserted and polymerized in large increments, in posterior
teeth. Although this is a clinical advantage, clinicians should always be aware of the
limitations of the mechanical properties of these materials.

A number of bulk fill materials show lower mechanical properties when com-
pared to highly filled nano-hybrid composites. The use of flowable bulk fill materi-
als for restorations under high occlusal load is subject to caution. It is a critical
requirement that flowable materials be veneered or capped with a conventional or
full body bulk fill material not only to improve esthetics but to reduce the impact of
degradation.

Suitably designed clinical studies are required to avoid the biases observed in
in vitro studies to better understand clinical performances of these materials.
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