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10.1 Self-Adhesive Resin-Based Bulk-Fill Materials

Adhesive bonding of conventional direct resin composite restorations is a complex,
technique sensitive, and time-consuming process. It requires application and curing
of the adhesive resin layer prior to the placement of the resin composite. Self-
adhesive restoratives would negate the need for tooth surface conditioning, adhesive
bonding, and mechanical retentive features, where indicated. Self-adhesive materi-
als are highly desired by clinicians owing to their efficiency and use for treating
challenging situations such as uncooperative patients, cases where prolonged mois-
ture control is unfeasible, or patients who cannot tolerate lengthy dental treatment
due to chronic medical conditions.

The global trend of amalgam phasedown has driven significant research and
development on self-adhering bulk-fill amalgam substitutes. Resin modified glass
ionomer (RMGI) based restoratives are amongst the most widely used and tested
materials. This group of materials exhibits the advantages of bulk-fill restoratives in
addition to their cariostatic activity due to the fluoride release. However, reduced
bonding to tooth structure [1], lack of strength [2] as well as their diminished wear
resistance [2, 3], and moisture sensitivity [4] are among the major drawbacks of
these materials.
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Conventional resin composites are inherently unable to bond to tooth structure
and thereby an adhesive system should be used with such restorations [5]. That
being said, several strategies have been implemented to produce self-adhering resin
composites in order to simplify restorative treatments. One of the earliest strategies
was to modify the viscosity controller monomers or the so-called reactive diluents.
The modification involves addition of acidic moieties to the reactive diluents in
order to promote adhesion to tooth structure. This group of materials bonds to tooth
structure primarily via the interaction of phosphate functional groups with calcium
ions within hydroxyapatite crystals and secondarily through micromechanical inter-
locking between the polymerized monomer and collagen fibres of dentin.

10.1.1 Self-Adhesive Resin Composites with Acidic Resin Matrix

One of the earliest commercially available self-adhering flowable composites
(Vertise Flow; Kerr, CA, USA) contained a phosphoric-acid ester methacrylate and
glycerol-phosphate dimethacrylate (GPDMA) as acidic functional monomers [1].
The phosphate functional group had an acidic phosphate group for etching tooth
structure and two methacrylate groups for co-polymerization with other methacry-
late monomers [6]. Despite the lower nano-leakage exhibited by such self-adhering
flowable composites compared to conventional counterparts [5], its” retention and
bond strength to dentin and interfacial adaptation to enamel and dentin have been
sub-optimal as indicated by in vitro [6, 7] and clinical [8] studies. Fusio Liquid
Dentin (Pentron, Orange, CA, USA), another commercially available self-adhering
flowable resin composite that chemically bonds to tooth structure using
4-methacryloxyethyl trimellitic acid (4-META) which is able to partially deminer-
alise dentin and to form ionic bonds between its carboxylate groups and calcium
ions [9]. The latter material was associated with low bond strength [9, 10] and poor
clinical performance [11]. One experimental self-adhesive, micro-hybrid resin com-
posite material (code: Exp.564, 3 M Oral Care, Seefeld, Germany) was investigated
[12]. The two-paste material utilized the well-known phosphoric acid-6-
methacryloxy-hexylesters (15-25% wt) adhesive monomer [12]. Preliminary
micro-tensile bond strength data suggested optimal bonding to dentin though less
promising results were observed with enamel. Furthermore, interfacial analysis
using transmission electron microscopy revealed a tight interface formed between
the experimental material and bur-cut enamel and dentin with limited evidence of
micro-tag formation and superficial demineralisation [12].

10.1.2 Modified Polyacid Systems (MOPOS)

Recently, a new self-adhesive bulk-fill resin composite was commercially intro-
duced as Surefil One (SF-I; Dentsply Sirona, Germany). The self-adhesive proper-
ties of this material are obtained via modification of the structural monomer rather
than the reactive diluent. The key component of this material is the patented
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modified polyacid system (MOPOS). The modification involves the use of polyac-
ids, similar to those used in glass ionomer (GI) as a backbone. The high number of
carboxylate groups within the polyacid backbone allows adhesion with enamel and
dentin via ionic bonds with calcium ions within the tooth structure. Furthermore,
acidic groups can bond the structural monomer to the glass fillers. The formation of
an ionic bond between the carboxylate groups and calcium ions requires an aqueous
environment, hence the addition of water to the formula of SF-I1. The presence of
water necessitates the use of hydrolytically stable, polymerizable groups (meth-
acrylamide) that can be crosslinked with the reactive diluent. Furthermore, cross-
linker molecules and reactive diluent need to be water-soluble and hydrolytically
stable. In SF-I, a medium viscosity cross-linker with two polymerizable groups
(BADEDP) is used. A low viscosity reactive diluent, the acrylic acid, which also can
adhere to tooth structure and reactive fillers via ionic bonds is also used in
SF-1. Barium glass fillers of conventional resin composites cannot be used in SF-I
owing to the presence of water in the formula. The low refractive index filler system
used in SF-I contains aluminium-phosphor-strontium-sodium-fluorosilicate glass,
highly dispersed silicon dioxide and ytterbium fluoride. Silanization of the fillers
allows strong adhesion to the resin matrix within the system. The material is avail-
able in light-cure or self-cure modes. The light polymerization initiator system is
comprised of camphorquinone along with two different reducing agents. To fulfil
the bulk-fill objective, a redox initiator (potassium persulphate) is used to initiate
radical polymerization reaction in order to mediate the chemical or dark cure
process of SF-I. Figure 10.1: Graphical illustration of various components of the
SF-I and their interaction among each other and with tooth structure.

lonic bond between calcium ions within the hydroxyapatite
and carboxylate groups in the MOPOS molecule

Polymerisable group:
methacrylamide

- lonic bond between glass filler
Silanized .
glass filler and carboxylate groups in the

R MOPOS molecule
ﬁcrylic

acid

lonic bond between the reactive diluent (acrylic acid) and
calcium ions within the hydroxyapatite, and glass fillers.

Fig. 10.1 The components of Surefill one



162 A. A.Jum’ah and P. A. Brunton

The evidence pertaining to the bonding effectiveness of SF-I to tooth structure is
limited. Shear bond strength of SF-I to enamel was comparable to that obtained
with a conventional resin composite bonded using a universal self-etch adhesive
[13]. SF-I also exhibited similar bond strength to dentin when compared to a light
cured RMGI or hybrid glass restorative materials. The bond strength of such materi-
als was, however, significantly lower when compared to a conventional resin com-
posite bonded with a universal, self-etch adhesive [13]. Nonetheless, shear bond
strength values of SF-I (21-26 MPa) may be within clinically acceptable values and
similar to materials with favourable long-term clinical success. Furthermore, the
bond strength of SF-I to dentin was similar when the material is applied to moist or
desiccated dentin indicating that using such material may reduce the incidence of
post-operative sensitivity associated with excessive drying of dentin and may be
more forgiving in cases where optimum moisture control cannot be achieved [14].
Additionally, finishing of cavity preparation appeared to be critical to the bond
strength of SF-I as the shear bond strength to dentin was significantly reduced when
SF-I was applied to dentin covered with a thick smear layer [14]. The effectiveness
of bonding of SF-I to dentin has been demonstrated in both flat dentin (low c-factor)
and class I cavity preparations (high c-factor). The light-cured SF-I exhibited sig-
nificantly higher immediate and post-fatigue microtensile bond strength to flat den-
tin when compared to a reference RMGI material. In high c-factor configurations,
self-cured SF-I exhibited microtensile bond strength comparable to a bonded resto-
ration placed using a self-etch adhesive, resin-based bulk-fill restorative material
[1]. With regard to material wear, SF-I exhibited less localized and generalized wear
when compared to GI, RMGI, and bioactive RMGI materials [3]. SF-I also exhib-
ited mechanical performance close to that for some commercially available micro-
filled (Heliomolar; Ivoclar Vivadent, Germany) and nano-filled resin composites
(CeramX mono+; Dentsply Sirona, Germany). Processing the material in either
self-cure or light-cure mode led to superior mechanical performance over a GI
based material (Fuji II LC; GC, Japan) but significantly inferior when compared to
a conventional, nano-cluster filled resin composite (Filtek Supreme; 3 M Oral Care,
USA) [15]. Furthermore, SF-I exhibited stable fracture behaviour and comparable
marginal quality as compared to resin composite bonded with self-etch adhesive
when used as bulk MOD restorations in molar teeth especially when used in light-
cured modus [2].

Self-adhering bulk-fill restoratives would be a significant asset in clinical prac-
tice. However, they should be thoroughly verified in vitro and tested for long-term
durability in vivo. Table 10.1 summarizes the composition and literature pertaining
the performance of some commercially available self-adhesive resin-containing
bulk-fill materials.
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Table 10.1 Self-adhesive resin-based composites

Materials
Vertise
flow

Fusio
dentin
liquid

Surefil
one

GPDMA glycerol-phosphate dimethacrylate,

Manufacturer

Kerr

Pentron
Clinica

Dentsply
Sirona

Chemical composition Filler load

¢ Resin: GPDMA, Not
HEMA, Bis-GMA specified

* Fillers: Pre- SDS only
polymerized particles, reports
colloidal silica, zinc 5-10%
oxide, silanated barium ytterbium
glass, ytterbium fluoride
fluoride content

¢ Resin: UDMA, Not
TEGDMA, HEMA, specified
4-META

e Fillers: nano-sized
amorphous silica,
silane treated barium
glass

* Photo curing system:
camphorquinone

e Structural monomer: 77 wt%
Modified poly-acid 58 vol%

with hydrolytically
stable (methacryl-
amide) groups
Reactive diluent:
Acrylic acid

Filler: Aluminium-
phosphor-strontium-
sodium- fluorosilicate
glass, highly dispersed
silicon dioxide,
ytterbium fluoride
Initiator: Light and
dark cure systems;
camphorquinone, two
reducing agents and
potassium persulphate
Others: Polycarboxylic
acid, iron oxide
pigments, water,
titanium dioxide
pigments, and
stabilizer

HEMA hydroxyethylmethacrylate,

Research data
Sub-optimal retention,
adaptation, and clinical
performance [6—8]

Low dentin bond strength
and poor clinical
performance [9-11]

Several in vitro studies
suggest superior
mechanical properties and
dentin bond strength
compared to conventional
giomers but inferior to
conventional resin
composite counterparts
[1-3, 13-15]

Bis-GMA

bisphenol-A-glycidyl methacrylate, UDMA urethane dimethacrylate, TEG-DMA triethylengly-
coldimethacrylate, 4-META 4-methacryloxyethyl trimellitic acid
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10.2 lon Release, Bioactive, and Antibacterial Properties
of Resin-Based Bulk-Fill Materials

The widespread popularity of GI-based materials is largely attributed to their fluo-
ride ion release and uptake. GI-based materials exhibit anticariogenic properties
owing to the bacteriostatic effect of fluoride ions and the increased resistance of
hard tissues containing fluoride to acid dissolution [16]. Several materials have
recently been developed in order to preserve the simplicity of application, ion
release and cariostatic properties whilst mitigating the shortcomings associated
with GI-based materials such as poor aesthetics and reduced mechanical properties.
Furthermore, the adoption of the biomimetic approach in various disciplines in den-
tistry has fuelled the development of bioactive restoratives. The objective of such
bioactive restoratives is to overcome the drawbacks associated with amalgam alter-
natives, namely marginal gap and microleakage.

10.2.1 Resin Composites with Alkaline Fillers

Bioactive materials can be defined as materials that can affect a biological process,
namely remineralisation of dental hard tissues, as a result of the interaction with the
surrounding environment. In restorative materials, the bioactive glass filler system
is the reactive component and responsible for releasing, upon degradation at neutral
pH, calcium, and phosphate ions leading to the formation of an apatite-like phase to
fill the marginal gap [17]. Ion release is also associated with pH buffering in acidic
environment especially if the bioactive filler contains an alkaline component. Activa
bioactive restorative (AB; Pulpdent, USA) is a heavily marketed resin-containing,
bioactive bulk-fill restorative. AB was claimed to exhibit self-adhesive properties
owing to the ionic interaction between phosphate acid groups within the so-called
ionic resin matrix and calcium ions within the tooth structure. Furthermore, the
manufacturer asserts that the bioactive glass filler system promotes mineral apatite
formation and remineralisation at the restoration-tooth interface. However, several
in vitro studies have cast doubt on AB’s performance. The self-adhesiveness of AB
was deemed nonexistent in one study [18], others reported a significantly lower
bond strength to enamel and dentin as compared to conventional resin composites
and other self-adhering restoratives [13, 14, 19]. Furthermore, AB exhibited lower
wear resistance when compared to conventional resin composites [2]. Clinical data
regarding the performance of AB is mixed, one study demonstrated poor treatment
outcomes (annual failure rate = 24.1%) and the primary cause of failure was loss of
retention followed by post-operative symptoms and secondary caries [20]. In con-
trast, another study reported comparable, short-term clinical performance of AB
and a nanohybrid resin composite [21]. Regarding the bioactivity, one study demon-
strated lack of glass degradation and apatite formation with AB under different
experimental conditions [22]. Another study revealed that AB underscores a con-
ventional RMGI based bulk-fill restorative in terms of fluoride release [23]. Rigorous
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in vitro verification of the performance of AB is warranted in order to determine the
clinical benefits and the scope of indications for such material in clinical practice.
Alkasite, a recently introduced tooth-coloured restorative material which is
comprised of alkaline fillers embedded in a resin matrix. Cention N (CN; Ivoclar
Vivadent, Germany) is a commercially available alkasite processed by hand mix-
ing powder and liquid. Its application requires the use of an adhesive bond in non-
retentive cavity preparations hence it is not considered a self-adhering material.
The currently-available evidence suggests that using adhesive bonding with CN
results in less microleakage [24] and improves bond strength to dentin acting as an
intermediary reliever of polymerisation stresses [1]. The material is primarily self-
cured and utilizes thiocarbamide, hydroperoxide and copper salt as chemical initia-
tors. Light curing of CN is optional but effective to accelerate the setting of the
surface layer (4 mm) of the material. The photoinitiator system is comprised of a
dibenzoyel germanium derivative (Ivocerin) and an acyl phosphine oxide. Ivocerin
exhibits a higher photocuring reactivity and light-absorption in the 400-450 nm
wavelength range as compared to camphoroquinone [1, 25]. CN contains four dif-
ferent dimethacrylate based monomers and urethane dimethacrylate is the main
component of the monomeric matrix. The monomer matrix comprises approxi-
mately 12-40 (wt%) of the set material. The powder contains the inorganic fillers
(particle size: 0.1-35 pm, 78.4 wt%) including barium aluminium silicate glass
filler, ytterbium trifluoride, an isofiller, calcium barium aluminium fluorosilicate,
and calcium fluorsilicate. The last two fillers are primarily responsible for the ion
release exhibited by this material. Calcium fluorsilicate, the alkaline filler com-
prises 24.6 (wt%) of the set material and is responsible for calcium, hydroxyl, and
fluoride ion release [26]. Hydroxyl ions released from CN can play an important
role in neutralizing acidic conditions generated by cariogenic flora or acidic foods
and drinks. Further, hydroxyl ions may lead to higher plaque pH thus reducing the
demineralisation potential of biofilm in the vicinity of the restoration [27]. CN
releases calcium and fluoride ions and forms an apatite-like phase upon immersion
in artificial saliva (pH = 7.0) [22]. An in vitro study revealed that CN (self-cured)
has the highest fluoride ion release and alkalizing potential in acidic pH as com-
pared to CN (light-cured) and a GI-based material [28]. Furthermore, CN was
associated with higher fluoride ion release and recharge capacity when compared
to other GI-based materials [29, 30]. CN was also associated with significantly
smaller demineralised areas in enamel and dentin following an artificial caries
challenge as compared to a conventional resin composite material [31]. Despite
having a rougher surface following finishing procedure, CN exhibited lower
S. mutans adhesion as compared to a smoother resin composite counterpart [32].
In the light of the presented evidence, CN meets the criteria of a bioactive material
and can potentially reduce microleakage and might be of a significant clinical ben-
efit owing to the anticariogenic potential. However, several aspects regarding the
bioactivity of CN are yet to be thoroughly investigated especially the effects of
using an adhesive resin with the material on the ion release and uptake potential.
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CN exhibited a higher degree of conversion compared to a hybrid resin compos-
ite restorative [33]. Furthermore, it exhibited comparable dentin shear bond strength
to a nano-hybrid [34] and a flowable bulk-fill [35] resin composites when all used
materials bonded to dentin using etch-rinse-bond. Moreover, CN exhibited signifi-
cantly higher microtensile bond strength to dentin when compared to a RMGI mate-
rial [1]. CN demonstrates superior mechanical, aesthetic, and marginal sealing
properties when compared to conventional GI and RMGI restoratives [33, 36].
When compared to hybrid resin composite restorative, CN demonstrated lower
microleakage and inferior flexural strength [36]. The high ion release of CN may
indicate increased susceptibility of the filler system to acid attack and hydrolysis
which in turn, may reduce wear resistance [22]. Thus, it might be prudent to veneer
CN with a conventional resin composite restorative in load bearing areas.
Alternatively, additional light curing of the occlusal surface restored with CN may
significantly reduce material wear as demonstrated in one in vitro study [37].

10.2.2 Resin Composites with Fluoride-Containing Filler Systems

Incorporation of fluoride containing filler systems in resin composites has long been
done in order to exploit the anticariogenic potential of the former. However, a lim-
ited number of such resin composite restoratives can be used for bulk-fill applica-
tion (increment thickness >4 mm). Tetric EvoCeram Bulk Fill (TEC; Ivoclar
Vivadent, Germany) is one example on fluoride releasing bulk-fill resin composites.
The proprietary filler system in TEC is largely responsible for the low polymerisa-
tion shrinkage associated with such a material. Ytterbium trifluoride is the filler
component responsible for the fluoride release in TEC. Despite lower fluoride ion
release compared to conventional GI materials [38], TEC exhibited significantly
less demineralisation around restoration margins when compared to a non-fluoride
releasing resin composite [39].

Other fluoride containing fillers may include the GI type filler (Fluoro-Alumino-
Silicate) and CaF, nanoparticles [40]. CaF, nanoparticles are synthesized via spray-
drying and capable of releasing high concentrations of fluoride ions [40].
Experimental resin composites containing CaF, exhibited high release of calcium
and fluoride ions as well as potent biofilm inhibition as indicated by the low produc-
tion of lactic acid, and the decreased colony forming unit [41]. The virtue of using
CaF, nanoparticles is the fact that antibacterial properties and fluoride release occurs
at low fillers concentrations (20-30% by mass). This indicates that the bioactivity of
such compound can be exploited whilst allowing for incorporation of other strength-
ening or reinforcing fillers to be used to configure resin composites with optimum
mechanical properties. Therefore, incorporating CaF, nanoparticles could revolu-
tionize bulk-fill resin composites to produce highly bioactive, caries resistant and
yet durable bulk-fill restoratives. Table 10.2: Summary of chemical composition
and literature pertaining to some commercially available bioactive, ion-releasing
bulk-fill resin-based composites.



10  Bulk-Fill Resin Composites: Recent Advances and Future Perspectives

167

Table 10.2 Bioactive and ion-releasing resin composites

Materials
Activa
bioactive

Pulpdent .

Ivoclar
Vivadent

Cention N

Tetric Ivoclar
EvoCeram Vivadent
bulk fill

Manufacturer Chemical composition

Filler
load

Not
specified

Filler: Bioactive glass,
amorphous silica,
sodium fluoride

Resin: Blend of
diurethane and
methacrylates with
modified polyacrylic
acid

Photoinitiator:
Camphorquinone
liquid: UDMA, DCP,
PEG-400 DMA
hydroperoxide initiator,
stabilizers and additives
Powder: Barium
aluminium silicate glass,
ytterbium trifluoride,
isofiller, calcium barium
aluminium fluorosilicate
glass, calcium
fluorosilicate glass
calcium, thiocarbamide
initiator, copper salt
accelerator, and
pigments

Photoinitiator: Ivocerin
Resin: Bis-GMA,
Bis-EMA, UDMA
Filler: Barium
aluminium silicate glass,
ytterbium trifluoride,
mixed oxide,
prepolymers, additives
Photoinitiator:
Camphorquinone, acyl
phosphine oxide,
Ivocerin

Wt: Up
to ~ 78%

Wt: 81%
Vol: 61%

Research data

In vitro studies
demonstrated suboptimal
mechanical properties and
bond strength to tooth
structure [2, 13, 14, 19].
Bioactivity was deemed
nonexistent by one in vitro
study [22]. Clinical studies
are short-term with mixed
outcomes [20, 21]

Strong alkalizing potential
and high fluoride release
[22, 27, 28]. The use of
adhesive bonding with
Cention N resulted in less
microleakage and higher
dentin bond strength [24,
34, 35]

Lower demineralization
around restorations
compared to conventional
resin composite materials

[39]

UDMA urethane dimethacrylate, DCP tricyclodecan-dimethanol dimethacrylate PEG-400 DMA,
polyethylene glycol 400 dimethacrylate, Bis-GMA bisphenol-A-glycidylmethacrylate, Bis-EMA
ethyoxylated bisphenol A dimethacrylate

10.2.3 Resin Composites with Novel/Experimental Filler Systems

Amorphous calcium phosphate (ACP) nanoparticles have demonstrated promising
potential for long-lasting calcium and phosphate ion release. One study reported the
use of UDMA and triethylene glycol divinylbenzyl ether (TEG-DVBE), 3% dimeth-
ylaminohexadecyl methacrylate (DMAHDM), and 20% ACP nanoparticles to
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produce an antibacterial and bioactive low-shrinkage resin composite [42].
DMAHDM possess strong antibacterial activity, TEG-DVBE exhibits lower sus-
ceptibility to enzymatic and hydrolytic degradation, UDMA is a high molecular
weight structural monomer that higher exhibits high stability toward salivary hydro-
lysis, greater flexibility, and cross-linking density which confer improved mechani-
cal properties and low polymerisation shrinkage [42]. The ACP experimental resin
composite achieved substantial long-term (3 months) antibacterial activity as indi-
cated by the significant reduction of S. mutans biofilm colony-forming units and
lactic acid production. Furthermore, high resistance to S. mutans biofilm acidic
attack was observed with the experimental ACP resin composite as indicated by the
significantly higher dentin hardness in the vicinity of dentin-composite interface as
compared to a conventional resin composite restorative. The ACP experimental
resin composite exhibited significantly lower polymerization shrinkage stress and
similar mechanical properties as compared to a conventional resin composite restor-
ative [42]. However, the study did not specify as to whether this experimental mate-
rial can be used for bulk fill or incremental application.

Other bioactive materials have been explored as potential fillers for resin com-
posite materials. Calcium sodium phosphosilicate (Bioglass 45S5) and Portland
cement have been investigated as modifiers for commercially available bulk-fill
restoratives. Bioglass 45S5 (20 wt%) did not adversely affect the degree of conver-
sion or hardness of the investigated bulk-fill restoratives. Portland cement was, how-
ever, found to have a deleterious effect on the polymerisation of the studied materials
as a result of the significant drop in materials’ light transmittance [43]. Niobium-
containing bioactive glasses have also promising potential in the development of
remineralising resin composites as they do not seem to adversely affect the degree
of monomer conversion [44]. They are also associated with high mineral deposition
and pulp fibroblasts viability [44]. Such findings were obtained from an in vitro
study that utilized the niobium bioactive glass as filler for an adhesive resin. Further
studies are required to verify the performance of bulk-fill resin composites doped
with such bioactive filler.

The significant progress in biomaterial’s research in bone regeneration may
inspire futuristic ideas for bioactive and biocompatible bulk-fill resin composites.
Currently, the utility of polymer composites has a predominant role as scaffolds in
bone tissue engineering [45]. Chitosan (CS) is a bioactive polymer that exhibits high
biocompatibility and antibacterial activity. It can be produced by deacetylation of
chitin; a highly abundant natural polysaccharides [45, 46]. CS can be combined with
hydroxyapatite, calcium phosphate, resinous materials, or ceramic particles to form
strong, and yet bioactive composites [45, 46]. The controlled biodegradability and
solubility in acidic environment of CS can be pivotal to achieve cariostatic proper-
ties. CS based composites are yet to be implemented in bulk-fill dental restoratives.
Despite the promising properties, the impact of biodegradability on biomechanical
reliability and durability of such material warrants meticulous consideration.

Carbon nanotubes (CnTs) are allotropes of carbon with a cylindrical nanostructure
and constructed with length-to-diameter ratio of up to 28,000,000:1 [45]. CnTs con-
taining composites have attracted great attention as biocompatible coatings for
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load-bearing orthopaedic implants [45]. CnTs enhance strength and fracture toughness
of the composite materials as they exhibit high surface area, low density and exception-
ally high strength and stiffness. Besides CnTs’ function as a reinforcing phase to vari-
ous composites, their role as carrier for bioactive ceramic materials is of a great
importance. Incorporation of CnTs based composites in bulk-fill materials may lead to
the development of strong and bioactive restoratives that can be effectively used for
cusp replacement direct restorations in high load bearing areas. However, application
of CnTs in dental resin composites is largely challenged by the difficulty to disperse
CnTs within any matrix phase besides challenging production of pure forms of CnTs
[45]. Absolute gap free margins seem to be far from achievable with the currently avail-
able resin composite restorations and secondary caries remains one of the leading
causes for failure [47]. This is primarily related to polymerization shrinkage and place-
ment techniques. Hence, developing material that possess bioactive, antibacterial and
low polymerisation shrinkage seems to be the way forward to reduce recurrent caries
and improve a restorations’ longevity. Such materials can potentially improve restora-
tions’ longevity at several levels including; smaller marginal gap, lower bacterial colo-
nization or the marginal gap, reduced demineralisation as a result of decreasing
acidogenic potential of the bacterial biofilm and buffering capacity of the bioactive
fillers, decreased enzymatic degradation of resin composite components and collagen
fibres of dentin, and increasing the remineralisation capacity of de novo or remnants
carious/demineralised lesions. Furthermore, such bioactive bulk-fill composites may
have a great potential to be used as biocompatible bone cements for artificial implants.
They might be a biomechanically superior alternative to conventional poly methyl
methacrylate cement with a more controlled setting reaction.

10.3 Self-Healing or Crack-Sealing Properties

Bulk fracture or chipping of resin composite restorations are among the leading
reasons for restoration repair or replacement [48]. In the oral environment, poly-
merisation shrinkage, fluctuation of temperature, and repetitive occlusal loading
especially in the stress bearing areas may lead to the accumulation of cracks within
the restorations. This matter is further complicated in extensive restorations or in the
presence of excessive occlusal loading as a result of parafunctional habits. Once a
crack propagates to a critical size/length, fracture of the restoration becomes inevi-
table. Thus, it is paramount to engineer restorative materials to inhibit crack growth
and propagation. One of the strategies to fulfil such objective is to integrate a self-
healing or a crack-sealing mechanism within the restorative material.

10.3.1 Urea-Based Capsular Shell Systems
A widely investigated self-healing mechanism is based on releasing reactive mol-

ecules from micro- or nano-capsules in response to a mechanical stimulus [49].
Such reactive molecules can repair crack damage and recover the mechanical
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performance of a resin matrix polymer. A recent systematic review identified ten
studies and two patents describing self-healing microcapsule-based resin compos-
ite restoratives [49]. Poly urea-formaldehyde (UF), melamine-modified UF, and
polyoxymethylene urea were all reported as capsular shell material whilst poly
UF being the most commonly utilized. In this group of microcapsules, the healing
agents used were DCPD, TEGDMA-DHEPT, TMPET, UDMA, Bis-GMA, and
MBDMA amine. One study reported using melamine-modified UF with DCPD
monomer and no catalyst whilst all other studies reported the use of a catalyst sys-
tem such as Grubb’s catalyst or benzoyl peroxide [50]. Rupture of microcapsules
as a result of crack formation releases the healing monomeric molecules which
become in contact with a catalyst that is dispersed within the resin composite
matrix. Consequently, a polymerisation reaction leads to the formation of a repara-
tive polymer in the vicinity of the mechanical stimulus that eventually obturate
flaws created by propagating cracks.

10.3.2 Silanized Silica Microcapsule Systems

Silanized silica microcapsules have been advocated as an alternative to urea-based
counterparts. Silica microcapsules exhibit a lower tendency to rupture owing to the
significantly higher shell thickness as compared to poly UF counterparts
(160-230 nm vs. 4-8 pm) [49]. However, silanization of the silica microcapsule
increases the bond strength to the resin matrix and facilitates microcapsule rupture
upon exposure to a propagating crack as well as improves the overall mechanical
properties of the self-healing resin composite [49]. Silanized silica microcapsules
containing an aqueous solution of polyacrylic acid is another self-healing system
that can be used in resin composites [51]. Once ruptured as a result of a propagating
crack, polyacrylic acid reacts with amorphous calcium phosphate and strontium
fluoroaluminosilicate (healing fillers) within the resin composite to produce repara-
tive GI molecules with an ionic crosslinking network [51] (Fig. 10.2).
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Fig. 10.2 Schematic representation of the components involved in the self-healing composite
systems. PAA polyacrylic acid, FAS fluoroaluminosilicate, RGIC reparative glass ionomer, HMM
hydroxy methyl methacrylate, RP reparative polymer
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10.3.3 Potentials and Limitations of the Current
Self-Healing Systems

Implementation of self-healing mechanisms is an optimum utilization of biomi-
metic approach to overcome a significant problem encountered with resin compos-
ite restoratives. Microcapsules loaded with various healing substances resulted in
25-80% recovery of the original fracture toughness in several experimental resin
composite restoratives [49]. A significant potential is present for incorporating such
technology in bulk-fill resin composites. It has been reported that microcapsules
with different healing substances were able to recover the mechanical properties of
various bulk, self-adhering polymeric materials with various setting mechanisms
[52]. However, the exploitation of such strategy may encounter a multitude of prob-
lems related to the technicality of the production and dispersion of microcapsules
within a resin composite material. Further, the instability of the catalyst compounds
used in self-healing systems when subjected to high temperatures created by light
curing may compromise their performance [49]. One major concern with the use of
microcapsule technology is the remnant spaces created by the explosion of the
microcapsules and their effects on mechanical reliability and surface roughness
[49]. Concerns regarding the biocompatibility of the self-healing systems do also
exist. DCPD monomer is no longer used in dental materials owing to the high cyto-
toxicity [53]. Local or systemic toxicity as a result of monomeric healing substance
or formaldehyde elution can be of a significant concern [49]. Further research is
required to ensure biosafety and efficient delivery of the healing agents in resin
composite restoratives (Table 10.3).

Table 10.3 Summary of self-healing systems and their chemical composition

Strength
Capsular shell type Chemical ingredient of healing agents recovery
PUF-microcapsules TEGDMA-DHEPT monomers 57-81%
BPO catalyst
Bis-GMA,UDMA, TMPTMA, MBDMA =~ 40%
BPO + PA (catalyst)
DCPD monomer =~ 57%
Grubb’s catalyst
Melamine-modified DCPD monomer N/A
UF-microcapsules
Silanized silica Aqueous solution of polyacrylic acid strontium ~25%

microcapsules fluoroaluminosilicate glass filler
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10.4 Aesthetic Properties

Achieving an optimum aesthetic result with direct resin composites requires metic-
ulous placement of multiple layers with different opacities/values. In principle, this
contradicts the concept of bulk filling and negates many of its advantages.
Furthermore, the current bulk-fill restoratives cover basic monochromatic shades
and enamel, dentine, body, translucent, and opaque shades are yet to be made avail-
able. Rather than using pigments to obtain different shades, structurally coloured
resin composites utilize filler systems with refractive index similar to that for the
cured resin matrix [54, 55]. This, in turn, results in sufficient light diffusivity to
produce the so-called chameleon effect [55]. In one commercially available conven-
tional resin composite (OmniChroma, Tokuyama Dental Corp., Japan), the uni-
formly sized supra-nano spherical zirconia and silica fillers (260 nm) reflects light
in the red-to-yellow spectrum [56]. Similarly, light reflected from adjacent tooth
structure is within the same spectrum. The combined light reflection from tooth
structure and restoration besides the diffusion of light from the restoration into the
nearby tooth structure may lead to enhanced colour matching [57]. This in turn has
led to development of universal shade restoratives that could cover a wide range of
classical shades.

Bulk-fill restoratives may benefit from such advances in colour chem-
istry where anterior teeth can be restored in bulk whilst produce an aestheti-
cally appealing outcome. In human teeth, fluorescent emission by ambient UV
light occurs primarily in dentine which is related to its organic content [58].
The bluish-white fluorescence of human teeth is the result of a broad emission
band with a diffuse peak at 410-420 nm when subjected to near UV excitation
[59]. Fluorescence is a key determinant of aesthetic outcome and shade match
[60]. Ideal restorative materials should exhibit fluorescence similar to that of
natural teeth [59, 60]. Aesthetic performance and shade match was negatively
affected with restorative materials that exhibited less intense fluorescence than
natural teeth [61]. Rare earth metals have been used in dental resin composites
and ceramics to act as lumiphores [59]. However, they reportedly failed to yield
fluorescence comparable to that of tooth structure [59]. Semiconductor nanopar-
ticles or the so-called quantum dots may exhibit more potential in manipulation
of resin composite’s fluorescence. The highly luminescent, core-shell, Cadmium
Selenide-Zinc Sulphide (CdSe/ZnS) composite quantum dots were able to mod-
ify the fluorescence of a conventional resin composite material to match that of
natural teeth [62]. Such an approach can be of great potential to improve shade
matching of bulk-fill restoratives via optimizing fluorescence intensity. However,
concerns remain regarding long term performance should this approach be uti-
lized. Several factors within the oral environment such as temperature fluctua-
tion, enzymatic activity, moisture, and oxidation reactions may reduce quantum
yield and thereby fluorescence intensity.
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10.5 How to Choose from the Ever-Growing Bulk-Fill
Restoratives Available to Practitioners

Clinicians have the duty to select the restorative material that meets the functional
and aesthetic demands of the patient at the least biological cost and which provides
the best available favourable prognosis. The vast and progressively increasing vari-
ety of dental materials in the market alongside the increased marketing activities has
rendered material selection a difficult task for clinicians. Clinicians should use/
update their working knowledge to scrutinize various aspects related to the proper-
ties and performance of each material. Being aware of the specifications, advan-
tages, disadvantages, and grades of a particular dental material as well as the clinical
demands of the patient is key for optimum material selection.

“The field of dental materials has grown significantly, but the time available for
teaching and studying this subject has not”, a statement made in one of the most
famous dental materials textbooks more than a decade ago [63]. As of yet, no nota-
ble changes to the undergraduate dental curricula could be observed to accommo-
date the growth of this field. Thus, at the end of this book, we propose a succinct and
structured strategy to help the clinicians make a balanced and evidence-based deci-
sion to select a particular restorative material.

10.5.1 Choosing Materials in the Same Category

It is always useful to compare a new material to reference counterparts or previous
generations of the same material with long-term and documented optimum clinical
performance. Independent and long-term clinical studies with a low risk of bias
provide optimum evidence and guidance for clinicians in this context. However,
with emerging, new materials such studies are scarce. Thus, it is prudent to resort to
independent in vitro studies and short-term clinical trials. The findings of such stud-
ies should be scrutinized and compared to reference materials in order to make an
informed decision on how well this material may perform in a clinical environment.

10.5.2 Using Marketing Data

There are several examples where extensively marketed dental materials failed to
convey any advantage when rigorously tested in clinical trials. It is widely accepted
that manufacturer-funded studies will very likely report less complication rates and
more positive research findings. Of course, such findings can be trusted once con-
firmed by studies conducted by independent researchers and published in journals
with a strict policy to deal with conflict of interest among researchers. Findings
from studies comparing materials from the same category manufactured by differ-
ent competitors can also be utilized effectively to help with material selection.
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10.5.3 Moving Beyond P-Values

Leaving aside the controversy among statisticians regarding the validity of the sta-
tistical significance as a tool, clinicians should critically appraise research findings
and their validity/relevance to clinical practice. In this context, clinicians should
understand that materials with significantly superior performance over a competitor
counterpart or previous generation may only provide an extra 0.2 mm of clinical
attachment gain, 4% reduction in polymerisation shrinkage, or 15 s shorter proce-
dure time, which are all barely measurable and of no clinical significance.

It is also paramount that clinicians assess whether the used methodology ade-
quately answers the research question. In this context, clinicians differentiate
between success and survival reported in clinical studies and the implications of the
difference between the two outcomes on clinical decision making. In the case of
in vitro studies, the burden is larger as deeper knowledge is required to extrapolate
clinically relevant data. For instance, cyclic fatigue studies of restored natural teeth
are more relevant to the clinical situation compared to static experimental designs
utilizing disc- or beam-shaped specimens.

10.5.4 Operator’s Clinical Experience and Expertise

The three pillars that comprise evidence-based dentistry are patient’s needs, scien-
tific evidence, and clinician’s expertise. Whilst clinicians must endeavour to choose
materials based on sound research data, they also must ensure that they master the
handling of such material. Hands-on training are key to optimize clinical techniques
utilizing new dental materials prior to using them for patients.

10.6 Summary

This chapter has explored the progress already achieved with bulk-fill resin com-
posite materials but also potential improvements to this group of materials, that
might lead to improved clinical outcomes have been explored in depth. The follow-
ing conclusions can be drawn:

1. Self-adhering bulk materials would be a significant asset in clinical practice;
however, significant research is needed to further develop these materials.

2. Bioactive or bio reactive, ion release, and antimicrobial properties are desirable
characteristics for all materials but in this context for bulk-fill resin composite
materials. There is much to do, however, to develop these technologies not least
to demonstrate the clinical benefit.

3. Whilst self-healing and crack sealing properties are valid areas for further
research there are concerns about the biosafety and the efficient delivery of these
materials and again the clinical benefits need to be demonstrated in suitably
designed and powered clinical trials.
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4.

Traditionally bulk-fill materials have performed poorly with respect to achieving
a good aesthetic outcome. There are interesting, proposed developments to
improve the aesthetics of this group of materials but further development and
clinical evaluation is required.
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