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The material science behind modern restoratives
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ABSTRACT

No other material has undergone a bigger evolution in the history of dentistry as
composite resin. Since the first resins were successfully bonded to dentin, the goal of
clinical and material science has been to find simple, predictable approaches to the
composite restorative process. This article provides an overview of some key advances
in composite resins in the past several decades in terms of composite formulation,

bioactivity, and placement.

thaslongbeen a goal of clinical and
materials science to improve the
direct resin dental restorative pro-
cess. Unlike amalgam, the forerun-
ner of today’s direct restoratives,
the placement of composite resins
requires multiple steps and exact-
ing techniques to achieve the best results. In
the past few decades, composite materials
have been developed to allow the dentist to
be able to more simply and efficiently restore
teeth in the anterior and posterior.

The chemistry of composite resins has
changed significantly since their introduction
more than 5 decades ago. Although there are
variations in the specific composition and dis-
tribution of the resin matrix and fillers, most
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composites are fabricated using either bi-
sphenol-A diglycidylmetacrylate (bis-GMA)

or urethane dimethacrylate (UDMA) with

glass fillers and colloidal silica. Classification

of composites is typically related to the dis-
tribution and average filler particle size (eg,
microfill, hybrid, nanohybrid). As new com-
posite formulations have been introduced,
their classification has expanded to include

the physical and chemical characteristics of
the restorative material. Within the compos-
ite resin family, composites have been de-
scribed based upon the location of the teeth

being treated (eg, anterior, posterior, univer-
sal); material viscosity (eg, flowable, pack-
able); method of placement (eg, bulk fill); and

recently, bioactivity (eg, ability to release

fluoride). The focus of this article will be on

some of the latest technologies that have

been incorporated into composite resins.

Nanohybrid Composite Technologies

The trend with composite resins over the past
decade hasbeen to develop a material that has
optimized physical properties and is polish-
able. Nanohybrid and nanofilled composites
provide a more highly filled and polishable
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composite material that can be used in the

posterior region as well as esthetic areas of
the oral cavity. These materials are produced

with nanofiller technology and formulated

with nanomer and nanocluster filler particles.
Nanomers are discrete nano-agglomerated

particles of 20 to 75 nm in size and nano-
clusters are loosely bound agglomerates of
nano-sized particles. The combination of
nanomer-sized particles and nanocluster

formations reduces the interstitial spacing

of the filler particles, creating the ability to

increase filler load while having the ability to

polish well.! These materials therefore have

better physical properties than earlier gener-
ations of hybrid and microhybrid composites

and improved polish retention. Besides the

universal composites, many of the bulk-fill

composite technologies, except for bulk-fill

flowable resins meant for dentin replacement

only, incorporate nano technology."*

Evolution of Bulk-Fill Materials

Glass ionomer cements (GICs) can be con-
sidered the first bulk-fill restorative materials,
as they have been available for decades as a
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bulk-fill dentin replacement for large cavities
(Figure 1). With a coefficient of thermal expan-
sion similar to dentin and the ability to rem-
ineralize tooth structure, GICs have been the
choice for many clinicians in deeper lesions
where adhesive dentistry doesn’t fare as well.
The “sandwich technique,” first described by
Dr. John McLean in 1985, used GIC to bond
composite resin to teeth.* Since that time,
GICshavebeen widely used in large cavities to
replace lost dentin in a “bulk” fashion and are
covered with a surfacing of composite resin.>”
GICrestorative materials are typically used
to restore teeth in non-stress bearing areas
due to poor physical properties.® In addition,
most GICs are not as esthetic as composite
resins. By adding resin to GICs, the resulting
class of materials, resin-modified glass iono-
mers, demonstrates improved esthetics and
physical properties without compromising the
bioactivity of fluoride release and adhesion.’

Incremental vs Bulk Placement
Traditionally, clinical placement of compos-
ite resins has been done using an incremen-
tal technique. Because of polymerization
shrinkage, as well as the inability to light
cure composite materials beyond a certain
depth, it has been generally recommended
to place composite resin in increments of 2
mm or less. Also, incremental placement of
posterior composites has been associated
with porosity and voids within the composite.
With advances in polymer chemistry, photo
activation, and curing light technologies that
we currently see with today’s composite resin
materials, incremental placement is no lon-
ger the only option.

Most bulk-fill composite materials are
placed in up to 4-mm increments and can cure
to that depth as well, replacing both enamel
and dentin (Figure 2 to Figure 4).1°"" It is crit-
ical when light curing bulk-fill composites that
adequate light energy is delivered to the com-
posite. In many cases, there will need to be an
increase in curing time with LED curing lights
with irradiance values of between 600 and

(1.) Glass ionomer cement (Fuji IX Extra, GC America) being placed as a dentin replacement in this disto-occlusal cavity preparation

prior to placement of composite to replace the enamel functional surface. (2.) Side-by-side restorations placed with bulk-fill composite
(Aura Bulk Fill, SDI) prior to removal of the sectional matrix on the distal aspect of tooth No. 12. A sectional matrix was first placed on
the mesial aspect of tooth No. 13 and the restorative material placed and contoured prior to filling the preparation on tooth No. 12. (3. A
composite placing instrument (Flexi-Thin Mini 4, Hu-Friedy, www.hu-friedy.com) is used to shape occlusal morphology on this bulk-filled
composite restoration (Tetric EvoCeram Bulk Fill, Ivoclar Vivadent) prior to light curing. 4.) A post-polish view of the distal occlusal bulk-
filled composite (Beautifil-Bulk Restorative, Shofu) on tooth No. 19. Note the luster as a result of nanofilled composite technology and the
chameleon effect that blends the restoration with the tooth surface.
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2200 mW/cm?2."? The composition and trans-
lucency of these materials has been altered

in various ways to allow for increased depth

of cure while exhibiting less polymerization

shrinkage and shrinkage stress than previous

generations of composite materials. Some of
the ways these changes in the behavior of com-
posite resins have been accomplished include

increased amounts of or different photo initi-
ators to allow for increased curing depth and

newer types of monomers and elastic fillers

that minimize the shrinkage when the mate-
rial is polymerized.

As early as 2001, studies comparing incre-
mental versus bulk-fill placement of compos-
ite showed there is no difference in cuspal
deflection or marginal integrity when com-
paring techniques of placement.’*’® The main
clinical issue with bulk-fill materials is depth
of cure. It is also important to note that di-
rectional curing from the buccal and lingual
(palatal) aspects after removal of the matrix
helps increase the ability to cure composite
at the gingival margin of the proximal box in
a Class II restoration.!*18




Bulk-Fill Flowables
Flowable composites were introduced in the
late 1990s." They are characterized by a low
viscosity that allows the composite to be ap-
plied through small-gauge needles and are rec-
ommended for preventive resin restorations.

In 2010, bulk-fill flowable composites
were introduced to the dental marketplace,
the first being Surefil’ SDR" (Smart Dentin
Replacement) (DENTSPLY Caulk, www.
dentsply.com). Since then, many other bulk-fill
flowable composites have followed (eg, Tetric
EvoFlow’, Ivoclar Vivdent, www.ivoclarviva-
dent.us; x-tra Base, VOCO America, www.voco.
com/us; Venus' Bulk Fill, Heraeus Kulzer,
http://heraeus-kulzer.com; HyperFil” DC,
Parkell, www.parkell.com, Beautifil-Bulk
Flowable, Shofu, www.shofu.com; Filtek”™
Bulk Fill, 3M ESPE, www.3mespe.com).

These materials are indicated for use as a
bulk-fill base (dentin replacement) beneath
posterior composite restorations and can
be placed in a single increment up to 4 mm
in depth (Figure 5). Placing that amount of
material in a single increment is a significant
time saver, and although the concept sounds
quite simple, there are several important
requirements a material must meet for this
particular indication. According to the man-
ufacturers, these include increased depth of
cure, aviscosity that will readily adapt to the
internal walls of the cavity without the need
for manipulation of the material, and low po-
lymerization shrinkage stress.?°2?

Because of their translucent nature and de-
creased percentage of filler particles, bulk-fill
flowable composites require a conventional

nanohybrid composite material to be placed
as the “enamel-capping layer” (Figure 6).22

Sonic Bulk-Fill Composite Delivery
Another recent development in bulk-fill com-
posites combines advances in material formu-
lation with anovel delivery system. SonicFill™
(Kerr Dental, www.kerrdental.com) consists
of a proprietary composite resin and a sonic
handpiece that fits onto a traditional high-
speed handpiece coupler. The sonic energy
generated by the handpiece causes a dramatic
change in the viscosity of the composite resin
so that during placement, itbehaves similarly
to aflowable liner in its ability to adapt to the
internal surfaces of the cavity preparation.
Although the restorative material is around
86% filled by weight, special additives in the
composite allow the filler particles to slide
very readily over one another when activated
by the sonic energy in the handpiece. It can fill
all the intricate line angles and point angles of
the most complex posterior cavity preparation
in a very precise and uniform fashion. Once
the sonic energy is removed, the composite
resin gradually returns to a higher viscosity,
which is suitable for sculpting the restoration
toits most precise morphologic form. The ma-
terial is then light cured and finished using
traditional techniques. Another unique prop-
erty of SonicFill is that it has a polymerization
shrinkage of approximately 1.6% and can be
bulk filled to a depth of 5 mm while still hav-
ing greater than 97% full cure at its deepest
point.’ SonicFill does not require a separate
nano microhybrid layer as the last occlusal
increment (Figure 7 through Figure 9).

(5.) Bulk-fill flowable composite (x-tra Base, VOCO America) placed as a dentin replacement in a 4-mm increment after using a self-etching
adhesive to bond the flowable to the surface of the dentin. (6.) An occlusal view of teeth Nos. 18 and 19 after anatomic placement of the
enamel “capping” layer (xtra-Fil, VOCO America), finishing, and polishing.
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Composite Resin Bioactivity
Marginal breakdown and recurrent decay
have always been the processes by which
many dental restorations ultimately fail.
One of the challenges for long-term clini-
cal success of a dental restorative is to find
a mechanism by which these materials can
slow down or prevent this process. Glass
ionomer materials are known for their re-
lease of fluoride ions and their ability to help
remineralize demineralized tooth structure.
The solubility of GICs in the oral environ-
ment contributes to their unique ability to
be recharged by fluoride over time through
the use of fluoride-containing toothpastes
and mouthrinses.® However, as previously
mentioned, GICs are not durable in restoring
stress-bearing surfaces and do not provide a
very esthetic final result.

The Giomer products from Shofu (eg,
Beautifil” IT, Beautifil-Bulk Restorative and
Flowable) improve upon the fluoride release
of GICs by means of their unique surface
pre-reacted glass (S-PRG) filler. S-PRG
fillers have a glass core that is pre-reacted
with a polyacrylic acid solution. The glass
ionomer phase in Giomer fillers is protected
from water sorption and material degrada-
tion by a surface modified layer. As a result,
the ion exchange from a composite materi-
al that incorporates this technology has the
ability to help neutralize acids that result
from bacterial metabolism and that are a
direct cause of tooth demineralization and
decay for extended periods of time (Figure
10 through Figure 12). Giomers can give the
benefit of ion exchange similar to GIC, which
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can be especially important in caries-prone
individuals.?*?

Moving Away from bis- GMA-
Based Composite Materials

As composite restorative materials continue
to evolve and improve, some manufacturers
are looking at moving away from tradition-
al chemistries. The search is on for a more
biocompatible restorative material that has
less polymerization shrinkage and a higher
degree of conversion (DOC), leaving less un-
reacted monomer in the restorative matrix.
N’Durance® (Septodont, www.septodontusa.
com) is a composite that is based on Dimer
chemistry and reports conversion rates in
the mid 70% range. Traditional bis-GMA
composites have conversion rates in the
60+% range.”® Early next year, VOCO will
launch an ORMOCER (organically modified
ceramic) restorative material that will be the
first purely silicate-based direct restorative
material in the market. The fillers and ma-
trix of Admira Fusion (VOCO) will be based
on silicon oxide (Si0O), similar to porcelain,
containing none of the classic monomers
used in composite chemistry for a higher de-
gree of biocompatibility. Nano-ORMOCER
technology reduces polymerization shrink-
age and shrinkage stress by up to 50% when
compared to conventional composites. The
DOC is in the area of 95% to 99%, which is
virtually identical to indirect composites,
making the material more stain-resistant
and able to sustain a high degree of luster.

Conclusion

One ofthe key goals of innovative restorative

materials is to simplify the placement of di-
rect tooth restoration with composite resins

without compromising the quality of the fi-
nal result. Trying to recreate nature’s blue-
print with man-made materials is no simple

task. Yet, advances are being made to allow
dentists to create excellent, esthetic tooth

replacements using direct tooth-colored re-
storative materials that can give the patient

an optimal, long-lasting result. Materials

science continues to develop and refine res-
in-filling materials that require fewer steps

to place with less technique sensitivity, and

that are more biologically harmonious with

natural tooth structure.

FIG.11
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