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Nanofilled Resin Composites : Expectations and Facts

Emeritus Professor, University of Cologne, Germany

Werner J. Finger

The term “nanotechnology” has evolved over the years via terminology drift to mean “anything smaller than
microtechnology,” such as nano powders, and other things that are nanoscale in size, but not referring to mechanisms that
have been purposefully built from nanoscale components. This evolved version of the term is more properly labeled
“nanoscale bulk technology,” while the original meaning is more properly labeled “molecular nanotechnology.”

Classical resin composite materials comprise hybrid types containing blends of microscopic (1-5¢m) and submicroscopic
(0.4-0.8 4m) glass particles, and microfill materials, typically containing silica particles (0.04-0.05/#m) mostly added in
prepolymerized fillers. Based on the definition “nanoscale bulk technology” new classes of resin composite restorative
materials, so-called nanocomposites have been developed and marketed during recent years. Such materials are available
as nanofill types, containing both discrete and nanocluster particles, and as nanohybrid compounds, containing milled glass
fillers and discrete nanoparticles (40-50 nm). The reduction in particle size with such new resin composites has reportedly
opened new gateways in restorative dentistry. Nanocomposites are claimed to combine the high mechanical strength of the
hybrids and the superior polish of the microfills. Other claimed positive features are high wear-resistance, improved optical
characteristics, and in particular reduced polymerization shrinkage. Therefore, clinicians’ expectations are high regarding
improved performance. On the other hand, the facts, available from literature reports on individual products and
evaluations of different material characteristics are not consistent.

This presentation aims at shedding more light on a number of clinically relevant parameters of six nano resin
composites compared with a traditional micro-hybrid and a microfilled resin composite. Polymerization contraction strains,
measured by Watts & Cash’s method and determined on strain gages, will be discussed and contrasted with the stresses
occurring during polymerization, determined by a photoelastic method. In addition, marginal gap widths of restoratives in
cylindrical bonded and non-bonded dentin cavities, as well as in Teflon cavities of the same shape and dimensions were
measured as clinically more easily comprehensible parameters. Basic mechanical characteristics such as surface
indentation hardness, tensile strength, and flexural strength and modulus are discussed. In particular, the role of the resins’
stiffness will be analyzed as a parameter influencing on marginal cavity adaptation. Relationships between the degree of
conversion of double bonds and mechanical characteristics will be presented and discussed relative to the monomer
compositions of the different resin composites. With the new filler concepts applied it was also reasonable to assess
polishability and wear characteristics after toothbrushing abrasion with standardized calcium carbonate slurry. X-ray
opacity is another practically important parameter that will be presented and discussed relative to the materials’
compositions.

The summarizing assessment of this recently popular group of restorative materials will show that the terms “nanofilled”
and/or “low-shrinkage” resin composites are not quality parameters per se that guarantee the insinuated improvements of

the resin restorations’ quality.
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Synergistic Effects between Single-step Adhesives and Low-shrinkage
Resin-based Restoratives

Emeritus Professor, University of Cologne, Germany

Werner J. Finger

Synergy is by definition the interaction of two or more substances or other agents to produce a combined effect greater
than the sum of their separate effects. Since all-in-one self-etch adhesives and a new group of low-shrinkage resin
composites have gained considerable interest in dentistry it seems motivated to shed more light on possible synergistic
effects between these two compounds.

All-in-one adhesives have mainly been developed to facilitate clinical procedures during placement of restorations.
Although not unequivocally accepted, the numbers of new single-step adhesives introduced during the last few years, the
improvements achieved when compared with the first products of this group, and some albeit short-term clinical research
reports indicate, that these compounds may have a potential to play a major role in the future. The term “low-shrinkage”
resin composite, that is often associated with nanofiller containing products, promises basically a highly desirable material
characteristic. Nanofilled composites are resin-based restoratives that according to marketing claims purposely fill the gap
between traditional hybrid and microfilled resin type composites. However, in contrast to the common understanding of
nanotechnology, a term erroneously used by some dental products manufacturers, these compounds only contain nanofiller-
sized particles, discrete or clustered or in combination with ground glass fillers, with the sole purpose to mediate as high
mechanical resistance as classical hybrid-type materials and ease of polishing and polish retain as conventional microfiller
composites. Their indications as universal resin composites corroborate this claim.

In this presentation, relationships between resin restorations’ adaptation in tooth cavities, polymerization contraction
strain, shrinkage stress, degree of conversion, and mechanical parameters of resin composites will be presented. Since
bond strength values, mediated by adhesives as coupling agents between tooth substrate and resin-based restoratives are
still frequently referred to as quality criteria, the validity of such parameters as predictive tools for clinical long-term
performance of restorations will be critically discussed on the basis of evaluations from combinations of a recently
introduced single-step adhesive with a number of nanofiller containing resin composites.

Analyses of advantages of and shortcomings with all-in-one adhesives and current low-shrinkage nano-resin composites,
as well as perspectives for future directions in research and development will be presented and forwarded as topics for

critical discussion at this evening seminar for young researchers.
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