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Polymerization Stress: Does It Really Impact the Longevity of Composite Restorations?

CARMEM S. PFEIFER, DDS, PhD*

Vast literature is available on the topic of polymerization shrinkage stress in dental composites.1–4 As pointed out in the
article “Management of Shrinkage Stress in Direct Restorative Light-cured Composites: A Review,”5 stresses develop
because of the confinement imposed to polymerization shrinkage by the bond to cavity walls.6 Stress development is a
function of the geometry of the cavity7 and properties inherent to the material, such as conversion and elastic
modulus.3 This has led to the development of new materials8 and polymerization techniques9 to minimize the possible
effects of stress on the bonded interface. It is important for anyone using these materials to understand the origin,
potential ramifications, and methods to cope with these stresses, as discussed in the article. But although most of the
stress generation mechanisms have been elucidated, and a good correlation has been established between stress and
marginal gap formation in vitro,10,11 clinical studies have failed to demonstrate the influence of polymerization stress on
the longevity of composite restorations.12–14 Hence, the challenge remains to understand the complex reasons why
dental composite restorations fail and to determine to what extent this is dependent upon polymerization stress.

The link between composite shrinkage and stress seems an obvious one because clinical studies have demonstrated
that the average life span of a composite restoration is 6 years13,15–18 and that the most common causes for failure
include secondary decay and fracture, which in turn are due to the degradation of the composite material itself and
the adhesive bond over time. Even though polymerization stress is a likely factor for marginal integrity breakdown, it is
still not fully understood why, in some cases, even with relatively large interfacial gaps, no secondary decay is observed.
Possible hypotheses include variations in the patient’s dietary and hygiene habits, which in turn may regulate material
degradation and bacterial colonization. Several studies have been conducted to understand the regulatory effect some
of the degradation products of dental composites and dental adhesives have on the metabolic activity of cariogenic
bacteria.19,20 For example, it has been demonstrated that degradation derivatives of common dental monomers (such
as bis-hydroxy-propoxyphenyl propane, ethoxylated bisphenol A, methacrylic acid, and triethylene glycol) may either
stimulate or inhibit the growth of Streptococcus mutans and Streptococcuss salivarius strains.20 A recent request for
research applications was issued by the National Institutes of Health aiming at developing a new composite system
with significantly improved service life, as compared with current BisGMA/TEGDMA-based materials.The need exists
to develop new materials with not only reduced contraction stress, but also capable of withstanding the complex
challenges in the oral environment for extended periods of time, with significantly reduced
hydrolytic/enzymatic-derived degradation and desirably with antimicrobial activity.

Other than patient-derived issues (dietary and hygiene habits), the other factor to be considered in restoration
longevity is the operator-derived variation in the outcomes. Placing a composite is a very technique-sensitive
procedure,21,22 in large part due to the polymerization shrinkage stress problem.This may explain why clinical studies
have so far been unable to find a correlation between the stress values reported in laboratory studies and the
longevity of restorations placed in vivo.13,16–18,22 Types of clinical studies also vary: compared with randomized clinical
trials, practice-based research provides a snapshot of the real-life outcomes of composite restorations, which includes
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practitioners with a broad range of skill levels, serving a broad range of population cohorts.This range of skill level
brought about the need for strategies and technologies to help calibrate the performance of practitioners, but also for
the development of materials whose placement is less prone to operator-derived error.

In summary, even though polymerization stress is likely a major factor determining the longevity of composite
restorations, biological as well as placement technique aspects must also be considered. Research and development
efforts will continue to lead dentistry in the direction of more durable and robust direct esthetic materials in the
future.
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