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Water Mediated Changes in Dental Restorative Materials
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DESCRIPTION

Dental resin composites are widely used in restorative dentistry
due to their esthetic qualities and mechanical performance. One
of the main challenges with resin composites is polymerization
shrinkage, which induces contraction stress at the tooth-
restoration interface. Contraction stress may lead to marginal
gaps, secondary caries and post-operative sensitivity. Water
sorption by resin composites can contribute to stress relaxation
over time, reducing interfacial stress and improving restoration
longevity. This review examines the mechanisms of contraction
stress, the influence of water sorption and factors affecting stress
release in resin composites. Material composition, filler content
and clinical implications are discussed.

Resin composites consist of an organic polymer matrix,
inorganic fillers and coupling agents that bind fillers to the
matrix. During polymerization, monomers convert to a
crosslinked polymer network, causing volumetric shrinkage. This
shrinkage generates contraction stress, which can compromise
restoration integrity. Water sorption is a natural process in the
oral environment, where hydrophilic resin components absorb
Water uptake can induce hygroscopic expansion,
counteracting shrinkage stress. Understanding how water
sorption affects contraction stress is important for predicting
composite performance and improving clinical outcomes.

water.

Mechanisms of contraction stress

Polymerization shrinkage results from monomer conversion to
polymer and network formation. As the resin polymerizes, the
material volume decreases, creating stress at bonded interfaces.
The magnitude of contraction stress depends on polymerization
rate, filler content, cavity geometry and bonding strength. High-
viscosity composites or bulkfill materials may develop greater
stress during polymerization due to restricted flow. Contraction
stress can compromise marginal seal, promote microleakage and
contribute to restoration failure.

Water sorption and hygroscopic expansion

Water sorption occurs when hydrophilic components of the
resin matrix absorb oral fluids. The absorbed water causes
swelling of the polymer network, resulting in hygroscopic
expansion. This expansion can partially offset polymerization
shrinkage and reduce contraction stress at the tooth-restoration
interface. Water sorption is influenced by monomer
hydrophilicity, filler content and degree of
Composites with higher filler loading generally absorb less water
due to reduced resin volume, while more hydrophilic matrices
take up more water and exhibit greater stress release.

conversion.

Factors affecting stress release

Several factors influence the extent to which water sorption
reduces contraction stress. Resin composition, filler particle size
and distribution affect both shrinkage and water uptake. Silane
coupling agents enhance filler-matrix bonding and may limit
swelling, ensuring controlled stress relaxation.
Environmental conditions, such as temperature and humidity,
also modulate water absorption and expansion. Composite
curing protocols, including light intensity, exposure time and
incremental layering, affect polymerization shrinkage and the
subsequent potential for stress release by water sorption.

excessive

Experimental evidence

Studies have demonstrated that water sorption can reduce
contraction stress in dental resin composites. Laboratory tests
using bonded composite specimens show that hygroscopic
expansion occurs within days to weeks after polymerization. The
degree of stress reduction depends on composite formulation,
filler type and resin matrix properties. Composites with higher
hydrophilicity or lower filler loading exhibit more pronounced
stress relaxation. Rheological and mechanical analyses confirm
that water sorption induces dimensional changes sufficient to
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partially offset polymerization shrinkage, improving interfacial

stability.

Polymerization contraction stress is a critical factor influencing
the performance of dental resin composites. Water sorption
induces hygroscopic expansion that can partially relieve this
stress, improve interfacial adaptation and reduce the risk of
microleakage. Resin composition, filler content and silane
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coupling agents modulate both contraction stress and water
uptake, affecting the extent of stress release. Understanding
these to optimize material
selection, curing protocols and placement techniques. Future

interactions allows clinicians
developments in composite design will enhance the balance
between stress management, mechanical strength and long-term

durability in restorative dentistry.
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