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ABSTRACT

The oxygen inhibition layer (OIL), a byproduct of polymerization in light-cured composites, can significantly
affect the surface characteristics and curing efficiency of restorations. This review explores the impact of the OIL
on dental composite restorations, focusing on its formation and properties, effects on bond strength, and strategies
employed to mitigate its negative impacts. By synthesizing these findings, we provide insights into optimizing
dental composite restorations for enhanced durability and improved clinical outcomes.
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INTRODUCTION

Dental composite resin (DCRs) have revolutionized
modern dental care by enabling minimally invasive
treatments and offering excellent esthetic results. These
composites consist of two main components: dental
resins and inorganic fillers. The resins, which are a blend
of monomers, are formulated to balance flowability
before curing and high strength after curing. However, a
notable challenge with DCRs is the oxygen inhibition
that affects the free-radical polymerization process
during curing.

This oxygen inhibition layer (OIL) occurs because
oxygen reacts with the free radicals, preventing full
polymerization at the surface. While deeper layers may
fully cure, the outermost layer can remain tacky and
under-polymerized. While this layer may be thin, it can
have significant implications for the properties of the
resin. In some cases, it provides a beneficial feature,
allowing chemical bonding between successive layers in
multi-step restorative procedures. However, when
unintentional or uncontrolled, the oxygen inhibition layer
formed can lead to reduced surface hardness, increased
wear, and higher susceptibility to staining or plaque
accumulation. Understanding and mitigating this oxygen
inhibition layer is crucial for improving the performance
of DCRs and ensuring the long-term success of dental
restorations.

FORMATION DYNAMICS OF THE OXYGEN
INHIBITION LAYER

The oxygen inhibition layer is formed when resin-based
materials are exposed to oxygen during curing. This thin
layer consists of monomer that remains uncured or only
partially cured due to the presence of oxygen, which
disrupts the normal polymerization process. Free radicals
that are generated during polymerization have a higher
affinity for oxygen molecules than for the methacrylate
carbon-carbon double bonds. As a result, the oxygen
reacts with the free radicals, forming peroxy radicals that
are less reactive, thus rendering them unavailable to
participate effectively in the polymerization process.
This retards or prevents full polymerization at the
surface, creating the oxygen-inhibition layer.™

VARIABLES AFFECTING OIL IN RESIN-BASED
COMPOSITES

The thickness of the oxygen-inhibition layer is influenced
by several factors. This includes the type of monomer
used, the initiator-activator system, the particle
morphology, the concentration of free radicals, and the
rate of oxygen consumption.

Resin viscosity

In a study by Finger et al., various ratios of BisGMA and
hydroxyethylmethacrylate (HEMA) were mixed to assess
their effect on oxygen inhibited layer formation. The
researchers found that a resin with 100% BisGMA
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developed an OIL thickness of 4 um, which increased
significantly to 14 um for the 40:60 mix. This indicates
that the thickness of the oxygen inhibition layer increases
with the HEMA content, a low-viscosity methacrylate
monomer. These findings are consistent with a study by
Gauthier et al., which also showed that the OIL grows as
resin viscosity decreases.™

A study by Essam S. Shawkat et al. concluded that a
reduction in composite viscosity caused by higher diluent
monomer content in the matrix leads to an increase in the
thickness of the OIL."

Filler load

Gauthier et al (2005) found that when the filler load
exceeded 40%, the amount of oxygen inhibition in the
resin-based composites (RBCs) decreased. The authors
attributed this to the increased diffusivity of atmospheric
oxygen at the resin-filler interface, which was not
counterbalanced completely by the higher viscosity
resulting from the increased filler content.

There are several factors which complicates the pathway
of oxygen diffusion with the addition of filler materials to
adhesive resin.

Filler particles can

1. Act as Obstacles: They can obstruct the movement
of oxygen through the resin.

2. Adsorb Oxygen: They can capture and hold oxygen
on their surface.

3. Facilitate Diffusion: They can create pathways
along their surfaces that allow oxygen to diffuse
more easily.”!

IMPACT OF OIL ON COMPOSITE SHEAR BOND
STRENGTH

Truffier-Boutry et al. (2003) proposed that samples
without OIL (cured under mylar strip) were less likely to
show mechanical irregularities. In contrast, samples with
oxygen-inhibited layer had more surface irregularities,
which enhanced mechanical retention when a second
layer of resin-based composite (RBC) was applied.!®!
Additionally, Rueggeberg and Margeson (1990)
suggested that the unpolymerized inhibited surface layer
could intermix and integrate with the newly applied
RBC, forming a hybrid layer that increased mechanical
retention.[”!

Panchal et al. stated in their study that the presence of
oxygen inhibited layer improved the shear bond strength
(SBS) between two adjacent composite layers and resulted
in more durable adhesion. The absence of an oxygen
inhibited layer negatively impacted bond strength, leading
to adhesive interfacial failures.®!

Contradicting these findings, a study by Essam S.
Shawkat et al. compared the incremental shear bond
strength of composite resin cured in air and nitrogen
atmospheres. The researchers found no significant

differences in bond strength between the two conditions,
leading them to conclude that incremental bond strength
is not dependent on surface inhibition." This conclusion
was supported by the study conducted by Ghivari et al.”!

IMPACT OF OIL ON COMPOSITE REPAIR
STRENGTH

The hypothesis suggesting a positive correlation between
the presence of an oxygen-inhibition layer and composite
repair strength is based on the principle of molecular
interaction. According to this principle, interfacial
bonding between two contacting polymers can be
enhanced by the sticky, soft, and liquid-like consistency
of the oxygen-inhibition layer, which increased the
contact area between the polymers.'The oxygen-
inhibition layer facilitates the formation of an
"intermixed" or "interdiffused" zone between polymers,
leading to the creation of chemical bonds through
copolymerization.!? However, Eliades and Caputo
reported higher composite repair strength when bonding
to surfaces in the absence of oxygen-inhibition layer.
They attributed these results to the fact that the oxygen-
inhibition layer contained a reduced amount of
photoinitiator, ~ which  resulted in  suboptimal
polymerization within that layer."” Some studies
reported no significant differences in shear bond or
microtensile bond strengths, when composites were
repaired with or without OIL.™

IMPACT OF OIL OF UNIVERSAL ADHESIVES
ON ENAMEL BOND FATIGUE DURABILITY
According to a study by Ouchi et al., the enamel bonding
with an oxygen inhibition layer exhibited higher initial
shear bond and shear fatigue strengths than those without,
regardless of the adhesive type and etching mode.
Moreover, the water contact angles on the specimens with
oxygen inhibition layer were significantly lower than
those without, regardless of etching mode. Thus the

oxygen inhibition layer of universal adhesives
significantly increased the enamel bond fatigue
durability and greatly changed interfacial

characteristics.*

IMPACT OF OIL ON DEGREE OF CONVERSION
AND COLOR STABILITY

The degree of conversion (DC) of monomers was
determined by the percentage of carbon double bonds
consumed during the polymerization process. Oxygen
inhibited the polymerization, thus decreasing the DC.

Schroeder et al. reported that the color stability of
composite resins was not improved by applying a
hydrosoluble gel before the final polymerization,
suggesting that the dependence of color stability on
protection from OIL was not clearly established.!*?

Polishing the composite restoration, irrespective of the
presence of the oxygen-inhibition layer, resulted in a
comparable reduction in surface roughness and,
consequently, improvements in color stability.™?
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Although post-polymerization polishing improved color
stability, regardless of the presence of oxygen-inhibition
layer, it resulted in a lower degree of conversion when
compared to using an oxygen inhibitor agent.”! The
degree of conversion was directly linked to the surface
hardness. A lower DC% typically resulted in a less rigid
and softer surface.™

METHODS TO REDUCE OIL

Finishing and polishing

Post-polymerization polishing removed OIL to an extent,
thereby improving the color stability of composite
restorations, which would otherwise have been affected
by the soft, sticky layer of unpolymerized resin.[*%!

Oxygen exclusion -Mylar strips & glycerin

Barrier techniques, such as the application of glycerin or
Mylar strip, reduced the formation of OIL. The Mylar
strip prevents direct contact with air. Thus, the only
contribution of oxygen is from within the composite in the
formation of OIL, thereby minimizing its formation.
However, when glycerin is used, the minute amount of
oxygen in the glycerin, along with the oxygen already on
the composite surface, contribute to OIL formation. Hence,
this method creates more OIL formation when compared
to the Mylar strip method.!*®

Thermal Activation of Radicals

Activation of oxidized radicals occurs at 110-120°C.
Visible-light curing cannot reach this temperature and
hence cannot directly heat the sample. The observation
that polymers reaching 110°C showed no inhibition
suggested that post-curing with visible light could help
remove surface inhibition. This method -effectively
addressed the oxygen inhibition issues without altering
the resin’s chemical composition.[B]

Phosphine derivatives to overcome the OIL
Incorporating a copolymerizable phosphorine derivative
like triphenylphosphine (TPP) or 4- (diphenylphosphino)
styrene  (DPPS) into a camphorquinone/amine
photoinitiator system enhanced the polymerization
efficiency even in the presence of air, accelerated the
curing speed, and improved the storage stability. This
system also prevented the coloration issues in the final
polymer material. TPP raises toxicological concerns that
disqualify its use in dental materials where as DPPS is
safe for dental use due to it’s extremely low migration.
The high efficiency of this novel system meant that the
presence of oxygen did not significantly hinder the
photocuring process.™*!

FINAL THOUGHTS ON
INHIBITED LAYER (OIL):
RETENTION

Although, there was no conclusive evidence to justify the
need for removing or retaining the oxygen inhibited layer
(OIL) on surfaces that would be covered with additional
layers of material, considering all factors, removing the
OIL from intermediate layers was not necessary.

THE OXYGEN
REMOVAL VS.

However, It is beneficial to protect the surface layer from
OIL, as this can improve the degree of conversion.
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