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CHANGES IN TRANSLUCENCY OF RESIN COMPOSITES AFTER STORAGE IN SALIVARY ESTERASE
Stephen C. Bayne, MS, PhD*

The authors have tackled an interesting research issue, that of long-term degradation of dental composites caused by
salivary esterase interactions. There are two key points to emphasize in considering this issue: (1) What are all possible
events that may be involved with resin composite changes over time? (2) What is the relative importance of the salivary

esterase contribution to those changes?

As with any restorative material, there are quite a few possible intraoral events that can occur along the restoration
surfaces. It is convenient to categorize these events in terms of physical, mechanical, chemical, and biologic ones,! with
salivary esterase effects being considered chemical events. Imagine the restorative surface as schematically portrayed in
Figure 1. Although interactions may occur throughout the “bulk restorative material,” most likely the external surfaces
will be more affected. These surfaces (or interfaces) involve the passage of materials from the outside to the inside and
from the inside to the outside. Under most circumstances, surfaces are not clean. They are coated with saliva, other
intraoral fluids, absorbed materials (such as stains), and acquired coatings (such as biofilms).
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Physical Events:

+ Adsorption (stain, saliva, food debris, tobacco by-products) resin

+ Absorption (water, ions, small molecules from food) degradation
Mechanical Events: l:llen; dati

« Smear layers (from initial placement) . gegradation

* Wear (food bolus) and abrasion (tooth structure)

« Fatigue (crack formation and propagation) silane
Chemical Events (Matrix, Filler, Silane): degradation

+ pH, pO: effects

+ Ultraviolet light mitigated reactions

+ Bleaching, topical fluorides, fluoride varnishes
+ Esterase

Biological Events:
+ Biofilm mitigated events

: Bulk i RESTORATIVE Figure 1. Summary of many possible
] Effects ! DENTAL degradation forces and events on

E H COMPOSITE intraoral restorative materials such
et i as composites.

Physical events at the surface include the adsorption (onto the surface) of things such as food stains, absorption (into
the surface), food bolus contents, salivary constituents (including esterase), and gases. All of these are capable of alter-
ing the local chemical environment of the restorative material and leading to chemical instabilities. These will be
reconsidered shortly.

Mechanical events in the restorative material may arise during placement (and carving, burnishing, finishing, or polish-
ing) or during service. Quite often there is a debris layer associated with placement, but it is assumed that this is lost in
days or weeks. Very little is actually known about its thickness or effects. During mechanical loading, it is rare for loads
to exceed the elastic limit of restorative materials. Rather, mechanical changes occur by fatigue. Fatigue is the accumula-
tion of very small amounts of plastic deformation (that would otherwise be considered negligible) at loads well below
the elastic limit over many cycles of loading. Although there is no well-known value for the loading cycle rate, a rule of
thumb is about 1,000,000 loads per year. A key result of fatigue is that plastic deformation is typically displayed as the
development of crack systems in the substrate. These cracks, especially along surfaces, can have the effect of increasing
the effective surface and accelerating events. Interestingly, although suspected, no superficial crack systems have ever
been experimentally revealed in composites.

Chemical events in composites can occur in any of the component phases—resin matrix, filler particles, and silanation.
All three have come under more careful scrutiny in recent years. The resin matrix is assumed to be stable under moder-
ately acidic conditions but is perhaps unstable under strongly acidic and moderate to strong basic conditions. The resin
matrix can change in chemical composition owing to pH or the presence of other chemicals that could produce compet-
ing reactions. Exposure to ultraviolet and other radiation may induce chemical changes as well. Equally important are
the effects of other dental treatments such as bleaching, fluoride varnishes, and topical fluorides on the chemical stabil-
ity of the surface layers.

Obviously, there are quite a few possible reactions. Acrylic monomers tend to undergo depolymerization reactions,
side chain scission, and/or monomer decomposition. In previous dental experiments, the generation of surface damage
and/or formaldehyde by-products has been demonstrated.>~1° Despite a potential hazard from formaldehyde, the con-
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centrations are incredibly small and pale in comparison to otherwise huge, naturally occurring environmental exposures

to which human beings are routinely and unavoidably exposed. Therefore, this would not be considered a risk per se.

Reinforcing glass filler particles can be degraded as well, but the primary evidence of this seems to be coupled to
strongly basic conditions and not to normally mild acidic conditions that are more typical intraorally.'’'2 All compos-
ites are formulated in a way to ensure that there is intimate adaptation of the resin and filler phases. This is normally
accomplished by coating the filler particles with a silane coupling agent that increases the wetting of the two phases

and provides a means for chemical bridging from the matrix phase to filler particle surfaces.!3:14

Although a positive effect of silanation can be demonstrated, the actual structure of the silane coating may not be as
simple as imagined. Consider the following: A silane coupling agent is a di-functional molecule that includes a methoxy
group capable of reacting with partially hydrated silicon atoms along the filler surface.!® The other end of the particular
silane used in dentistry is acrylic and intended to copolymerize with the resin matrix during composite curing. Under
ideal circumstances, the silane should form a monomolecular film that includes highly oriented molecules with their
ends in position to allow these reactions. However, it is more likely that this is a complex multilayered film. Silanes are
capable of dimerizing, and this generates a di-functional acrylic moiety eliminating the opportunity for a silica surface
chemical reaction.'® These dimers most likely stay associated with the surface films and interfere with effective bridging.
The fact that the film is many molecules thick creates a potentially weaker layer than the resin matrix or silica filler.
Even if the silane layer is well formed, it is subject to uncoupling in the presence of strong bases.

Another interesting consideration is that the actual volume of silane phase is much greater than might be imagined
when examining high-filler composites with small particle sizes. Changing the average filler particle size by a factor of
10 increases the particle surface area by a factor of 10. In highly filled composites, the silane may represent 30 to 40%
of the entire organic component of the composite.

Biologic events in composites are associated with interactions with biologic materials such as biofilms.!”'? Until
recently, there had been a general disregard for the omnipresent effects of biofilms on biologic surfaces. Composites are
always covered with biofilms! It appears that composite surfaces are only transiently cleaned by food chewing or pro-
phylaxis but otherwise are always affected by some stage of biofilm formation. Currently there is a rapidly evolving,
more-sophisticated understanding of the complex architectures of biofilms in which local conditions of pH, pO, and
microcirculation may have dramatic influences on the actual diffusion gradients that truly exist along composite sur-
faces. These may affect diffusion of fluoride as well.

In light of this wide range of possible interactions, one must ask what might be the effect of any of these changes on
any of the properties of a restorative material such as a composite. The authors have chosen to examine the effects of
esterase-like materials on a single optical property, translucency. There is always some risk in choosing such a narrow
focus. Although convenient for a research experiment, it may not reveal the true story of the complex, real interaction.
As mentioned earlier, it is presumed that degradation reactions influence surfaces primarily at first. Bulk changes may
occur much later or not at all. In that case, it is better to choose metrics associated with surface changes and not bulk
changes. Consider this potential situation: If a 1.8 mm (1800 pum) thick sample disk was affected only to a depth of
45 pm on top and bottom surfaces, then only 5% ([2 x 45]/1800 = 0.05) of the entire material would be undergoing

a change. Therefore, measurement of a bulk property such as translucency would most likely not detect the change

unless the instrumentation was extremely precise.

Another challenge for experimentation is that many of the materials in the oral environment have a limited lifetime.
Therefore, although their effects will be accumulated on restorative materials over long periods of intraoral service, it
may be difficult to practically simulate them and/or accelerate the effects. It is quite complicated to ensure that concen-
tration, pH, pO2, and other local conditions are maintained during the storage of specimens in test solutions.
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Another often-overlooked feature of accelerated testing is that true cyclic challenges are replaced by high-strength
challenges. For example, instead of examining the effects of pH cycling from 6.8 to 4.5 a few times a day for years, the
specimen might be exposed to a pH of 4.5 continually for several days. This may not duplicate any true effects at all. Be
cautious in overinterpreting the value of laboratory tests in which presumed simulation has not been demonstrated. The
current authors argue that since surface hardness detected changes in concentrated solutions exposed for shorter times,
their design is a rational one. However, the previous test that they quoted was focused on surface testing and not bulk

testing, so the validity of this design may need to be reconsidered.

Finally, the authors have looked at only a single effect. It is rational to try to simplify the number of variables, but this
design may also conceal the true changes. Consider a further option: Could it be that esterase weakens a very thin layer
of resin composite and then food bolus wear removes that layer more easily? If this were true, then the real impact of
esterase would not be discovered without including wear in the experimental design.

All of these many potential problems point to the need for more controls in experiments of this kind. The authors have
posed an interesting issue and attempted to detect a single effect in a controlled way. However, as they also suggest,
much more research is needed to understand this interaction and others. It is fair to conclude that we are still far from
uncovering potential damage effects of esterase and other mediators on composite restorations. However, it is also fair
to suggest that the impact of these changes would not seem to represent any risk to patients based on historical evidence.
Restorations normally do not wear out.? The wear process is self-limiting. If 250 pm (0.25 mm) of a 3 mm wide by

6 mm long restoration were lost over 4 to 5 years, this would only represent 4.5 mm? of material (1 mm3/yr) and would

hardly be considered a health risk.
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