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The inevitable generation of stress in dental composites that undergo polymerization shrinkage
continues to mandate a precise and careful placement technique to ensure successful clinical

outcomes.

SUMMARY

The setting of dental
composites is accompa-
nied by significant poly-
merization contraction,
resulting in the genera-
tion of stresses within
the material and at the
tooth-restoration inter-
face. These stresses can
have a deleterious effect
on marginal integrity if
they exceed the adhesive
strength of the restora-
tive, as well as on the
properties of the composite. It has been deter-
mined that several factors affect these stresses,
including the polymerization rate of the compos-
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ite, its formulation, including filler and monomer
composition and the constraints imposed by the
geometry of the cavity preparation. Many strate-
gies have been developed to reduce the effect of
these stresses. Changes in the formulation of the
composite have included experimentation with a
variety of stress relieving additives, modified cat-
alyst compositions and alternative monomer sys-
tems. Modifications to the placement techniques
have included the use of incremental curing,
altered light activation schemes and resilient lin-
ers. This manuscript will review many of the
important scientific and clinical issues relating
to the generation and quantitation of the stress-
es produced in dental composites during curing.

WHAT IS THE CLINICAL RELEVANCE OF
POLYMERIZATION CONTRACTION STRESS?

There is no proven association between the polymeriza-
tion contraction behavior of dental composite restora-
tions and their clinical outcomes. But it is true that the
primary reason for replacement of dental composites is
the diagnosis of secondary caries, and this has not
changed in the past 20 years.**? It is also true that the
polymerization of these polymer-based materials is
accompanied by a volumetric reduction, which may
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vary from as little as 1.5% to as
much as 6% for the most com-
mon commercial materials,
depending upon their specific
formulation.®* The concern cre-
ated by this curing shrinkage
has made the development of
new composite formulations a
high priority by dental manu-
facturers and recently has
resulted in materials with volu-
metric shrinkage approaching
1%.* The internal stress gener-
ated within the composite dur-
ing polymerization is consid-
ered more important than the
actual dimensional change
within the cavity preparation,
because this stress may linger
and/or be readily transferred to
any bonded surface. It is the
resultant effects of this stress,
such as tooth-composite inter-
facial debonding, cuspal deflec-
tion and enamel cracking, that
is implicated in the primary
reason for failure of these
restorations. Whether or not a
cause and effect relationship

Composite
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exists, this potential has dictat-
ed a fairly precise and careful
placement technique by the
practitioner in order to optimize clinical outcomes.*

Thus, concern over the polymerization contraction of
dental composite restorations has made placement of
these materials a stressful situation for many practi-
tioners and the object of inquiry for many clinical and
basic science investigators. Using the keywords “dental
composite polymerization stress” in an on-line search
(www.pubmed.gov) returned nearly 350 articles from
the past 30 years. Several comprehensive review arti-
cles have been written on the topic.”** While this arti-
cle will draw from this extensive body of literature, it
will rely heavily on research conducted at Oregon
Health & Science University over the past decade to
focus on the origins of the internal stresses produced in
dental composites during curing, the methods used to
measure contraction stress, the physical outcomes
resulting from it and the methods attempted to mini-
mize its magnitude and consequences (Figure 1).

WHAT IS THE ORIGIN OF THE INTERNAL STRESS
GENERATED IN DENTAL COMPOSITE
DURING CURING?

Dental composites are composed of a reinforcing inor-
ganic phase dispersed throughout a relatively rigid,

Figure 1. Mindmap showing the organization of the manuscript.

minimally-yielding polymer formed during the curing
reaction. Coupling of the two phases typically is medi-
ated by a silane molecule condensed onto the inorganic
particles that is capable of covalent bonding to both
resin and filler components. The generation of hoop
stresses at this interface as the polymer shrinks during
curing or cooling has been cited as a contributor to
internal stress within the cured composite.

The polymer of most commercial dental composites is
formed from dimethacrylate molecules whose polymer-
ization reaction produces a densely cross-linked, but
very heterogeneous polymer network.?* Volumetric
contraction is produced by the inherent density gain
occurring when molecules previously existing at van
der Waal'’s force distances become linked through short-
er covalent bonds. The reduction in free volume within
the monomer structure as it transforms to a more
densely packed polymer contributes to the overall con-
traction. The extent of this shrinkage is dependent on
the volume fraction of the non-shrinking filler,* the size
of the monomers, that is, the concentration of function-
al methacrylates per monomer® and the extent of the
polymerization reaction.*#
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The transformation of the monomer paste to a poly-
mer is accompanied by significant physical changes
that affect the final structure of the composite. As
polymerization begins, monomers become reactive by
virtue of colliding with free radical initiators that
transfer energy.®* These free radical monomers then
collide with other monomers, forming covalent bonds
between carbon atoms, and they add together like
beads on a string to form polymer chains. As the
chains grow, they lengthen and interact with one
another, causing a significant increase in viscosity
within the paste.® Simultaneously, the polymer gains
rigidity as the lengthening chains become entangled
with one another and bridges of covalently bonded
molecules link chains together to form a cross-linked
network. The result is a loss of freedom of motion for
individual chains as they become trapped within a
rapidly stiffening structure, as indicated by the near-
ly instantaneous increase in stiffness or elastic mod-
ulus.®#® It is at this point that the composite becomes
a predominantly elastic solid, and any additional
change in dimension due to polymerization contrac-
tion generates stress according to Hooke's law, where
stress is equal to the elastic modulus multiplied by the
strain. Thus, increases in shrinkage, combined with an
increasing elastic modulus, produce increased stress
within the composite structure. Investigators have ver-
ified, through modeling and experimentation, that the
maximum stress rate occurs early in the polymeriza-
tion reaction in association with this rapid gain in rigid-
ity_34-35

There are additional internal constraints within the
curing composite that will add to the magnitude of
internal stress. The bond between the filler and forma-
tion of the polymer network constrains molecular
motion, producing stress. The difference in thermal
expansion coefficient between the filler and polymer
matrix causes stress at the interface during cooling
from the elevated temperature produced by the reac-
tion exotherm and heat from the curing light.®
Attempts have been made to quantitate the internal
stress condition of the dental composite using a ring
slitting approach that is popular in other industries.
This method has shown a strong correlation, with con-
traction stress measured during the polymerization
process.*¥

Thus, for a composite material that undergoes poly-
merization contraction, particularly at the rates associ-
ated with current dental applications, it is inevitable
that residual stresses will exist within the material. It
is also inevitable that some of this stress will be trans-
ferred to the surrounding bonded interfaces. The mag-
nitude of these predominantly contraction generated
stresses becomes the next concern. As mentioned, the
composite becomes a rigid material during curing and
is therefore frequently modeled as a purely elastic solid.
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Figure 2. Graph showing contraction stress for four different dental composites
cured under similar conditions and constraints in three different testing devices.
Higher stresses were recorded in the less compliant, uniaxial MTS system that
contained a feedback mechanism to hold the composite thickness constant,
than in the more compliant, uniaxial C/C and cantilever Bioman devices that did
not rigidly fix the composite thickness.

Based on the assumption of an elastic solid, one can
attempt to predict contraction stress for the composite
by multiplying its elastic modulus by its shrinkage
strain. This calculation predicts a stress ranging from
100-300 MPa for typical commercial dental compos-
ites.*®** This stress value is startling and suggests that
the forces of contraction surely will lead to interfacial
debonding or cohesive fracture of the tooth, composite
or both. It therefore becomes critical to be able to meas-
ure these contraction stresses.

HOW ARE THE CONTRACTION STRESSES
MEASURED?

Contraction stresses in polymerizing dental composites
have been measured in various ways over the past 40
years. The most typical method, and the first one
employed, measures the generation of force with a
transducer (load cell or strain gauge) attached to the
polymerizing composite or to a surface to which it is
bonded.”*¢ Several variations on this basic approach
have been used, with perhaps the greatest difference
being related to the level of compliance included in the
system, purposely or not. Compliance is defined as the
change in dimension per unit of force applied or gener-
ated, and thus is essentially the inverse of stiffness.
Perhaps it is most instructive to associate this parame-
ter with “yielding,” as the measuring device and fix-
tures undergo some amount of deformation that
relieves or reduces the forces being created directly by
the contracting composite. Any device will be subject to
this effect, and the magnitude will be summative over
the deformation of the load measuring system, the fix-
tures, the device frame, the bonded interface, and ulti-
mately, the composite itself. The same can be said for
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the clinical situation, where tooth deformation also pro-
vides a compliance component during placement of a
dental composite restoration. It is relatively obvious
that an MOD preparation provides a more compliant
structure than does a Class | preparation where the
cavity is surrounded by tooth structure with intact mar-
ginal ridges.

While it is difficult to control the compliance in all
measuring systems, it should at least be quantified.
Unfortunately, this parameter often has been over-
looked in stress measurement studies. Changes in the
compliance within a given test set-up, by altering load-
ing fixtures or geometry, for example, can have pro-
found effects on the measured stresses.”** Invariably,
these studies show measured values of stress as
reduced when compliance is increased by changing
some parameter within a given testing system.
Experiments performed with the same composites, con-
straint conditions and light curing protocols in the lab
at the Oregon Health & Science University have shown
differences in measured stresses that depend on the
measurement device, and this is explained, in large
part, by the different levels of compliance within each
system (Figure 2).%

The most obvious difference between stress-measur-
ing methods is in the use of a feedback system that com-
pensates for movement of the testing fixture in
response to the contracting composite. When a feedback
signal is used to maintain the dimension of the test
specimen, that is, inhibit the contraction, the compli-
ance is reduced and the device acts as a “non-yielding,”
rigid body. Under these conditions, the stress levels are
higher than when the system is allowed to deform with
the contracting composite. Similarly, the use of more
compliant fixtures for supporting the composite, such
as acrylic vs glass vs steel, will cause more “yielding”
within the system and a lower stress measurement or
calculation.®** In addition, the volume of material used
in the test and constraint applied to the curing compos-
ite (Configuration factor = bonded surface area/free sur-
face area) will affect the magnitude of the measured
stress.* Therefore, there is an inherent difficulty in
comparing stress values, even for the same composite,
when obtained from different test devices or with dif-
ferent test configurations within the same device.

The transducer devices, sometimes referred to as “ten-
silometers,” where the load is produced in a simple ten-
sile or pulling direction, are typically connected to a
computer instead of a simple analog recording device.
This allows for force data to be sampled at a relatively
high frequency in order to capture the rapid forces gen-
erated, as the composite almost instantaneously trans-
forms from a paste to a mostly rigid body. Thus, the
kinetics of the setting reaction can be indirectly
assessed as well with this method (Figure 3).

Operative Dentistry

Other methods that have been used to measure con-
traction stresses in composites include photoelasticity,**”
strain gauges attached directly to the composite® or to
a substrate upon which the composite is attached®®
and finite element analysis.****®? Each of these methods
is capable of distinguishing the factors that affect stress
magnitude, such as curing rate, but each must be con-
sidered independently, based on the properties of the
components of the test device or the assumptions used
to create the numerical model. Thus, all of the testing
methods discussed are most effective when they are
used to determine differences between conditions or
materials in systematic experiments, as opposed to pre-
dicting absolute magnitudes of the stresses generated
for a given composite or curing condition.

While there are significant and explainable differ-
ences among the test methods, contraction stresses for
typical dental composites reported in the studies cited
above have ranged from less than one to more than 15
MPa. In light of the discussed limitations of the test
methods, these values still represent a mere fraction of
the value predicted for a linear elastic solid undergoing
strain of 2% to 5%, which is typical for current dental
composites during curing. Choi and others®* suggested
that the measured stress generation in composites
placed with adhesives of varying thicknesses could be
predicted with a numerical model employing a scaling
factor equal to 5%, that is, the measured stresses were
5% of the predicted stresses. Therefore, other factors
must be contributing to significantly reduce the con-
traction stresses generated in polymerizing dental com-
posites.

WHY ARE THE MEASURED STRESSES SO MUCH
LESS THAN THE PREDICTED?

If the polymerization of dental composite occurs with
the composite in a totally unconstrained condition, the
internal stresses will be minimized, as even the rapidly
stiffening composite has some ability to “flow” away
from any free, unconstrained surface. The remaining
internal stresses will be due to thermal expansion dif-
ferences between the filler and matrix and any inter-
nally constrained polymerization effects. However, any
surface that is impeded from yielding will contribute to
the overall stress state, unless the constraint is inter-
rupted. Such is the case when localized debonding
occurs within a dental composite restoration. In any
case, the greater the external constraint applied to the
material during polymerization, for example, by bond-
ing to the walls and floor of the tooth preparation, the
greater will be the generation of stress.* Conversely,
the more “flow” allowed, the less the resultant stress.®
However, the association between constraint and stress
generation has proven to be somewhat complex, mak-
ing it more difficult to make general statements about
their effects.”® In part, this is explained by compliance
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of the testing system or the geometry of the
tooth preparation. In fact, investigators have
suggested that the testing device compliance
be adjusted to mimic that of the actual tooth,
to maximize the relevance of the test condi-
tions.”

Another factor that contributes to the dif-
ference between the predicted and measured
stress is the fact that the elastic modulus of
the composite is changing throughout the
curing reaction. Thus, each increment of
strain contributes to the next increment of
stress to a greater extent than the preceding
increment, due to the accompanying stiffness
increase. Even if the curing material behaved
as a truly elastic solid, one would need to inte-
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grate the product of elastic modulus and
strain over time to provide a realistic predic-
tion of the overall stress. Therefore, one must
be able to account for the dynamic nature of
the polymerization reaction and the accompa-
nying physical changes in the composite, in order to
predict the stress state at any given time.®*®% Thus,
while the generated stresses may have deleterious
effects, as will be discussed next, the overall result may
be less than originally anticipated. This would agree
with historical data showing the reasonably good suc-
cess achieved with the clinical placement of dental com-
posites.

WHAT PHYSICAL OUTCOMES ARE
ASSOCIATED WITH CONTRACTION STRESSES
IN DENTAL COMPOSITE RESTORATIONS?

Tooth deflection, tooth fracture, interfacial debonding,
internal debonding, deformation of the contracting
composite and deformation of the bonding components
or liners have all been cited or investigated as stress-
relieving mechanisms that cause measured stresses to
be significantly less than those predicted using linear
elastic models. Fractures within enamel near margins
have been directly related to the curing contraction of
dental composites.® These fractures are typically
associated with the “white lines” commonly seen
around composite cavosurface margins after finishing and
prior to the tooth being rehydrated. Leakage and gap
formation have been investigated by numerous investi-
gators,®*™ and a correlation between leakage and contrac-
tion stress has been verified in several studies.®* "
Numerous studies also have shown reduced bond
strength of composite to dentin or enamel when placed
in cavities with greater constraint, that is, higher C-fac-
tor.»*%7¢ The physical properties, such as elastic mod-
ulus and strength, also have been shown to be reduced
for composites cured in cavities with greater external
constraint,”’ though another study did not show this
difference.” While these results may be directly attrib-

Figure 3. Graph of contraction stress vs time for a light-cured dental composite tested in
a uniaxial testing machine. The plot may provide an indirect assessment of curing rate.

utable to the generation of contraction stresses in den-
tal composite restorations, and they provide a rationale
for closely following a structured placement technique
to minimize their effects, no direct clinical evidence cur-
rently exists to support a cause and effect relationship
between contraction stress and clinical failure or
longevity for these materials.

WHAT METHODS ARE AVAILABLE, OR
HAVE BEEN PROPOSED, TO REDUCE STRESS
AND ITS EFFECTS?

The formulation of a dental composite affects the mag-
nitude of the stress generated. Studies have shown a
correlation between filler content and stress for a vari-
ety of commercial products, and this has been
explained by the direct relationship between filler vol-
ume fraction and elastic modulus.”™ This relationship is
interesting, because one may have assumed that, as the
filler content was increased, the stress would be
reduced, because there was less monomer available to
undergo polymerization shrinkage. But this serves to
emphasize the complexity of the problem, as each fac-
tor contributes to the final outcome. The strong rela-
tionship between filler content and stress would sug-
gest that the elastic modulus is more dominant in
determining the stress than shrinkage, and this con-
cept has been supported by Feng and Suh.** However,
others have suggested that the curing rate may be most
influential in determining stress. In this study, where a
direct correlation between elastic modulus and contrac-
tion stress was shown, a self-curing composite, having
similar filler content than other light cured composites,
generated significantly lower stress, presumably due to
its slower curing reaction.” This reduced stress for com-
parable self-cure composites was introduced many
years ago” and has been verified by others. The issue of

1202 JoquianoN gz uo 1senb Aq Jpd-zIa-20/£52908 /L vZ/E/EE/iPd-loie/Aisnuap-aanelado/woo ssaidusl|e uelpuaw//:dny woly papeojumoq



252

curing rate may also be related to the acquisition of
stiffness and the corresponding reduction in molecular
motion allowable for stress relaxation,® and thus, the
rate of cure and elastic modulus are inextricably linked.

The type of monomer and its structure also will affect
stress generation. Use of larger monomers will reduce
the total number of molecules needing to be converted
in order to produce the hardened polymer, thus reduc-
ing shrinkage.® Conversely, monomers with enhanced
molecular mobility during curing may allow the reac-
tion to proceed to a greater extent, leading to the gen-
eration of higher stresses.® The inclusion of alternative
types of monomers, such as those involved in ring open-
ing polymerization reactions, may also lead to reduced
curing shrinkage and stress.**#% The volume expansion
produced by the opening of a ring can partially offset
the curing contraction produced by the simultaneous
formation of a covalent bond and a reduction in space
between adjacent molecules. A new dental composite
has recently been commercialized, based on this con-
cept.

Another idea proposed to reduce composite contrac-
tion stress was to incorporate specific stress relieving
additives into the composites. The addition of surface
treated, semi-deformable, high density polyethylene
beads reduced stress generation in composites, but it
also reduced mechanical properties.® Again, it is likely
that stress reduction was due to the reduced elastic
modulus of the material. The addition of non-bonded
spherical silica nanoparticles (fillers containing no
silane coating or a non-functional silane coupling agent
devoid of polymerizable groups) to both “microfill” and
“hybrid” composites have been shown to significantly
reduce stress.®® The basic concept behind this
approach was to reduce internal stress production by
providing minimally-adherent particles with a high
surface area of reduced-constraint for the polymerizing
monomers. The mechanical properties of these materi-
als were not negatively affected, but wear was slightly
reduced.

Attempts have been made to slow the curing reaction
by altering the concentration of polymerization promot-
ing molecules or by increasing the concentration of
inhibitor added to provide adequate shelf-life.” An
order of magnitude increase in the quantity of inhibitor
molecules was capable of significantly reducing curing
stress without reducing the overall degree of conver-
sion. The effect of this increase in inhibitor on mechan-
ical properties was not evaluated. Another approach
has been to incorporate different photosensitizer mole-
cules or a combination of photosensitizers of different
reactivity to slow the curing rate. One study showed
that polymerization rate could be reduced without neg-
atively affecting degree of conversion when camphoro-
quinone, the most typical photosensitizer used in den-
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tal composites, and phenyl propanedione, were used in
combination.®

In a similar vein, reducing the initial irradiance of
light during the curing reaction can significantly slow
the curing rate and the rate of stress buildup in com-
posites.”®# The rationale behind this approach is to
prolong the initial polymerization period, where the
material has not acquired sufficient rigidity to inhibit
potential stress relieving molecular motions. This criti-
cal time has been referred to as the “gel point,” or more
appropriately, the “gel range,” because it is associated
with the extent of curing reaction where the polymer
has become sufficiently cross-linked to form an insolu-
ble gel. Some investigators consider the reaction rate,
even with relatively low irradiance, to be too rapid for
this method to be used effectively, because gelation of
the polymer occurs after only a small change in overall
conversion.”®® While these investigators have shown
reduced curing stress with “pulse-delay” techniques
(see below), through simultaneous measurement of
degree of conversion, they verified that reduced poly-
merization was the explanation for the reduced stress.
They further suggested that previous studies that
reported reduced curing stress for composites cured by
the “pulse-delay” method were due to reduced conver-
sion, which, though measured to be the same, was not
obtained from the same specimens used in the contrac-
tion stress test.® However, other investigators have pro-
vided evidence that reaction rates can be slowed suffi-
ciently to reduce contraction stress by altering light cur-
ing irradiance, while maintaining adequate total curing
energy and achieving a high degree of conversion.* It is
perhaps not surprising that many studies fail to show
reduced stress with ramped, exponential or stepped
curing methods.” It is likely that the initial irradiance
was relatively high, and the rate of cure was still very
rapid, surpassing the ability of the polymer to relax the
stress buildup through molecular motions.

WHAT CAN THE CLINICIAN DO TO
MINIMIZE THE EFFECT OF
CONTRACTION STRESSES IN COMPOSITES?

The use of incremental placement, resilient liners and
altered light application methods to reduce curing
speed have all been suggested as ways the clinician can
practically reduce the effects of curing contraction
stresses when placing dental composites. Although
these methods have not been clinically proven, there is
sound logic to support them.

By placing displacement probes or strain gauges on
natural teeth, investigators have quantitated cuspal
deflections in teeth as a consequence of polymerization
shrinkage of bonded dental composite.®*> The direction
of this shrinkage has long been of interest.
Investigators have shown evidence for composite mate-
rial shrinking in the direction of constrained surfaces
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The use of flexible or deformable lin-
ers as stress absorbers has been pro-
moted and evaluated by numerous
investigators. Choi and others® showed
that unfilled resin adhesive applied in
thick layers under composites could sig-
nificantly reduce stresses, with the
greatest reductions occurring by adding
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Glass ionomers have also been pro-
posed as stress reducing liners under
composites, whereby stress relief is
facilitated by the deformation or inter-
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nal failure of the weaker ionomer mate-
rial, thus preserving both the bond to
the tooth and the composite.”” The
author has shown significantly reduced
shrinkage stress in a commercial com-
posite when it was applied over a layer

Figure 4. Graph showing the higher contraction stress produced for a dental composite when direct-
ly bonded to a dentin surface vs with an intermediate layer of two different resin-modified glass
ionomer liner materials. Note also the higher stress measured when bonding the composite to the

less compliant glass substrate.

during polymerization.®** In other words, the compos-
ite will shrink away from free surfaces and towards any
surface to which it is bonded. This outcome implies that
the composite will not shrink towards the light source,
as has often been conjectured, unless, of course, the
light is being shined through a surface to which the
composite is bonded. There is one laboratory study that
showed evidence for composite curing towards the light
under certain conditions when cured within a disk-
shaped mold.** However, the complex constraint situa-
tion produced by an area of composite flash on the mold
makes it difficult to extrapolate these results to the sit-
uation produced with a three-dimensional, fully-bond-
ed cavity.

Therefore, if composite shrinkage occurs primarily
away from free surfaces, then maximizing the free sur-
face is likely to enhance stress relief by allowing more
flow. This, in addition to assuring adequate depth of
light penetration, is one of the rationales behind the
incremental placement technique. Though the actual
placement method may vary from horizontal incre-
ments, to vertical increments, to oblique increments,
the rationale is the same in that the level of constraint
may be reduced with the greater amount of free surface
available. There is currently no laboratory or clinical
data to provide a definitive answer to the question of
what is the most appropriate placement technique.
However, based on the current state of the evidence, a
technique that uses a large number of small, thin incre-
ments, such as the successive cusp buildup technique,*
may be expected to produce the least amount of con-
traction stress.

of set resin-modified glass ionomer, as
opposed to being applied directly onto a
dentin surface (presented at the 2006
IADR meeting as a Late Breaking
News abstract, Figure 4). Note also in
Figure 4 the reduced stress for the com-
posite when it was bonded to dentin as opposed to a
glass substrate, again emphasizing the importance of
the compliance of the substrate in the magnitude of the
measured stress.

Similar efforts to reduce stresses using flowable com-
posites as liners have provided different levels of suc-
cess, depending upon the characteristics of the particu-
lar flowable composite. Some flowable composites have
been shown to have high polymerization shrinkage val-
ues as a result of their low filler content, resulting in
high contraction stresses.® However, these composites
may provide stress relief if they have a low stiffness.
Evaluations of contraction stress vs elastic modulus
verified the effectiveness of certain flowable composites
with low elastic modulus to reduce stress, presumably
by deforming to absorb some of the composite shrink-
age strain.*** Others have shown reduced gap forma-
tion in cavities when liners with more rubbery charac-
teristics were placed under composites.’® It is likely
that stress absorbing liners produce a significant reduc-
tion in polymerization contraction stress for dental
composites in cavity preparations, but the clinical evi-
dence proving enhanced success using this method has
not been presented.

Considerable effort has been expended to modify the
method of light application to reduce contraction stress-
es in dental composites. These methods have varied
from ramping irradiance from a low to a high level over
a period of approximately 10 seconds, to slow the initial
reaction (so called “ramped cure”), to the “step cure”
method, where a low but constant irradiance is used for
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10 seconds, followed by a full cure at a much higher
irradiance to produce full conversion, to providing a
short dose of low irradiance (3-5 seconds at 100-250
mW/cm?) followed by a waiting period of several min-
utes before completing curing at high irradiance (so-
called “pulse delay”). Some of these methods have been
shown to reduce contraction rate, stress or cusp deflec-
tion in cavity preparations when measured in the labo-
ratory, but to different extents.®*2% |t is likely that the
difference in outcomes is related to the initial irradi-
ance level or ramp-up speed, as well as the delay time
when using the “pulse delay” mode, since these will dic-
tate the initial curing rate and may limit any chance for
molecular relaxation to reduce stress.*'® It is also like-
ly that the time needed to produce curing with suffi-
cient molecular flow may not be clinically practical by
most standards. One study clinically evaluated the
effect of a typical, continuous curing protocol vs a soft-
start method for Class V composite restorations and
saw no difference between the two.** Thus, no specific
recommendation can be made for a specific technique,
despite the fact that the rationale for slowing the poly-
merization reaction appears to have merit.

SUMMARY

In summary, stresses arise in dental composites during
curing, predominantly from polymerization shrinkage.
The magnitude of the stress is mediated by the stiffness
of the composite, its stress relieving (or “flow”) capacity,
its curing rate and the constraint applied by bonding to
the cavity preparation. These stresses are most often
modeled with finite element analysis and photoelastici-
ty and are directly measured with strain gauges or force
transducers. In any case, the measured magnitude of
stress is dependent upon the assumptions made in the
models and the extent of compliance in, and the config-
uration of, the testing set-up. Verified effects of these
stresses include tooth flexure, tooth cracking, interfa-
cial leakage, interfacial debonding and a reduction in
mechanical properties of the composite material. The
formulation of the composite can be modified to reduce
stress, for example, by using larger monomers with
fewer functional groups, reducing filler content, incor-
porating stress absorbing additives, purposely adding
non-bonded filler particles or porosity and slowing the
kinetics of the curing reaction by altering the concen-
tration of the polymerization promoters or inhibitors.
Studies have shown that stresses can be reduced by
incremental curing techniques, reduced curing intensi-
ties and energies, and altering the mode of curing light
application to slow the curing rate. Though no direct
clinical evidence exists to support the claim that stress-
es produced during the polymerization of dental com-
posite restorations lead to failure, the fact that the diag-
nosis of secondary caries is the primary reason for
replacement of dental composites provides sufficient

Operative Dentistry

concern that a demanding, cautious technique for plac-
ing these materials remains warranted.
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