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Abstract

C-factor is an important clinical consideration regarding its effect on polymerization shrinkage. Throughout the
entire polymerization process, plastic deformation or flow of composite occurs along the unbounded surface that
might partially relieve the induced shrinkage stress. Such compensation through flow is affected by C-factor of the
restoration. This review article tries to throw some light over this topic.
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Introduction

Interest in the application of adhesive dentistry
concepts to endodontics to create improved apical
and coronal seal that have been stimulated by the
introduction of methacrylate resin-based sealers
and dentin adhesives for endodontic use.

Shrinkagestressesassociated with polymerization
of methacrylate-based resins are higher in low-
filled, lower viscosity resin cements, and root canal
sealers than highly filled resin composites. A major
problem associated with endodontic bonding is
the lack of relief of shrinkage stresses created in
deep, narrow canals. Stress relief by resin flow is
dependent upon cavity geometry and resin film
thickness.™

During polymerization, the unbonded surface
can move and flow, thereby relieving shrinkage
stresses. However, as the unbonded surface area
becomes small, as in a long narrow root canal,
there is insufficient stress relief by flow and a high
probability than one or more bonded areas will
pull off or debond. During the era when bonding

@@@@ This work is licensed under a Creative Commons
AT A tribution-NonCommercial-ShareAlike 4.0.

to root canals was in its infancy, Feilzer et al opined
that bonding to post spaces represents the worst
scenario in achieving leak-free interfaces.'?

Polymerization shrinkage and subsequent
stress of resin material was considered to be a
principal reason for the failure of restorations. The
magnitude of shrinkage value was found to be
mainly dependent upon the resin volume, so called
“volumetric shrinkage. When polymerization
shrinkage takes place under confinement, as in the
case of bonding to a cavity wall, contraction stress
will develop within the material. The quantitative
value of the confinement of the cavity could be
represented by the C-factor value, which is defined
as the ratio between bonded and unbonded surfaces
of the resin.

During polymerization, the unbonded surface
can move and flow, thereby relieving shrinkage
stresses. However, as the unbonded surface area
becomes small, as in a long narrow root canal,
there is insufficient stress relief by flow and a high
probability than one or more bonded areas will pull
off or debond.
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The vulnerability to debonding may be predicted
by assessing the geometric attributes of a cavity,
the generation of actual shrinkage stresses and how
these stresses are ultimately dissipated must rely
on other critical parameters such as the

-amount of volumetric shrinkage of the resin
sealer,

— elastic moduli of the intraradicular dentin,
— adhesive sealer,
— root filling material,

— contribution of air voids within the sealer in
stress relief

— therate of polymerization
— gelation time of the resin sealer,

In view of the high probability for imperfect
dentin bonding (i.e. debonding because of
polymerization contraction forces exceeding bond
strengths) in root canals and the high volumetric
shrinkage that is anticipated with low viscosity
resinous materials, a slow polymerizing resin sealer
would improve the chance for the relief of shrinkage
stress via resin flow, because of prolonged gelation
time. Indeed, the manufacturer of the Resilon sealer
has taken this issue into consideration by creating
a sealer that auto-polymerizes in 45 min at room
temperature.

However, the manufacturer’s instructions to
create an immediate coronal seal via light-curing
of the resin sealer would cancel out the benefits
derived from a sealer that is designed for very slow
auto-curing dynamics.

According to Tay et al 2005 the thicker sealers
can partially compensate for high theoretical
C-factors by increasing the unbonded surface area
and permitting some stress release by resin flow. At
clinically relevant sealer thickness the percentage
increase in C factor overwhelms the percentage
decrease in stress factor (volume of shrinkage
is reduced, volumetric shrinkage is reduced).
Thicker sealers can partially compensate for high
theoretical C-factors by increasing the unbonded
surface area and permitting some stress release
by resin flow. For instance, at a sealer thickness
of 2um in a 20-mm long root canal, the theoretical
C-factor of 954 could be reduced some because of
the linear decrease in S-factor. Despite the potential
reduction in C-factors with a low sealer thickness, it
could be seen from the sealer thickness that indirect
bonding in long narrow root canals still resulted
in exceedingly high C-factors when compared to
indirect intracoronal restorations with similar resin
film thickness.

The increases in C-factors associated with
increasing file size are modest when compared with
the changes that are associated with reducing the
sealer widths. C-factors decrease with increasing
file size when a root canal is filled with an adhesive
sealer without the use of a bondable root filling
material.

C - Factor for root canal was 46 for sealer
thickness of 500 pm

C- Factor for root canal was 23,461 for sealer
thickness of 1 pm

C- Factor for root canal was 32 for canal with
only sealer.®

As resin tags also adapt to the inner wall of
tubules and create bonded areas peripherally when
a dentin adhesive is allowed to autocure before
the application of a resin sealer, the availability of
dentinal tubules for stress relief is conjectural.

Whereas vulnerability to debonding may be
predicted by assessing the geometric attributes of
a cavity, the generation of actual shrinkage stresses
and how these stresses are ultimately dissipated
must rely on other critical parameters such as the
amount of volumetric shrinkage of the resin sealer,
the elastic modulus of the intraradicular dentin,
adhesive, sealer, and root filling material, the
contribution of air voids within the sealer in stress
relief, the rate of polymerization and gelation time
of the resin sealer , and the expansion/contraction
involved during thermal plasticization of the root
filling material.”

Post-Space

The cavity configuration factor (C-factor), which
represents the confinement area of the cavity,
increases enormously after a fibre post is inserted.
The bonded surfaces include both the root canal
dentine and the fibre post surface. It has been
reported that the C-factor in endodontic post-luted
cavities may exceed 200, whereas the C-factor of an
intracoronal restoration is in the range of only 1-5.
The restriction of free surfaces in such a deep and
narrow canal would have a detrimental effect on
the adhesion of the fibre post to root canal dentin.
The difference in the bonding performance of the
adhesives in intra-coronal cavities and those in
post-spaces may be accounted for by the difference
of the configuration factor (C-factor).

The unstable bonding performance of adhesive
materials in the post-space may be attributed to the
high C-factor.

The C-factor typically varies from 1 to 5 in
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intracoronal restorations, it is estimated to exceed
200 in a postspace.

The slower setting materials reduce stress at
the bonding interface by allowing the flow of the
materials to relieve polymerization stress.’

The complex configuration of the adhesive
interfaces is another factor which compromises
stable adhesion in the post restoration.

An adhesion with an fibre post comprises three
layers with two bonding interfaces, which are
dentin/adhesives and adhesives/post interfaces.
The bond strengths of modern dentin adhesive
systems to root canal dentin in a post-space were
more than 50 MPa, while those to a fiber post
treated with a silane coupling agent were 20— 30
MPa.

Such unevenness of the bonding strengths at the
two interfaces can result in contraction gaps at the
interfaces, with inferior bonding strength.

However, the stress accumulation due to
polymerization shrinkage at the weaker interface
is not easy to predict because of the complicated
configurations of the post — core adhesion involving
two interfaces with three layers surrounding the
post.

Using adhesive materials which have similar
bond strength to the root canal dentin and to the
FRP may offer a possible solution to reduce the
contraction gaps.'?

Limitation of Light Penetration into Postspaces

An incompatibility between the uncured acidic
monomer and the chemically activated resin at the
apical portion might occur 32, resulting in inferior
bond strength values. In contrast, there were no
regional differences in bond strength values of
fibre post-inserted canals. Light passing through a
translucent post might be able to activate the thin
resin layer surrounding the post surface, enabling
the resin to cure promptly along the post

Several studies on the bonding performance of
fibre post and root canal dentin using light-cured
and dual-cured adhesives reported that bond
strengths were affected by the vertical location in
the post-space

Stresses produced by polymerization shrinkage
also complicate the firmness of bonding when
luting the fibre to its post-space with adhesive
materials.

The inferior performances of the bonding in
apical areas when using light-cured adhesives
demonstrated that achieving high bond strength

throughout an entire root canal is difficult.

Imperfect curing of the adhesives at the apical
portions may be the cause of the inferior bond
strengths.

The difficulties in getting the light fully to
penetrate the deepest apical portions were
proved by evaluating the depth of light-initiated
polymerization of glass fiber reinforced composite
materials into the root canals.

The limitation in the distance of light penetration
resulted in a low degree of conversion of
polymerizable dimethacrylate resin monomers.

When the distance from the light source to the
irradiation surface was increased, the degree of
conversion of resin monomers decreased.

The hardness of the composites also fell by 25%
when the distance from the irradiation surface to
the irradiation unit was increased from 4 to 8 mm.

To overcome this disadvantage of insufficient
light penetration in anarrow post-space, prolonging
the photo-irradiation time for light-cured dentin
bonding systems was found to be effective to
improve the bonding strength to root canal dentin.

Other options, such as using a LED fiber or a
transparent light-guiding attachment, which can
be inserted into the deepest parts of the apical
portions, could be considered in clinical use.

Using chemically cured adhesive materials,
where the progress of curing is relatively slow and
the slower process of polymerization shrinkage
produces less stress, may have an advantage in
root canal adhesion, where extremely high stress is
generated in the post-space.

Chemical curing is also advantageous in
promoting even distribution of the stress caused by
the polymerization shrinkage and inducing even
bonding strength in the entire post-space.

However, the reported bond strengths of
chemically cured adhesives with the fibre to the
root canal dentin do not seem to be superior to
those with light-cured materials. This may be
because the basic bonding strength of chemically
cured adhesives is not strong enough to cope with
the high stress generated in the post-space. Dual-
cured adhesive materials have been recommended
for use in bonding in root canals, in the expectation
that they will show the advantageous characteristics
of the light-cured materials at the cervical area
of a post-space and those of chemically cured
materials at the apical area. However, actual
bonding performances in a post-space seem not
to be improved when compared to those with
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light-cured adhesives. Inferior adhesions at the
apical area were still observed even when using
dual-cured adhesives. As mentioned above, this
may be because the bonding of chemically cured
ingredients is not strong enough to counteract the
high stress at the apical area.

Another problematic consideration is the thick
smear layer during the post preparation. Goracci
et al. reported that a total-etch resin cement
showed greater bonding potential than a self-etch
or a self-adhesive resin cement when luting the
FRP to radicular dentin. It may be because acidic
monomers responsible for substrate conditioning
in the self-etch and self-adhesive resin cement
were less effective in etching through the thick
smear layer. This might have accounted for the
significantly lower retentive strength of the FRP to
the radicular dentin. Clinicians should control the
thick smear layer using etching agent such as EDTA
with appropriate duration time and concentration.

Surface treatmment of fiber posts

Various approaches from both mechanical and
chemical viewpoints have been made to improve
the bonding between FRP and resinous adhesive
materials. Several studies have reported thata silane
coupling agent has positive effects in enhancing
the bond strength of resin composite to FRP.
Aksornmuang et al. showed that such enhancing
effects were much clearer in quartz fiber posts than
in silica— zirconium glass fiber posts. Monticelli et
al reported that a combination of a silane coupling
agent with two-step self-etch adhesives were
highly efficient. However, Perdigao et al claimed
that the silane coupling agent did not increase the
bond strength of dentin adhesives to the FRP. This
inconsistency in the findings of the reports may be
explained by the differences in the composition of
the post and the luting materials used, the mode
of the testing, and the configurations of the post-
spaces. Sandblasting has been suggested as an
effective mechanical approach to enhance the bond
strength of dentin adhesives to fibre post. However,
we need to consider whether the mechanical
properties of fibre post are compromised by the
sandblasting. Fibre post has exhibited a significant
decrease in mechanical strength after thermal
cycling. This has been attributed to degradation
of the fibers or the matrix and to the difference in
thermal expansion coefficients between the two
Another study examined the clinically feasible
protocol for creating micromechanical retention
on the surface of the FRP, using H,O, etching to
remove the surface layer of epoxy resin. Interfacial

retention strengths were enhanced through the use
of a combination of H,0, etching and silanization.
After this treatment, flowable composites can
completely infiltrate the interdiffusion zone.

Thicker sealers can partially compensate for high
theoretical C-factors by increasing the unbonded
surface area and permitting some stress release by
resin flow

In view of the high probability for imperfect
dentin bonding (i.e. debonding because of
polymerization contraction forces exceeding bond
strengths) in root canals and the high volumetric
shrinkage that is anticipated with low viscosity
resinous materials, a slow polymerizing resin sealer
would improve the chance for the relief of shrinkage
stress via resin flow, because of prolonged gelation
time. Indeed, the manufacturer of the Resilon sealer
has taken this issue into consideration by creating
a sealer that auto-polymerizes in 45 min at room
temperature.’>"

For warm vertical compaction techniques, the
rate of chemical polymerization of the sealer may
also be accelerated by heat application of up to
150°C.

Conclusion

C-factor plays an important role in cavity and
now also in root canal due to introduction of resin
sealers in market. This ireview tried to throw some
light on how C factor affects the shrinkage in canal
also. So the better understanding is required for C
factor, for this more studies are required to be done
in root canals.
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