Using Cavity Liners
with Direct Posterior
Composite Restorations

Abstract: Cavity liners have traditionally been used in direct and indirect
restorations for purposes such as promoting reparative dentin and neutral-
izing acids." Today, liners are used when resin composites are used as the
restorative materials on the posterior teeth, but for a different reason.
Clinically, liners are considered to decrease sensitivity and wet the cavity
better than restorative composites because of their flowability, adaptation
to the dentinal surface, and adhesion. As bonding systems and composite
materials continue to improve and become better understood, so do the
techniques for placing composites. This has led to the reassessment of the
clinical relevance and function of liners. Some clinicians don’t use cavity
liners, assuming they are a thing of the past; some use composite liners,
and others use resin-modified glass ionomer liners. Additionally, there is
not a clear agreement over the function of liners, such as when and why
they should be used or what type of liner material would provide the best
performance for a particular clinical situation. This article attempts to
clarify some of the confusion surrounding the use of liners by reviewing the
available literature on the subject and attempting to give evidence-based
rationale for the use and protocol for the clinician.

Purpose of Liners

Historically, liners have been used to protect the pulp. Although many
materials have been used to do this, calcium hydroxide continues to be the
liner of choice for direct and indirect pulp capping because of the belief that
it can stimulate the formation of reparative dentin.”*

However, calcium hydroxide has the drawback of being readily soluble
and having low compressive strength. Because of the poor mechanical prop-
erties of calcium hydroxide, its use is restricted to areas not critical to the
support of the restorations. Additionally, other pulp capping techniques are
being used, like cohesive hybridization.’

With the technological advances in dental materials, modern adhesive
dentistry is using liners for additional purposes. Although bonded composite
restorative filling materials have improved dramatically, they still have 1
major drawback: they contract or shrink during polymerization from about
2.0% to 3.5%. This creates 2 problems. The first problem is that the con-
traction forces can disrupt the union between the restoration, bonded layer,
and tooth (Figure 1), forming a gap that can be colonized by bacteria and
cause irritation to the pulp and possibly stimulate recurrent decay.” A liner
with strong adhesion characteristics, good mechanical integrity, and a lower
modulus of elasticity (more elastic) may be used to counteract this shrink-
age. This substrate can become a buffer and absorb some of the contraction
stress, diminishing the gap formation and microleakage®’ (Figure 2).

The second major consequence of polymerization shrinkage is the cusp
deflection, or deformation, especially in cavities with a high “C” factor,”"°
which is believed to be one of the causes of postoperative sensitivity, espe-
cially related to chewing." Because of their low modulus of elasticity and
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Learning Objectives:

After reading this article, the

reader should be able to:

e differentiate between the
purpose of old generation
cavity liners and contempo-
rary cavity liners.

e discuss why polymerization
shrinkage is the leading
problem with modern com-
posite restorations.

¢ explain why resin modified
glass ionomer liners can be
considered a “buffer” inter-
face to counteract polymer-
ization shrinkage.

e describe the “sandwich”
technique and its clinical
implications.
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Figure 1—As the composite shrinks, contraction disrupts the
union of the restoration, bonding layer, and tooth.

Figure 2—The resin-modified glass ionomer (RMGI) layer
becomes a buffer and absorbs some of the contraction stress.

Figure 3—The low modulus of elasticity of RMGls can counter-
balance cusp deformation.

dentin adhesion, liners can be used to counter-
balance the cusp deformation (Figure 3).

Liner Materials

In modern adhesive dentistry, using a cavi-
ty liner appropriately can minimize some of the
most troublesome problems with direct posteri-
or composites. This leads to the question: What
is the best material for this purpose? Although
there are several materials that can be used as
liners, only 2 types of materials—low viscosity
(flowable) composites and light-cured resin-
modified glass ionomers (RMGls)—will be dis-
cussed in this article. Both materials provide
predictable adhesion to tooth structure and
restorative materials, strength, flexibility, and
reliability.®’

With regard to adhesion, the liner must not
allow the polymerization contraction forces to
create a de-bonding, or gap, between itself and
the tooth or composite interface. Flowable
composites attairr their adhesion by a resin
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bonding agent, whereas RMGI liners are self-
adhesive and do not require an additional
bonding step. Table 1 shows that the combina-
tion of flowable composites and a bonding sys-
tem provides predictable adhesion, but high
polymerization shrinkage. RMGI has low
shrinkage, but it also has lower adhesion than
the flowable composites.

Another desirable characteristic of modern
liners is a low modulus of elasticity, which allows
these materials to act as a stress-absorbing buffer
for the polymerization contraction forces of a
restorative composite, decreasing the chances of
gap formation, cuspal deformation, postopera-
tive pain, and recurrent decay. RMGI materials
have a low modulus of elasticity (Table 1). They
also have a dual-setting reaction—a light-acti-
vated, methacrylate cross-linking reaction, and
a slower, delayed, acid-base reaction that gives
RMGIs an additional period of maximum flexi-
bility" to absorb stress from the adjacent shrink-
ing composite. As the RMGI matures, through
the acid-base reaction, it builds enough strength
to support the restoration. RMGlIs can also
compensate for their polymerization shrinkage
by their controlled hygroscopic expansion,”
which occurs after full polymerization in a
humid environment. Flowable composites’
modulus of elasticity is considerably higher than
RMGIs’ (Table 1), making them less effective at
counteracting the shrinkage of the restorative
materials. Also, the higher polymerization shrink-
age makes them less effective than RMGIs in
preventing cusp deformation.’

Flowable resin composites have a higher
adhesion to dentin (Table 1), but a bonding
system is required to achieve the adhesion. If
the liner is going to be placed under deep
dentin, the acid conditioning required for the
bonding system may cause sensitivity. RMGIs
are self-adhesive and do not require an addi-
tional conditioner or adhesive to achieve an
acceptable adhesion to dentin.

Two additional characteristics of RMGIs
are fluoride release and coefficient of thermal
expansion. Fluoride release is very valuable.'*'®
Released fluoride ions have been shown to be
incorporated into tooth structure,'*'” thus
strengthening it. It also has been shown that
lost fluoride ions can be recharged into the
RMGIs from external sources such as fluoride
gels, dentifrices, and fluoridated water, so that
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these “smart” materials act as fluoride reser-
voirs.” This may not be of any clinical value
unless the RMGI is exposed to the oral envi-
ronment as in the “open sandwich” technique.
The benefit of RMGIs in preventing secondary
demineralization also has been reported in a
number of studies.'”* Additionally, RMGI lin-
ers such as Vitrebond® or Fuji Liner LC,> have
been shown to provide considerable antimicro-
bial activity.!*

Second, RMGIs feature a coefficient of
thermal expansion that is similar to a natural
tooth. This means that RMGIs and teeth
expand and contract at a similar rate at varied
temperatures, decreasing the potential for
microleakage.'>"*?

Clinically, RMGIs and flowable composites
have shown superior performance when com-
pared with composite restorations without a
liner. The literature indicates good but incon-
sistent results with low-viscosity composite lin-
ers. For example, Unlu** showed better results
using a low viscosity composite liner under a
condensable composite, than when using no
liner. Swift” reported a decrease in microleak-
age using an intermediate low-viscosity resin,
and Turner® showed no difference in results
with or without a composite liner. Montes®
reported that a layer of low-viscosity resin liner
significantly improved the marginal quality
with a self-etch bonding system but had no
effect with a total-etch system.

On the other hand, the literature also
shows good, consistent results when using
light-cured RMGIs as a liner. Tolidis> demon-
strated reduced volumetric polymerization con-
traction under a variety of light-cured compos-
ites when a RMGI liner was used. Powell”’
compared the clinical performance of a com-
posite with and without an RMGI liner and

* 3M ESPE, St. Paul, MN 55144; (651) 736-6860
> GC America, Alsip, IL 60803; (800) 323-7063
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found 100% retention of the RMGI-lined
restorations (in this case Vitrebond), and 76%
retention for those not lined with a RMGI.
Alomari’ compared in vitro cusp deflection
between composite liners and Vitrebond
RMGI liners and found the restorations with
RMGI liners performed better than low-viscos-
ity resin liners. Aboushala’” compared in vitro
microleakage of composite restorations without
liners and with GI liners and concluded that
the application of light-cured GI liners up to
the cavosurface margin inhibited microleakage.
Miller® came to a similar conclusion. Based on
the provided information, the protocol for a
deep class I or class II composite resin restora-
tion may benefit by including the use of an

RMGQI liner.

Clinical Application

The use of RMGI under deep and high “C”
factor cavities on class I and class Il composite
restorations makes sense for several reasons.
Although some clinical studies have shown
that under ideal clinical conditions postopera-
tive sensitivity can be controlled with tech-
nique alone, under normal clinical conditions,
the author’s experience has shown that the use
of RMQI liners dramatically decreases sensitiv-
ity regardless of the bonding system used.”
Clinical use of RMGIs has several advantages.
It is less technique-sensitive than many bond-
ing systems, which decreases the chance of sen-
sitivity caused by incorrect bonding. It decreas-
es gap formation and cusp deformation caused
by polymerization shrinkage, and also, in this
era of conservative dentin removal, fluoride
release has an antimicrobial activity that rein-
forces dentin. By using RMGI and a layering
technique, the effects of composite shrinkage
can be decreased (Figure 4).

Experienced clinicians are familiar with
the advantages of using flowable composite to
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Figure 4—The RMGI liner coupled with layering technique helps
counteract polymerization shrinkage.

Figure 5—Using an RMGI liner will decrease the chances of
redecay in a compromised margin in cementum.

fill the first 1 mm of the proximal box. When
the margin of the restoration is on enamel,
flowable composite may be the most desirable
material because of its ease of use.”” When the
margin is on dentin or cementum, filling the
first 1 mm with a RMGI using the sandwich
technique (Figure 5) may dramatically decrease
the chances of microleakage and decay.”****
When the RMGI needs to be extended to the
cavosurface margin, a restorative grade RMGI
should be used because of its higher compres-
sive strength.

Conclusion

Although improvement has occurred in
the field of dental adhesives and composites,
problems with composite restorations still exist.
The most serious problem is polymerization
shrinkage, which causes gap formation and
cusp deflection. Both of these problems show
clinically as postoperative sensitivity and pain.
Based on the review of available articles, it
appears that the use of liners is still desirable
because liners may help overcome these prob-
lems. Both flowable resin composites and
RMGIs have a lower modulus of elasticity than
restorative composites, which may counteract
some of the polymerization shrinkage of the
restorative composites. Because of the low vis-
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cosity of RMGIs and flowable resin composites,
they can wet the tooth better than restorative
composites and decrease the chances of gaps.
RMGI liners appear to perform better than
flowable resin composites because of their phys-
ical properties.

Additionally, placing the self-adhesive
RMGI liner on the areas of deep dentin can
protect this sensitive dentin from the strong
conditioners needed for the subsequent bond-
ing procedure. From the clinician’s standpoint,
overcoming these problems translates into less
postoperative sensitivity.

Disclosure

Dr Sumita Mitra is corporate scientist in
the 3M ESPE Dental Products Laboratory and
is in charge of new materials/products research
and development.
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Calcium hydroxide has the

drawback of:

a. being readily soluble.

b. being insoluable.

c. having high compressive
strength.

d. shrinking during polymeriza-
tion.

Although bonded composite
restorative filling materials have
improved, they still have 1
major drawback: they shrink
during polymerization from
about:

a. 0.5% to 2.0%.

b. 1.0% to 2.5%.

c. 2.0% to 3.5%.

d. 4% to 5.5%.

What are the effects of polymer-
ization shrinkage?

a. gap formation

b. microleakage

c. cusp deformation

d. all of the above

Which liners are self-adhesive
and do not require an additional
bonding step?

a. calcium hydroxide

b. resin-modified glass ionomer
c. flowable composite

d. zinc oxide eugenol

5.

RMGI has shrinkage, but
it also has adhesion than
the flowable composites.

a. low, lower

b. high, higher

c. low, higher

d. high, lower

Flowable composites have a
_ modulus of elasticity, but
the polymerization
shrinkage makes them less
effective than RMGIs in pre-
venting cusp deflection.

a. low, lower

b. high, higher

c. high, lower

d. low, higher

RMGISs and teeth expand and

contract at a similar rate at var-

ied temperatures:

a. decreasing the potential for
microleakage.

b. increasing the potential for
microleakage.

c. increasing the potential for
restoration failure.

d. decreasing the potential for
improved marginal quality.

Please see tester form on page 362.

8.

10.

Based on the provided informa-
tion, the protocol for a deep
class I or class II composite
resin restoration may benefit by
including the use of a

liner.
calcium hydroxide
flowable composite resin
RMGI

zinc oxide eugenol

oo

When the margin of the restora-
tion is on , flowable
composite may be the most
desirable material because of
ease of use.

a. dentin

b. enamel

c. cementum
d. pulp

A restorative graded RMGI
should be used because of its
higher compressive strength,
when the RMGI needs to be
extended into the:

a. cavo margin.

b. alveolar margin.

c. enamel margin.

d. free gingival margin.
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