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CEMENTATION

Contemporary Dental Cements
to Meet the Challenges of
Today’s Restorative Dentistry

ABSTRACT: The search for an all-purpose luting system for
final cementation that fulfills the properties necessary for definitive
placement of cast metal, porcelain-metal, resin, and all-ceramic full-
coverage restorations has been limited by the physical properties of
the cements that have been available. Currently the clinician has
many choices for cementation. Despite the challenges of the current
restorative materials used for laboratory fabricated restorations, the
newest cements satisfy many of the required demands.

INTRODUCTION

Within any general and restorative dental practice, the clinician is

faced with making choices about which cement to use for definitive,

final cementation. Cementation or luting is a critical phase in the

placement of laboratory fabricated restorations. In the past (and

still), the term “permanent” cement has been the catch phrase for

describing the use of cement for final, definitive placement of indi-

rect laboratory fabricated restorations. The future trend when

describing cementation in restorative dentistry should focus on the

placement-cementation so that the restoration cannot be retrieved,

hence the description of “definitive cementation.”! In the past, a

practitioner had a limited number of choices for which cement they

could use. Presently there are many choices of cements that satisfy

the requirements of the ceramics, metals, and posts currently used in

restorative dentistry. Similarly, among laboratory fabricated restora-

tions are a variety of options to consider when treatment planning,

such as fixed or removable partial dentures or implants, full-cover-

age crowns, partial coverage inlays and onlays, cast post and cores,

and prefabricated posts when restoring endodontically treated teeth.
Indirect treatment procedures are generally very involved and

require more than one appointment. Throughout the procedures

for restorations that will be

fabricated by a laboratory, the

practitioner spends significant

time attending to tooth prepa-

ration or implant placement,

impressioning and soft tissue

management, provisional rest-

orations, selection of tooth

shade for esthetic restorations,

try-in and adjustment of the

restoration, and cementation. In

some cases, restorative planning

might involve a diagnostic wax-up to preview and develop the case. If
one were to create a pie chart to analyze the time spent for each phase,
cementation would account for less than 5% of the time required to
complete the case. In fact, cost-wise for most restorations—including
multi-unit restorations for numerous teeth (eg, large porcelain
veneer cases or long-span fixed partial dentures)—the practitioner
may use a cementation system that costs less than $20 or, in the case
of the old standby in dentistry, zinc phosphate cement, less than $1.

Clinicians should not discount the requirements for cementing
restorations. Incorrect cement selection, as well as poor technique
during placement of the restoration, can lead to premature failure
of these costly restorations (ie, cost to the practitioner in labo-
ratory fees; cost to the patient for the restoration). This article
provides an overview of the requirements for cement selection
when placing restorations based on the challenges presented by
current restorative materials.

FACTORS AFFECTING CEMENTATION SUCCESS
While the type of cement is important, other factors affect clinical
success. When using cements, it is important that there be excellent
marginal integrity following cementation to compensate for any
marginal discrepancies between the restorative material and tooth
preparation.?”> Also, the retention of the crown is not only affected
by the type of cement used, but also by the taper of the tooth prepa-
ration.® The retentive values of an adhesive resin cement for a 24°
taper were 20% higher than the retentive values of zinc phosphate
cement and a conventional glass ionomer cement. The resin luting
agents yielded retention values that were double those of zinc phos-
phate and conventional glass ionomer cements. The type of bur or
diamond rotary instrument used for preparing for crowns can also
affect the retention of a crown

placed with different cements.”

One significant issue after

cementation is the presence

of postoperative sensitivity.

Conventional glass ionomer

cements have been implicated

in higher rates of postoperative

sensitivity than other cements.®

Some authors have reported

that when following a manu-

facturer’s recommendations,
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there is little association between zinc phos-
phate cement or glass ionomer cement.”!!
Recommendations have been made to
avoid dessication of the dentin surface
before cementation.!? Other studies have

TABLE 1:
RESTORATIVE APPLICATIONS FOR CONTEMPORARY

CEMENTS

. . Type of Cement
described the use of desensitizing agents ype of
and dentin sealers as part of the cementa- .
. 13-17 Conventional
tion process, but there has been con-
Glass Ionomer

cern that certain desensitizing techniques
can have a negative impact on the adhe-
sion of different cements. However, the
use of a 5% glutaraldehyde sealer'>!¢ or a
resin sealer!41%17 was not detrimental to
resin or glass ionomer cements. Oxalate
desensitizers, on the other hand, are incom-
patible with glass ionomer luting agents.!®

Resin-Modified
Glass-Ionomer

FACTORS TO BE CONSIDERED
WHEN SELECTING A CEMENT
Is there a single cement that can be used
for all indirect applications? Development
of a true all-purpose cement has involved
quantifying specific physical properties
and handling characteristics.!®->! The
ideal characteristics of an all-purpose
cement include:
* low viscosity for easy seating
* easy to mix
+ extended working time
* short setting time
+ film thickness compatible with
complete seating of a restoration
+ insolubility in the mouth
* high shear strength
* high tensile strength
* high compressive strength
* bondable to tooth and restoration
+ biocompatible with pulp and soft tissue
(ie, no postoperative sensitivity)
* translucent
+ radiopaque
+ easy post-cementation clean-up
Researchers have evaluated the proper-
ties of the various dental cements available
in order to identify that elusive “ideal”

Total-Etch
Composite Resin

Composite Resin

Self-Etch, Self-Adhesive

CEMENTATION

Applications

« All-metal crowns, fixed partial dentures
Porcelain-fused-to-metal crowns, fixed partial dentures
Zirconia substructure (core) all-ceramic

Metal posts

Cast metal inlay/onlay

Implant-supported crowns, fixed partial dentures

All-metal crowns and fixed partial dentures
Porcelain-fused-to-metal crowns and fixed partial dentures
Zirconia substructure (core) all-ceramic

Metal posts

Cast metal inlay/onlay

Implant-supported crowns, fixed partial dentures

All-metal crowns and fixed partial dentures
Porcelain-fused-to-metal crowns and fixed partial dentures
Zirconia substructure (core) all-ceramic

Metal posts

Cast metal inlay/onlay

Implant-supported crowns, fixed partial dentures
Fiber posts

Porcelain veneers (light-cure only)

All-ceramic inlay/onlay/crown

Composite inlay/onlay/crown

Maryland bridge

« All-metal crowns and fixed partial dentures
Porcelain-fused-to-metal crowns and fixed partial dentures
Zirconia substructure (core) all-ceramic

Metal posts

Cast metal inlay/onlay

Implant-supported crowns, fixed partial dentures
Fiber posts

Porcelain veneers (light-cure only)

All-ceramic inlay/onlay/crown

Composite inlay/onlay/crown

* Maryland bridge

cement. Currently, within the variety of
cements available, a universal cement does not yet exist, although
manufacturers have been getting closer to providing the practition-
er with an all-purpose cementation system.

CLASSIFICATION OF DENTAL CEMENTS

For definitive cementation, dental cements are classified according
to their chemistry (Tables 1 and 2).!° Water-based cements usually
undergo an acid-base setting reaction. In some cases, a slight amount
of resin is added to improve workability. Among cements in this
class are zinc phosphate, zinc polycarboxylate, and glass- and resin-
modified (resin-reinforced) glass ionomer cements. The fastest
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growing category of definitive cements is resin-based cements, which
have a chemistry based on current composite resins and bonding
adhesives.?? Resin-based cements include composite resin cements
that are self-adhesive, those that require an additional bonding
adhesive before the cement is placed, and compomer cements.
Each category of cements presents challenges for the practitioner
in terms of manipulation in order to achieve clinical success.
Within each class, these cements have physical properties that allow
for a consistency suitable for cementation, as well as a film thickness
that allows complete seating of a restoration during placement. It
should be noted that there is variability in the handling characteristics
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TABLE 2:

PARTIAL LISTING OF CONTEMPORARY CEMENTS

Conventional Glass Ionomer

Ketac™-Cem Maxicap™ 3M ESPE

Fuji I® Capsule GC America, Inc
Aqua Meron VOCO America
Meron AC VOCO America

riva luting SDI Limited
GlassLute™ Pulpdent Corporation
CX-Plus Shofu Incorporated
Resin-Modified Glass Ionomer

RelyX™ Luting Plus 3M ESPE

RelyX™ Luting 3M ESPE

Fuji PLUS GC America, Inc
FujiCEM™ GC America, Inc
Total-Etch Resin Cement

Infinity® Syringeable Den-Mat

Resilute Resin Cement™ Pulpdent Corporation
RelyX™ ARC 3M ESPE

RelyX™ Veneer (light cure) 3M ESPE
Cé&»B-MetaBond® Parkell, Inc

Calibra®

COMSPAN™

Twinlook®

Nexus® 2™

NX3 Nexus® Third Generation
Cement-It® Universal Cé»B™

DENTSPLY International
DENTSPLY International
Heraeus Kulzer, Inc

Kerr Corporation

Kerr Corporation

Pentron Clinical

Total-Etch Resin Cement (continued)

Lute-It®

Choice™ 2 (light cure)
Choice™

C&B™ Cement

DuoLink™

Illusion™

Ultra-Bond® Plus

Clearfil Esthetic® and DC Bond
Panavia™ F 2.0

Variolink® IT

Variolink® Veneer (light cure)
Dual® Cement

ParaCem®

Duo Cement Plus

PermaFlo® DC Base

Pentron Clinical
Technologies, LLC

Bisco, Inc

Bisco, Inc

Bisco, Inc

Bisco, Inc

Bisco, Inc

Den-Mat

Kuraray America, Inc

Kuraray America, Inc

Ivoclar Vivadent, Inc

Ivoclar Vivadent, Inc

Ivoclar Vivadent, Inc

Coltene/Whaledent, Inc

Coltene/Whaledent, Inc

Ultradent Products, Inc

Self-Etch, Self-Adhesive Resin Cement
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Technologies, LLC

MultiLink® Ivoclar Vivadent, Inc
RelyX™ Unicem 3M ESPE
MonoCem™ Shofu Incorporated
Maxcem™ Kerr Corporation
Embrace™ WetBond™ Pulpdent Corporation
Breeze™ Pentron Clinical
Technologies, LLC
BisCem™ Bisco, Inc
G-Cem™ GC America, Inc

of each class of cement, and differences exist among cements
within the same class. In almost all cases, the clinician should not
assume that cements within the same class are mixed and manip-
ulated in the same manner. It is critical that dentists and their
chairside assistant read the instructions related to material dis-
pensing and mixing before cementing the restoration.»1%23
Although zinc phosphate cement and zinc polycarboxylate
cement are still popular cements, the trends have demonstrated that
conventional glass ionomer cement, resin-modified glass ionomer
cement, and composite resin cements are the primary cements being
used in restorative dentistry. A recent survey of usage of definitive
fixed prosthodontic cements found that conventional glass ionomer
cement was used 24% of the time, resin-modified glass ionomer
cement 46% of the time, composite resin cements 8% of the time,
zinc phosphate cement 10% of the time, and zinc polycarboxylate
cement 12% of the time.?* However, before dismissing zinc phos-
phate cement from use in your practice, consider the primary bene-
fit and indication for this family of cements, which is its ability to
extend the working time by being mixed on a cooled glass slab; this
dissipates the heat of the exothermic reaction. This extended work-
ing time allows the cement to be used for long-span fixed partial
dentures (ie, five units or longer), whereas other cements set too
rapidly to allow for cementation of such long-span prostheses.

Glass ionomer cement
Glass ionomer cements are classified as either conventional glass
ionomer cements, which are water-based and without any resin,
and resin-modified glass ionomer cements that have approximate-
ly 10% resin added to the formula to improve their physical prop-
erties. Both types of glass ionomer cements are adhesive to enamel
and dentin via ionic bonding of the glass ionomer to the calcium
and phosphate ions of the tooth. It usually takes 24 hours for the
final adhesive values to be attained. In addition to being self-adhe-
sive through chemical bonding to tooth structure, glass ionomers
have the additional benefit of leaching fluoride to the adjacent
tooth structure, which provides some protection against recurrent
caries. Both types of glass ionomer cement have low solubility.
Conventional glass ionomer is provided as a powder and liquid that
can be either hand-dispensed for mixing on a mixing pad with a
cement spatula or used in a preloaded capsule that is mixed in a
mechanical mixer (eg, amalgamator, triturator) and has a dispensing
tip; the cement is syringed using an applicator gun onto the restoration
and preparation. Applicator guns are usually manufacturer specific.
When using a conventional glass ionomer cement, the excess
cement at the margins should be protected from moisture and
drying using a coating agent or an unfilled bonding resin. It is
advisable not to clear away excess cement until it is fully set.
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Resin-modified glass iono-
mer cement (also referred to as
resin-reinforced and hybrid
ionomer) is supplied as either a
powder-liquid, paste-paste, or
a unit dose mixing capsule with
a dispensing tip. It is easier to
mix than conventional powder-
liquid glass ionomers and has
improved physical properties d
while retaining the characteris-

tics of self-adhesion and fluo- -V Spot Magn t Wb ———— 100ym

Interface a

. E 11.7
ride release. Some of the

resin-modified glass ionomer
cements provide a dentin con-
ditioner to improve adhesive
bonding. Also, excess resin-
modified glass ionomer cement may be removed when it reaches the
gel stage or after complete setting. Resin-modified glass ionomer
cements are less vulnerable to early moisture.

The primary clinical indication for use of either type of glass
ionomer cement is cementation of all-metal and porcelain-metal
restorations, alumina or zirconia core all-ceramic restorations,
implant-supported crowns and fixed partial dentures, and metal
posts. It is the authors’ cement of choice for placing all-metal and
porcelain-metal restorations. Because it is important that the tooth
not be overdried when using this class of dental cement, this author
usually wets the dentin using a microapplicator so that it appears
slightly glossy, with no water pooling on the surface. Also, when glass
ionomer cements were first introduced, there was concern about
postoperative sensitivity after cementation,’ as previously noted.
However, studies have demonstrated that this is not a problem.3-10

Composite resin cements

Within this growing class of resin-based luting agents are adhesive
composite resin cements that require a separate adhesive applica-
tion, and self-adhesive composite resin cements that do not. For
easier understanding, these categories will be described separately.
In most cases, the indications for cements in this class are the
same, while ease of application is different. Adhesive resin cements
typically use a total-etch bonding adhesive; self-adhesive resin
cements eliminate the need for the initial phosphoric acid-etching
of the tooth structure. Also, there are a variety of initiators that are
used to promote the resin polymerization. Composite resin cements
are supplied as powder-liquid and paste-paste hand-mixing, double-
barreled syringe with automixing tips, and unit dose dispensing
and mixing systems.

All cements in this category are relatively insoluble and, com-
pared to other dental cements, have the highest mechanical physi-
cal properties (eg, high compressive strength, high flexural
strength, good fracture toughness, low coefficient of thermal
expansion and contraction, highest stiffness of any dental
cement).!>1823 These cements are based upon the chemistry of
direct placement restorative composite resins and are wear- and
abrasion-resistant.

Composite resin cements demonstrate greater tooth-like
translucency and, in some cases, are available in tooth shades or in
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FIGURE 1 Microscopic image of the porcelain/composite resin
cement/dentin hybrid adhesive interface.
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several shades to best match
the adjacent tooth structure.
Also, adhesion of this class
of cement to not only tooth
structure but also to etched
porcelain (Figure 1) and sand-
blasted metal has been demon-
strated.?42” When used with
etched ceramic restorations,
resin cements make the restora-
tion more resistant to frac-
ture.?® In terms of handling,
composite resin cements
demonstrate easy flow, spread
easily over the surface being
cemented, are not tacky, are
polishable, and have a chamel-
eon effect with the surrounding tooth structure.

Total-etch adhesive resin cements

The resin cements in this category require separate tooth etching
with phosphoric acid and the application of a separate resin bond-
ing agent. When bonding to dentin, these cements use the adhesive
as the bonding interface with the composite cement (Figure 2). The
cements can be classified as self-cure (auto polymerizing), dual-cure
(light- and self-cure), and light-cure cements. The differences in the
polymerization mechanism are based upon the type of chemical ini-
tiator. Self-cure composite resin cements use a peroxide-amine ini-
tiator-accelerator; dual-cure composite resin cements use a
combination of amine and photo-initiator; light-cure resin cements
use a photo-initiator only. These composite resin cements can be
used for cementation of all types of indirect restorations, but due to
potential problems with color stability, it is recommended that
translucent all-ceramic restorations such as crowns and veneers be
placed with light-cure composite cements?*-3! (Figure 3). When
using light-cured composite cements with all-ceramic veneers or
crowns, the light-curing time should be increased when polymeriz-
ing through porcelain thicknesses of 0.5 mm to 2.0 mm."’

FIGURE 2 Microscopic image of the interface between the cement®
and dentin adhesive.

@ RelyX™ ARC, 3M ESPE, St.Paul, MN
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FIGURE 3 Cross-sectional view of a bonded porcelain veneer
(D= dentin; E= enamel; A=adhesive; C= light-cure composite cement;
F = porcelain veneer.)

There has been concern that self-cure and dual-cure composites
are chemically incompatible with light-cure adhesives.3>-3
Currently, changes in the chemistry of different systems and the
addition of activators to 5™ generation adhesives appear to solve
this problem. At the current time there is no blanket statement that
can be made about self-cure and dual-cure resin cements and
total-etch and self-etch adhesives. The results are product specific;
practitioners should read each bonding agent’s instructions for
clinical recommendations. When using a dual-cure resin cement,
the light-curing capability offers the additional benefit of ease of
clean-up. The excess resin cement is removed from the margin
areas, after which the restoration can be light-cured to seal off any
potential contaminants. In all cases, with any total-etch adhesive
resin cement, care must be taken to inspect and remove excess
resin cement. Unlike more traditional cements for which the excess
can be easily removed with a scaler or curet, in some cases a rotary
diamond or finishing bur is necessary to remove set resin cement.

Self-adhesive resin cements

When seeking the “Holy Grail” of dental cements, the self-adhe-
sive resin cements are approaching the requirements of a true all-
purpose cement. Although these authors would not advise their use

FIGURE 4 View showing the application of
seating force with the patient biting on a saliva
ejector during the cementation of a fixed partial

denture using a glass ionomer cement."

FIGURE 5 A reciprocating handpiece$ with a
wooden insert and PDS/M]J2 tip was used to fully
seat the crown being cemented with resin cement’

using active mechanical force.

with translucent ceramic restorations (eg, pressed ceramic crowns
or porcelain veneers)—where a color change in the cement could
affect the color of the restoration—they can be used for all other
applications. Many of the cements in this category are available in
dual-tube automixing configurations or, in some cases,> are in
preloaded capsules that are mixed in a high-speed mixer (eg, tritu-
rator). These cements are especially useful for cementation of fiber
posts. Oned provides a special tip for delivering the cement into the
root canal. Special tubesd can be loaded with any brand and type of
cement to allow a needle-tip delivery into any root canal for
cementing any post system. This type of needle delivery has been
shown to be more effective at filling the root canal than a lentulo
spiral.*® Even though these cements are self-adhesive using the
mechanisms of the self-etch class of adhesives,>“¢ some cementsf
require a separate primer on the tooth surface before using the
cement.?>3%40 Before using a self-adhesive cement, clinicians
should be familiar with the required protocol.

CLINICAL TECHNIQUE RECOMMENDATIONS
FOR RESIN CEMENTS

Resin cements have well-researched physical properties.>#!"43 They
bond well to abraded base metal.>” ** Research has shown that
resin-based cements and resin-modified glass ionomer cements are
thixotropic (ie, as viscous liquids, there is a shear-thinning of the
fluid phase of the cement that requires a finite amount of time to
reach an equilibrium). The different physical characteristics and
properties of these cements influence the seating of crowns during
cementation.*-4” Using force allows the cement to flow when plac-
ing the restoration completely on the tooth preparation. In fact,
sustained seating pressure during luting procedures, up to three
minutes, increases bond strength and improves marginal integrity
of the interfacial margins.*® Clinical techniques have been
described to improve seating, include having the patient bite down
on a saliva ejector®® (Figure 4) or using a vibrating mechanical
device such as a reciprocating hand-piece® with a wooden seating
stick®® (Figure 5). The hydraulic forces needed to completely seat a
crown, inlay, and onlay using a resin-based cement or resin-modi-
fied glass ionomer require some form of mechanical advantage.

CONCLUSION

With the increase in the number of material options used for indi-
rect restorations, choosing which cement to use for what type of
restoration has become more difficult
and confusing for the clinician. Although
no one cement fulfills all the needs for all
cementation situations, understanding
the differences between each class of den-
tal cement will contribute to the clinical
success of the restoration.

b G-Cem™, GC America, Inc., Alsip, IL

€ RelyX™ Unicem, 3M ESPE, St. Paul, MN

d Accudose Needle Tubes ™ Centrix, Shelton, CT
€ BisCem™, Bisco, Inc., Schaumberg, IL
fMultiLink®, Ivoclar Vivadent, Amherst, NY

8 Profin, Dentatus USA, New York, NY

hGe FujiCEM™, GC America, Inc., Alsip, IL

i Infinity®, Den-Mat, Santa Maria, CA
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