
Aesthetic dentistry continues to evolve through inno-
vations in bonding systems, restorative materials,

function-based treatments, and conservative preparation
designs. Such advances have increased the myriad of
opportunities available to discriminating patients and
have provided solutions to many of the aesthetic chal-
lenges faced by clinicians. Increased utilization of com-
posite materials for the restoration of the posterior dentition
has drawn attention to technological advances in the
field. While direct composite resins offer excellent opti-
cal and mechanical properties, the use of these systems
in posterior restorations should be limited to smaller
restorations,1-3 since polymerization shrinkage remains

a concern in larger cavity preparations.4-6 The difficulty
encountered by clinicians in achieving proper bond
strength may also result in a loss of adhesion at the tooth/
restoration interface,7 which increases the potential of micro-
leakage, postoperative sensitivity,8 and recurrent caries.

Indirect composite resin systems represent an aesthe-
tic alternative for larger posterior restorations (Figure 1).
These systems restore mechanical and biological function,
while achieving optimal aesthetic results with minimal
resin cement shrinkage and limited tooth reduction.
Laboratory-fabricated composite resins (belleGlass,
Kerr/Sybron, Orange, CA; Targis/Vectris, Ivoclar
Williams, Amherst, NY; Sculpture/FiberKore, Jeneric/
Pentron, Wallingford, CT; Cristobal, Dentsply/Ceramco,
Burlington, NJ), also known as ceramic optimized poly-
mers,9 maintain a higher density of inorganic ceramic
microfillers compared to the earlier systems.10 These
second-generation indirect systems have been noted to
provide the advantages of composite resins and porce-
lain without being confined by their inherent limitations.11

Materials classified as “microhybrids” include a
combination of inorganic particles (fillers) and an organic
polymer (matrix) in a 2:1 ratio. The filler is the primary
determinant of the clinical and physiochemical properties
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Figure 1. Case 1. Preoperative occlusal view of defective
amalgam restorations with recurrent decay.
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The continued evolution of adhesive technology and mate-

rials has increased the application of composite materials

for the direct and indirect restoration of posterior denti-

tion. While these innovations cannot address every restora-

tive challenge, such developments do allow clinicians

to use conservative preparation designs and varying sur-

face treatments in their efforts to achieve functional and

aesthetic results. This discussion details the comprehensive

clinical protocol required to use laboratory-fabricated resin

systems for inlay/onlay restorations.
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of composite resin. These submicron-particle fillers pro-
vide surface characteristics such as polishability and wear
resistance.12 Wear is influenced by the filler size, shape,
load, and matrix bonding.13-15 In fact, a significant reduc-
tion in wear resistance has been observed when the size
of the filler particle is decreased.13,16

More recent indirect composite formulations with
increased filler volume and decreased particle size
appear to exhibit improved wear resistance. A recent
study at the University of Alabama reported the wear
rate of such materials to be slightly more than one micron
per year, which is comparable to that of natural tooth
enamel.17 Newer formulations in filler size, shape, com-
position, and concentration have significantly enhanced
the mechanical characteristics of second-generation com-
posite resins by reducing polymerization shrinkage, while
increasing flexural and tensile strength, resistance to abra-
sion and fracture, and color stability.18,19

In addition, the various combinations of light, heat,
pressure, and vacuum — as well as the use of nitrogen
to enhance the degree of conversion through postcuring
— continue to improve the physical properties of second-
generation indirect resin systems. The curing process elimi-
nates residual monomers and ensures a uniform cure with
an optimum level of polymerization. The elimination of
oxygen with pressure, vacuum, or nitrogen also removes
the entrapped air pockets that contribute to the opacity
of the restorative material. Therefore, these restorative
materials exhibit optical properties with natural trans-
lucency, fluorescence, and opalescence.

Various methods of postcuring allow for secondary
curing of the composite by increasing the conversion of
the material from monomer to polymer.18 This heightened

degree of polymerization increases fracture toughness,
flexural and diametral tensile strength, wear resistance,
incisal edge strength,20 and color stability.21 Clinical ben-
efits achieved from the indirect resin systems include tooth
reinforcement, conservation of tooth structure, precise
marginal integrity, and wear resistance similar to enamel.
Indirect resin materials also provide wear compatibility
with opposing natural dentition, longevity for the proxi-
mal contacts, and proper morphology and aesthetics.22,23

Accepted clinical applications for these restorative
polymers include single-tooth restorations (eg, metal-free
crowns, veneers, inlays/onlays) and long-term provisional
restorations.19,23 Indirect resin systems can also be utilized
with metal-reinforced implant-supported prosthodontics
where the metal surface is prepared with macro-
mechanical retentive features, such as microbeads, that
are incorporated into the metal framework designed to
mechanically interlock with the veneering material.

While many articles have examined the plethora of
uses for indirect resin-reinforced systems, the following
clinical review focuses solely on inlay/onlay restorations

Figure 3. The onlay restorations were fabricated and
layered in the laboratory.

Figure 4. Occlusal view of the indirect restorations during
the laboratory sequence.

Figure 2. The indirect composite resin onlays represent
an aesthetic restorative solution.
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employing a heat-curing process in conjunction with nitro-
gen pressure. This discussion includes the proper prepa-
ration, design, adhesive, and finishing protocols required
to achieve an optimal functional and aesthetic result.

System Components
An understanding of a specific indirect composite resin
requires a discussion of the system’s two components:
the resin material and the curing mechanism. The
belleGlass HP material (Kerr/Sybron, Orange, CA), for
example, contains a combination of two different mate-
rials: an “artificial dentin” (base composite) and an “arti-
ficial enamel” (surface composite). The filler particles are
silanated for improved adhesion to the organic matrix.
The filler composition varies for the dentin and the enamel.
The artificial dentin utilizes bariumaluminosilicate glass
fillers of different sizes in the opacious dentin (86%/
72% wt/vol) and dentin (78.7%/56% wt/vol), which
provide durable mechanical properties with a low retrac-
tion coefficient. The artificial enamel incorporates borosil-
icate glass fillers (74%/63% wt/vol) of 0.4 µm to 0.6 µm

particle size that provide wear resistance and natural
optical properties by enhancing the translucency and
opalescence of the composite.11,18,24

The matrices for the dentin and enamel also differ.
The dentin matrix utilizes a regular BIS-GMA resin, while
the enamel matrix is a combination of aliphatic and ure-
thane dimethacrylate resins. The differing matrices deter-
mine the physical properties of the artificial dentin and
enamel, mimicking the natural tooth layers and provid-
ing each with the necessary characteristics for optimal
use. Since they differ, however, the incremental layering
of the composite may require additional blending while
shaping and light curing are performed.18

The polymerization process combines two different
curing systems. The artificial dentin is initially polymer-
ized with a conventional curing light, which stabilizes
the restoration during buildup and preserves unreactive
sites to enhance bonding. This layer has a lower conver-
sion rate than the enamel, which allows it to bond with
the resin cement. The enamel is then cured in a proprie-
tary oven at 135°C and a pressure of 41.369 N/cm2

in a nitrogen atmosphere. The elevated temperature and
nitrogen gas increase the polymer conversion, and the
pressure allows the oxygen to be purged out of the system
in cycles. This is beneficial since oxygen limits the degree
of polymerization by competing at the carbon double-
bond sites. Therefore, replacing oxygen with nitrogen
allows for a more complete cure since no air-inhibited
layer remains uncured.25 Results from a recent study indi-
cate that an ideal conversion rate of 98.5% polymer-
ization may be achieved with this material with a
20-minute curing period.20,26 The enamel layer is designed
to improve wear resistance through the heat/pressure

Figure 7. The adhesive agent (Nexus, Kerr/Sybron,
Orange, CA) was applied and air-thinned.
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Figure 5. Occlusal view of the built-up onlay restorations
following application of the composite stain.

Figure 6. The preparation was etched for 15 seconds
with 37.5% phosphoric acid semi-gel (Gel-Etchant,
Kerr/Sybron, Orange, CA).



polymerization process; the dentin layer has been improved
to match the coefficient of expansion of a natural tooth
and the flexural strength and modulus of natural dentin
(ie, reduced polymerization shrinkage 9% by volume).
The resulting composite material provides maximum
strength and homogeneity, aesthetics, color stability, and
enhanced resistance to wear and deformation.22

Preparation Design Requirements
Tooth preparation for indirect resin inlays/onlays differs
from that required by conventional cast-metal materials.
The preparation design is based on the mechanical prop-
erties of the indirect composite materials and the authors’
clinical experiences. Since resistance and retention are
determined primarily by adhesion to enamel and dentin,
a more conservative preparation is achievable.27-36 To
attain optimal functional and aesthetic results, the fol-
lowing preparation guidelines should be considered:

• All enamel should be supported by sound,
healthy dentin.

• All internal angles and edges should be
rounded to avoid stress and facilitate the
fabrication of the restoration.

• Isthmus width should be at least 2 mm with
a minimum depth of 1.5 mm.

• All proximal walls should be flared or
diverged 5 to 15 degrees (no undercuts).

• Gingival margins should be prepared to a
90-degree cavosurface line angle (butt joint).

• Sharp cavosurface margins should be main-
tained.

• Occlusal margins should not coincide with
occlusal contact site.

• No feather-edge preparation.11,18,22,27,28,37,38

Fiber Reinforcement
A principal consideration in determining the long-term
clinical success of laboratory-fabricated resin restora-
tion is tooth reinforcement. To reinforce the composite
resin, additional fibers are integrated into the resin matrix
during fabrication and prior to the curing process.28,38

The surface of these fibers has been treated to enhance
adhesion to any synthetic restorative material. Although
no long-term clinical trials are available to determine the
clinical success of these materials, a recent short- term
study on 60 single-crown restorations demonstrated

Figure 11. A sable brush was utilized to remove
the remaining resin cement from tooth #31(47).

Figure 8A. The internal surfaces of the composite
restorations were microetched. 8B. Silane was
applied to the internal surfaces of the restoration.

Figure 9. The resin cement (Nexus, Kerr/Sybron,
Orange, CA) was injected into the preparations.

Figure 10. The excess resin cement was removed
from tooth #30(46) with a sable brush.
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no breakage after 1 year.11 Since the flexural strength
of the restoration is increased by the addition of com-
posite reinforced fibers,11,39 the authors believe it is prudent
to incorporate them to reduce fractures in regions of
increased occlusal stress.

Adhesive Surface Preparation
Adhesive bonding of laboratory-processed composite
resins increases their resistance to fracture.40 A principal
determinant in the long-term success of these restora-
tions is the strength and durability of the interface between
the resin cement and the bondable surface of the
processed resin.41 The surface of laboratory-processed
composite resins is highly polymerized with minimal unre-
acted free-end radicals for bonding to the resin cement.

While microleakage has been reported to occur at
this interface between the internal surface of the inlay/
onlay and the resin cement in the absence of compos-
ite softening agents,42 several surface treatments have
been advocated to promote adhesion between the resin
cement and the indirect restoration. Mechanical roughen-
ing of the internal surface of the inlay can be accom-
plished with diamond burs or microetching with either
50 µm aluminum oxide particles or 30 µm silanized
silica-coated aluminum oxide particles, which creates a
micromechanical retention bond at a microscopic level
between the restorative material and the resin cement.
In addition to mechanical roughening, an application
of proprietary softening agents, wetting agents, or silane
has been reported to enhance the bond strength between
the restoration and the resin cement.43

Various precementation protocols have been recom-
mended by the manufacturers of indirect resin systems. The
authors’ standard cementation protocol for laboratory-
processed composite resins includes microetching with
a silicate ceramic sand (CoJet-Sand, ESPE America,
Norristown, PA) and subsequent application of silane
to restore any coating on the original fillers that may
have been removed by sandblasting. As a bifunctional
molecule, the silane acts as a coupling agent between
the filler particles on the indirect resin surface and the
resin cement; newer formulations of silane that include
a monomer (ie, unfilled resin) further simplify the bond-
ing process. Microetching of aged composite resin with
silica-coated aluminum oxide particles resulted in higher
bond strengths compared to other surface treatments for

Figure 15. A composite surface sealant
(OptiGuard, Kerr/Sybron, Orange, CA)
was applied.

Figure 12. The occlusal anatomy was refined
with #12 and #30 fluted egg-shaped burs.

Figure 13. Additional etching material was
placed on the margins of the restoration.

Figure 14. The cavosurface margin was re-etched.
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intraoral repair of composites.44 The mechanism of action
allows the silicate particles to become embedded in the
surface of the restoration during sandblasting, which
then reacts with the silane to improve bond strengths.45

Reports indicate, however, that etching or rinsing after
such surface treatment significantly decreased shear
bond strengths.43,46

Clinical Procedure
The following clinical protocol utilizes an indirect restora-
tive technique that requires two appointments. At the
first appointment, a shade selection and photograph com-
parison is performed prior to rubber dam placement,
since dehydration of the teeth results in an elevated value
that may cause the selection of an incorrect shade. Upon
removal of the existing amalgam restoration and recur-
rent caries, the cavity is designed according to the afore-
mentioned preparation guidelines. Following removal of
the rubber dam, an additional photographic shade com-
parison of the underlying substrate is performed. An accu-
rate polyvinylsiloxane impression (eg, Take 1, Kerr/Sybron,
Orange, CA; Aquasil, Dentsply/Caulk, Milford, DE;
Splash, Discus Dental, Culver City, CA) is made to define
all cavosurface margins. A model of the opposing denti-
tion and an interarch occlusal bite registration is conveyed
with 35-mm photographs of the shade tab comparison.
Digital photography provides another method for the
instant transmission of information from the clinician to
the laboratory via the Internet. A direct provisional restora-
tion is placed, and the occlusion is inspected (Figures 2
through 5).

On the following visit, once anesthesia has been
administered to the patient, the provisional restoration is
removed with a spoon excavator. A throat pack of gauze
is placed prior to removal of the provisional and during
try-in of the restoration to protect the patient from swal-
lowing the material.37 The restoration is tried-in to permit
the evaluation of color and marginal adaptation under
4.3� telescopic magnification. The proximal contacts
are examined and equilibrated as necessary. The teeth
are isolated with a rubber dam to protect against con-
tamination and to achieve adequate field control.47,48

The preparation is subsequently cleaned with a 2%
chlorhexidine solution (Consepsis, Ultradent Products,
South Jordan, UT). Using the “total-etch” technique to
minimize the potential of microleakage and enhance

bond strength to dentin and enamel,34,49,50 the preparation
is etched for 15 seconds with 37.5% phosphoric acid
(Gel-Etchant, Kerr/Sybron, Orange, CA), rinsed for 5
seconds, and then lightly air-dried to avoid dessication
(Figure 6). A soft metal strip is placed interproximally to
isolate the prepared tooth from the adjacent dentition.
Once the dentin is lightly remoistened with water or a
rewetting agent, a hydrophilic adhesive system is uti-
lized. After the dentin primer and activator are applied
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Figure 16. Final polishing was accomplished with rubber
points and polishing paste.

Figure 17. Postoperative occlusal view of the definitive
restorations. Note the harmonious integration of the
composite resin with the existing tooth structure.

Figure 18. Case 2. Preoperative occlusal view of a
defective amalgam restoration with recurrent decay.



separately and air-thinned, the adhesive agent (Nexus 1,
Kerr/Sybron, Orange, CA) is applied in the same fash-
ion (Figure 7).

Once the internal aspect of the onlay is treated
according to the aforementioned surface preparation
protocol (Figure 8), the restoration is cemented with a dual-
cure composite cement (Nexus, Kerr/Sybron, Orange,
CA). The cement is mixed and loaded into a needle tube

syringe tip (Needle Tube, Centrix, Sheldon, CT) and
injected into the entire preparation (Figure 9). A blunt-
tipped instrument is used to seat the restoration firmly in
place, and the excess resin cement is removed with a sable
brush (Figure 10). It is imperative to leave some residual
cement at the margins to prevent voids and to compensate
for its polymerization shrinkage. The restoration is initially
polymerized for 20 seconds while held in place with the
blunt-tipped instrument. The residual cement is removed
with a sable brush (Figure 11), and the interproximal
aspects are flossed. This leaves only a small increment
of cement at the margin to counteract any polymerization
shrinkage. A thin application of glycerin is applied to all
the margins to prevent the formation of an oxygen-inhibiting
layer on the resin cement.22 The restoration is subsequently
polymerized from all aspects (eg, facial, occlusal, lingual,
and proximal) for 60 seconds, respectively.

Once the resin cement is polymerized, the residual
excess at the gingival margin is removed with a scalpel.
The interproximal region is finished with #12 and #30
fluted needle-shaped finishing burs, and the occlusal
anatomy is refined with #12 and #30 fluted egg-shaped
finishing burs (Figure 12). The restoration and the adja-
cent enamel are then re-etched (Figures 13 and 14), and
a composite surface sealant (OptiGuard, Kerr/Sybron,
Orange, CA) is applied and cured to seal any cracks
or microscopic porosities that may have formed during
finishing (Figure 15). Finally, the restoration is polished
with rubber points and cups and polishing paste
(Figure 16). The rubber dam is removed, and the patient
is asked to perform closure without force and then cen-
tric, protrusive, and lateral excursions. Any necessary
equilibration is accomplished with #12 and #30 egg-
shaped finishing burs, and the final polishing is repeated.
The contact is tested with unwaxed floss, and the margins
are inspected. The final result illustrates the harmonious
integration of the laboratory-fabricated composite resin
restoration with the existing tooth structure (Figure 17).

Conclusion
Although not a panacea to all restorative challenges,
contemporary indirect resin systems offer the clinician
alternative approaches to various clinical situations
(Figures 18 through 21). Manufacturers’ improvements
in the physical and optical properties of restorative
materials allow the clinician to utilize more conservative
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Figure 19. Shade selection was performed prior to rubber
dam placement.

Figure 20A. Occlusal anatomy was refined with #12 and
#30 fluted egg-shaped finishing burs. 20B. Final polishing
with rubber points (FlexiPoints, Cosmedent, Chicago, IL).

Figure 21. Postoperative occlusal view of the definitive
restoration. Notice the harmonious integration of the
composite resin with the existing tooth structure.
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preparation designs to create function and aesthetic har-
mony. While innovative ideas and concepts continually
flood the marketplace, one should not discount the power
a new product may have on plan, design, or procedure.
These developments promise to simplify the clinical appli-
cation of aesthetic techniques and ultimately improve
the level of healthcare provided for the contemporary
dental patient.
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1. New generation indirect resins are also known as:
a. Matrices.
b. Misnomers.
c. Generation next.
d. Ceramic optimized polymers.

2. Indirect composite resin systems represent an alternative
for larger posterior restorations. They restore mechanical
and biological function with minimal resin cement
shrinkage.
a. Both statements are true.
b. Both statements are false.
c. The first statement is true, the second is false.
d. The first statement is false, the second is true.

3. Microhybrids include a combination of:
a. Organic particles and an organic polymer.
b. Inorganic particles and an organic polymer.
c. Organic particles and an inorganic polymer.
d. Inorganic particles and an inorganic polymer.

4. The various methods of postcuring allow for secondary
curing of the composite by increasing the conversion
of the material from:
a. Polymer to isomer.
b. Isomer to monomer.
c. Monomer to polymer.
d. Polymer to monomer.

5. Accepted clinical applications for restorative polymers
include:
a. Precision attachments.
b. Single-tooth restorations.
c. Progressive loading of implant-supported prostheses.
d. All of the above.

6. Clinical benefits achieved from the indirect resin
systems include:
a. Color stability.
b. Wear resistance.
c. Both a and b.
d. Neither a nor b.

7. The two components of the indirect composite resin
system include:
a. Filler and dentin.
b. Enamel and resin material.
c. Resin material and curing mechanism.
d. Curing mechanism and enamel.

8. Replacing oxygen with nitrogen during the polymeri-
zation process allows for:
a. A less complete cure.
b. No cure.
c. A more complete cure.
d. Suffocation.

9. To reinforce the composite resin, additional fibers are
integrated into the resin matrix:
a. Never.
b. Only when needed.
c. During curing, prior to the fabrication process.
d. During fabrication, prior to the curing process.

10. Adhesive bonding of laboratory-processed composite
resins increases their:
a. Resistance to fracture.
b. Resistance to adhesion.
c. Resistance to refraction.
d. Resistance to a complete cure.

To submit your CE Exercise answers, please use the answer sheet found within the CE Editorial Section of this issue and complete as follows:
1) Identify the article; 2) Place an X in the appropriate box for each question of each exercise; 3) Clip answer sheet from the page and mail
it to the CE Department at Montage Media Corporation. For further instructions, please refer to the CE Editorial Section.

The 10 multiple-choice questions for this Continuing Education (CE) exercise are based on the article “Clinical considerations for aesthetic
laboratory-fabricated inlay/onlay restorations: A review” by Douglas A. Terry, DDS, and Bernard Touati, DDS, DSO. This article is on
Pages 51-58.

Learning Objectives:
This article details the comprehensive clinical protocol required for the placement of laboratory-fabricated resin inlay and onlay restorations.
Upon reading this article and completing this exercise, the reader should:

• Understand the heat-curing process in conjunction with nitrogen pressure, as applied to indirect resin restorations.
• Be aware of various postcuring methods associated with composite resin restorations.
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