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Advances in adhesive restorative
biomaterials by researchers, clinicians,
scientists, and manufacturers have re-
sulted in adhesive restorations that pro-
vide increased retention, marginal adapt-
ation and seal, and reduced microleak-
age. This evolution in the development of
adhesive dental technology, with adhesive
materials and techniques, has dramatically
changed the way dentistry is practiced in
the modern dental office. Modern adhesive
restorative materials and techniques have
provided clinicians more conservative
treatment avenues that preserve tooth
structure while improving the longevity
and esthetics of the restoration.

From the wide range of restorative
biomaterials, indirect laboratory-proces-
sed composite resin systems provide an
esthetic alternative for intracoronal poste-
rior restorations. Laboratory-processed
inlays and onlays fabricated with com-
posite resin provide esthetic results that
may also reinforce tooth structure. Be-
cause this adhesive procedure strength-
ens the cusps and provides additional

support for the dentition, a more conser-
vative preparation design can be used.
Thus, these systems restore mechanical and
biological function while achieving opti-
mal esthetic results with minimal resin
cement shrinkage and limited tooth reduc-
tion. Additional clinical benefits include
precise marginal integrity, wear resistance
similar to enamel, and wear compatibility
with opposing natural dentition but also
ideal proximal contacts, excellent anatom-
ical morphology, and optimal esthetics.1-3

NEXT-GENERATION
INDIRECT SYSTEMS
The use of laboratory-processed com-
posite resin systems for intracoronal rest-
oration of posterior teeth has increased
dramatically with the improvements in
physical and mechanical properties of
these resin systems and patient demand
for tooth-colored restorations. These
next-generation resin systems (TESCERA
ATL™, Bisco, Inc, Schaumberg, IL;
Gradia™ Light-Cured Micro-Ceramic
Composite, GC America, Inc, Alsip, IL;

Sculpture® Plus, Pentron Laboratory
Technologies, Wallingford, CT) maintain
a higher density of inorganic ceramic
microfillers compared to the earlier-gen-
eration direct and indirect systems.4 These
materials have been noted for possessing
the advantages of composite resins and
porcelains without being confined by
their inherent limitations.5

The biomaterial, known as “microhy-
brids,” include a combination of inor-
ganic particles (fillers) and an organic
polymer (matrix), with a filler content
that contains twice the organic matrix
content (approximately 66% inorganic
fillers and 33% resin matrix). The filler is
the primary determinant of the clinical
and physiochemical properties of com-
posite resin material. These submicron-
particle fillers demonstrate exceptional
surface characteristics such as polishabil-
ity and wear resistance.6 The wear is in-
fluenced by the filler size, filler shape,
filler load, and filler/matrix bonding.7-9

In fact, a significant reduction in wear
resistance has been reflected by simply
decreasing the size of the filler particle.7,10

In addition, the various methods of
postcuring (eg, light, heat pressure, vac-
uum, nitrogen) allow for secondary cur-
ing of the composite by increasing the
conversion of the material from mon-
omer to polymer.11 This heightened but
controlled degree of polymerization in-
creases fracture toughness, flexural and
diametral tensile strength, wear resist-
ance, incisal edge strength, and color
stability.12,13 Whereas many articles have
examined the plethora of uses for indi-
rect resin-reinforced systems, this dis-
cussion will focus on the onlay restoration
employing an indirect resin-reinforced
system that uses three curing mecha-
nisms—pressure, light, and heat under-
water. Part I will describe each of the
systems’ mechanisms and the specific
material properties of this next generation
of an indirect composite resin system
(TESCERA ATL) including a detailed

review of the preparation and laborato-
ry fabrication.

COMPONENTS
OF THE SYSTEM
An understanding of a specific indirect
composite resin system requires a dis-
cussion of the components of the system:
the resin material and the curing mecha-
nism. The indirect composite resin system
used in this case presentation, TESCERA
ATL, contains a combination of three dif-
ferent forms of composite resin material:
dentin, body, and incisal components.

COMPOSITE
RESIN MATERIAL
In selecting a resin material, the particle
size represents crucial information on
the determination of how to best use
composite materials.14 The filler particle
size, distribution, and the quantity incor-
porated dramatically affects the mechan-
ical properties and clinical success of
composite resins.15 The filler particles
are silanated for suitable adhesion to the
organic matrix. This indirect system’s
filler composition varies for the dentin
material and the body and incisal. The
dentin material is a highly filled hybrid
(85% by weight, 73% by volume) similar
to the proprietary mixture of the direct
restorative ÆLITE™ LS (Bisco, Inc). This
increased filler loading allows a volumet-
ric shrinkage of 1.5% while maintaining
a high flexural strength. The body and
the incisal material consists of a rein-
forced microfill (70% by weight) similar
to the proprietary mixture of the direct
restorative MICRONEWT™ (Bisco, Inc).16

Added to the nanoparticles is a relatively
large “reinforcement” particle that aver-
ages 1 µm in size, compared to the main
filler, which is 0.04 µm in size. The aver-
age particle size for this composite is
approximately 50 nm (0.05 µm). The
presence of these 1-µm reinforcement
particles are reported to contribute to
the strength by acting as a “crack ar-
rester,” while the increased particle con-
centration of the microfill particles
provides improved clinical performance
through increased polishability, durabil-
ity of the polish, wear resistance, and
fracture resistance.16

The matrices for the dentin, body,
and incisal material consist of various
combinations of diluents: Bis-GMA (bis-
phenol A-glycidyl methacrylate), ure-
thane dimethacrylate, ethoxylated bis “a”
dimethacrylate, and tetraethylene glycol
dimethacrylate. However, the matrix for
the incisal differs from that of the dentin
and body in that the incisal uses a low
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Bis-GMA concentration, whereas the
dentin and body materials have a higher
concentration. A study of the incisal
material by Ferracane and Condon at
Oregon Health Sciences University indi-
cates a greater abrasion resistance than
other indirect systems tested.16 The man-
ufacturer suggests that this improved
wear resistance of the incisal material is a
result of the change in concentration of
Bis-GMA.17

CURING MECHANISM
The polymerization process for this indi-
rect system combines two curing mecha-
nisms—light and heat under water. The
“artificial dentin” is initially completely
pressurized (60 psi) in a light cup before
the light-curing cycle is initiated. The
initial pressurization eliminates the incor-
poration of internal voids and bubbles
during the incremental build-up process.
The light-cup contains white reflection

beads which provide support to the
working die while reflecting and diffus-
ing light around the chamber and onto
the composite surface. During the incre-
mental build-up process, each light-cure
cycle requires 2 minutes and stabilizes
the restoration during build-up, which
allows placement of subsequent incre-
ments without deforming the underlying
composite layer. After complete de-
velopment of the restoration, the final

cure is accomplished in a heat cup with
the restoration submerged in water. Any
residual free oxygen in the water is
removed by adding an oxygen-scavenger
tablet that absorbs the residual oxygen.
This is beneficial since oxygen limits the
degree of polymerization by competing
at the carbon double-bond sites. There-
fore, removing oxygen allows for a more
complete cure because no air-inhibited
layer remains uncured,18 and this may
improve the physical and mechanical
properties at the surface. The final rest-
orations are cured using an initial full
cycle of pressure (60 psi) with light and
heat (peak heat of 130°C and tempera-
ture decreases to approximately 90°C
before the pressure is released) for ap-
proximately 10 minutes to 13 minutes
depending on the size of the restoration
and the initial temperature of the water.
The final curing process with heat under
pressure increases the polymer conver-
sion and eliminates the residual mon-
omers. The resulting composite material
provides increased strength and homo-
geneity, excellent esthetics with enhanced
optical properties and fluorescence,
low water sorption and solubility, color

Figure 1 Preoperative occlusal view of a
defective composite restoration with recurrent
decay on the mandibular left first molar.

Figure 2 Photographic custom shade compari-
son to the natural tooth structure.

Figure 3 Occlusal view of completed onlay
preparation design.

Figure 4 The working model was mounted on
dies to facilitate the layering process and the
cavosurface margins were outlined.

Figure 5 A thin layer of die separator was ap-
plied to the cavity and to any part of the model
that would contact the composite resin, and then
was air-dried. This layer acted as a separating
medium and die spacer.

Figure 6 An A-2 shaded opacious dentin layer
is placed in the center of the preparation and ad-
apted with a flat-bladed interproximal instrument,
and an indention was created around the central
artificial core.

Figure 7 A premeasured reinforcement fiber is
completely coated with unfilled resin and adapt-
ed into the soft initial opacious dentin layer and
cured in the light cup for 2 minutes.

Figure 8 Subsequent increments of A-2 shaded
translucent composite were placed and shaped
around the dentin core.

Figure 9 A mixture of orange tint with a small
amount of red/brown tint was applied in the pre-
viously formed invagination. The layers were com-
pressed together, creating an internal depth of
color within the dentin core.

Figure 10 The occlusal planes and ridges
were developed with subsequent layers of opa-
cious and translucent A-2 shaded hybrid com-
posite. Each layer was smoothed and contoured
with a 3/0 sable brush and cured in the light
cup for 2 minutes.

Figure 11 The die was placed onto the Geller
working model and the anatomical contour was
developed according to the occlusal parameters.

Figure 12 The first “artificial enamel” layer, an
incisal, clear-shaded hybrid composite, was ap-
plied with a flat-bladed instrument to develop
the ideal proximal contour and cured in the light
cup for 2 minutes.
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Figure 13 Subsequent layers of incisal, clear-
shaded hybrid composite were placed over the
developed anatomical contours and an infinitesi-
mal amount of orange tint was placed in specific
occlusal grooves and the layers were compressed
together, creating a fine line of stain from the
base of the invagination to the occlusal surface
and cured in the light cup for 2 minutes.

Figure 14 A diluted white tint is placed along
the incline planes, cusp tip, and the disto-marginal
ridge and faded up to the cavosurface margin.

Figure 15 Pits, fissures, and grooves were then
generated, and a brown-tinted resin was applied
with a No. 08 endodontic file in the previously
formed invaginations according to the shade dia-
gram and cured in the light cup for 2 minutes.



stability, and superior resistance to wear
and deformation.2

FIBER REINFORCEMENT
For large restorations or teeth with mini-
mal remaining enamel, fibers should be
included as a base on which to veneer the
composite.19 An important consideration
for achieving optimal long-term clinical
success of laboratory-fabricated resin
inlays/onlays is tooth reinforcement. To
reinforce the composite resin, additional
fibers (TESCERA Reinforcement Material,
Bisco, Inc; Ribbond®, Ribbond, Seattle,
WA) are integrated into the resin ma-
trix20,21 during fabrication and before
the curing process. These fibers have been
surface-treated to enhance the adhesion
to any synthetic restorative material.
Although no long-term clinical trials are
available to determine the clinical suc-
cess of these materials, a recent short-
term study on 60 single-crown restorations
demonstrated no breakage after 1 year.5,22

Because the flexural strength and fracture
resistance of the restoration is increased
by the addition of composite reinforced
fibers,5,23 the authors believe it is pru-
dent to incorporate them to reduce frac-
tures in regions of increased occlusal stress.

A recent development of another type
of reinforcing structure for these indirect
composite resin systems is the TESCERA
structural fibrous material, which consists

of pre-tensed quartz fibers that are cured
into a resin matrix to provide a rigid, strong
reinforcing structure. These materials
consist of different shapes and configu-
rations (ie, U-Bars, barrels, sleeves, and
fiber bundles) which have been surface-
treated to enhance the adhesion to any
synthetic restorative material.

PREPARATION, IMPRESSION,
AND PROVISIONALIZATION
The adhesive preparation design preserved
sound tooth structure and required no
extension for prevention. The preparation
was limited to access to the defect, because
the composite required less volume to resist
clinical fracture than would have an amal-
gam.24,25 Upon removal of the existing
recurrent caries, the cavity design fol-
lowed the preparation guidelines for indi-
rect inlay/onlay restorations (Figure 1):

• All enamel supported by sound,
healthy dentin;

• All internal angles and edges rounded
to avoid stress and facilitate the fabri-
cation 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 degrees to 15 degrees with
no undercuts;

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

• Sharp cavosurface margins should be
maintained;

• Occlusal margins should not coincide
with occlusal contact site; and

• No feather-edge preparation.2,5,11,26 

As a general guide, when the isth-
mus preparation exceeds one half of
the distance from the central fossa to
the cusp tip, a restoration with cuspal
coverage should be considered. In areas
of low stress and where there is mini-
mal potential of tooth flexure, thinner
areas of tooth structure may be judi-
ciously inlayed. For larger restorations
or weak teeth with minimal enamel as
aforementioned, fibers should be
included as a base on which to veneer
the composite.5

Before impression making, it was im-
portant to seal the dentin tubules with a
hybrid layer.1,11,27,28 This protected the
pulp from the invasion of microorganisms
and reduced sensitivity during the provi-
sional stage. Once the preparation was
conditioned, a thin layer of adhesive
(All-Bond® 2, Bisco, Inc; G-Bond, GC
America; Gluma® Comfort Bond + De-
sensitizer, Heraeus Kulzer, Armonk, NY)
was applied on the preparation surfaces
with an applicator for 20 seconds, air-
thinned for 5 seconds, and light-cured
for 20 seconds. To prevent interaction of
the dentin adhesive with the impression
material, particularly polyethers, the
adhesive layer was covered with a layer of
glycerin and additionally light-cured for
20 seconds.29 A polyether impression (ie,
Impregum™, 3M™ ESPE™, St. Paul, MN;
Permadyne™, 3M™ ESPE™; Polyjel® NF,
DENTSPLY Caulk, Milford, DE; P2™,
Heraeus Kulzer) was made, including all
cavosurface margins. A direct provision-
al restoration was placed with a matrix
band (Automatrix®, DENTSPLY Caulk)
using a light-cured, semiflexible material
(ie, Fermit, Ivoclar Vivadent, Amherst,
NY), and the occlusion was evaluated.

LABORATORY DEVELOPMENT
The laboratory procedure shown in
Figure 2 through Figure 18B illustrates
the interpretation of the clinical infor-
mation and describes how this informa-
tion can be used with laboratory-pro-
cessed composite resins to integrate the
existing color of the natural tooth with
the optical properties of the restorative
material, TESCERA ATL.

CONCLUSION
While new products and technological
advancements impact our profession
positively, a new burden rests on clini-
cians and technicians to continually edu-
cate themselves and their patients on the
properties and applications of the new
restorative biomaterials. This knowledge
has provided patients and clinicians with
alternative conservative treatment avenues
to various clinical scenarios. However, it
is essential to remember that the final
restorative result is based on the experi-
ence and judgment of the clinician and
technician and the communication and
understanding between them. Part 1 of
this discussion has reviewed the general
properties of the next-generation, labo-
ratory-processed composite resins, explain-
ed the components of a specific indirect
composite resin system (TESCERA ATL)
and provided a detailed description of the
preparation and laboratory fabrication
of an onlay restoration. Part 2 will de-
scribe the principles that should be fol-
lowed to achieve long-term success, with
an emphasis on adhesive bonding and
finishing protocols.
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Figure 18A and Figure 18B Completed laboratory-processed composite resin restoration
(TESCERA ATL) (A). Notice the enhanced optical characteristics and the anatomic morphologic detail
that can be achieved with these advanced indirect systems (B).

Figure 16A through Figure 16C The final artificial enamel was restored with small increments of incisal, clear-shaded hybrid composite, which was
placed over the developed anatomical contours as an occlusal envelope to reproduce form in addition to the optical effects of enamel (A); developmental
grooves were accentuated with an explorer tip (B); and the final contours were smoothed with No. 2 sable brush (C).

EsTHetics

Figure 17A through Figure 17C Silicon carbide-impregnated brushes were used to final polish the occlusal concavities, grooves, and fossae that are
difficult to access with other polishing devices (A); the definitive luster is accomplished with a soft, white, goat-hair brush and composite polishing paste (B); a
high surface reflectivity can be achieved with a dry cotton buff used in an intermittent staccato motion applied at conventional speed (C).
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