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Abstract

A complex cavity is so named because it results from damage to the enamel—dentin complex, and such
Cavities can cause patients considerable difficulties in daily life. The reconstruction of damaged areas with
synthetic restorative materials requires careful consideration of the unique functional properties of natural
enamel and dentin, whose inherent characteristics remain superior to those of any synthetic restorative
material currently available. The objective of this article was to organize the available information on indirect
adhesive restorations for complex cavities, with particular emphasis on the factors and techniques that require
consideration during clinical procedures.

An electronic search was performed in MEDLINE/PubMed, the Web of Science and Google Scholar. The articles
included in this study comprised randomized controlled trials (RCTs), clinical trials, clinical reports, reviews,
and laboratory studies.

The amount of the remaining natural tooth structure directly affects the longevity of the restored tooth.
The remarkable properties of natural enamel and dentin have long been recognized, and bondable restorative
materials have therefore been continuously developed with the aim of preserving these natural tissues and
reinforcing the remaining tooth structure through effective adhesion. Even when a large portion of the tooth
structure has been destroyed, conservative treatment can often still be performed, allowing the benefits
of these advanced techniques to be achieved. All aspects of the procedure need to be considered, including
material selection, cavity design and preparation, cavity and restoration surface preparation, and the cementa-
tion procedure. Additional techniques, including immediate dentin sealing (IDS) and the controversial deep
margin elevation technique, are also addressed in this article.

Keywords: indirect adhesive restorations, bondable restorative materials, non-retentive adhesive restora-
tions, complex cavity, minimally invasive restorations
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Highlights

K. Wayakanon, P. Wayakanon. Indirect adhesive restorations

» Minimally invasive indirect adhesive restorations provide a conservative approach for reconstructing large areas

of damaged tooth structure.

+ Complex cavities that are difficult to restore directly can be effectively managed with bonded indirect restorations.
« Preserving intact tooth structure allows for a non-retentive cavity design without the need for extensive mechani-

cal retention.

Introduction

A common dental problem that brings patients
to the dentist is the presence of a large cavity. Large cavi-
ties are often associated with troublesome food retention,
uncomfortable tooth sensitivity or a precarious sharp edge.
A large cavity can result from a variety of causes, such
as active dentin caries beneath fragile enamel, secondary
caries beneath a previous restoration, or a partial fracture
of the natural tooth structure.*?

A large cavity often involves 2 tooth surfaces, and then
it is referred to as a compound cavity. When the damage
is extensive and involves 3 or more surfaces, it is referred
to as a complex cavity.? The restoration of a complex cavity
is complicated by the fact that it often involves subgingi-
val margins, including gingival overgrowth, or a cavity
extending close to the pulpal tissue (Fig. 1). In addition
to the mechanical aspect of withstanding chewing forces,
this situation also involves the biological aspect of ensuring
that the tooth can function properly during mastication.
There is also an esthetic aspect, as all patients naturally
desire a natural-looking restoration.*

Materials for dental restorations have been intentionally
developed to mimic the properties of the natural tooth

Fig. 1. Common characteristics of complex cavities

The broken enamel-dentin structure often extends close to the pulpal
tissue. Cusps are frequently involved in the cavity, as is gingival
overgrowth.

structure for reconstruction. However, enamel and dentin
are often destroyed simultaneously, and both need to be
replaced, even though their properties are quite different.
Enamel is brittle and stiff, with a high elastic modulus
of approx. 80 GPa, whereas dentin is more flexible, with
an elastic modulus of approx. 20 GPa.”> This represents
a highly effective combination created by nature, in which
the strong outer shell of enamel and the resilient inner layer
of dentin work together to prevent enamel from shattering
when the tooth is subjected to fatigue loading.® To date,
there are still no restorative materials that can adequately
substitute for the natural enamel-dentin combination
when it is damaged.

Conservative dental treatment, or conservative dentistry,
is an intellectual concept aimed at preserving as much
of the unique natural tooth structure as possible, since
the properties of all artificial materials fall short of those
of the original tooth structure. Unbondable restorative
materials require the otherwise unnecessary removal
of a sound tooth structure to create a retentive form that
holds the restoration in place through macromechanical
retention.” Consequently, the remaining tooth structure
becomes more susceptible to fracture, as unbondable ma-
terials cannot replace the natural reinforcement provided
by the tooth structure that has been removed. Thus, re-
moving any part of the tooth for the purpose of creating
macromechanical retention inherently weakens the re-
maining natural tooth structure.”~ In contrast, by defini-
tion, bondable materials adhere to an intact tooth struc-
ture through micromechanical retention. For this reason,
the intact portion of the tooth should be preserved as much
as possible to provide a large tooth surface area for effective
adhesion.!? These bondable materials can also reinforce
the remaining tooth structure, thereby reducing the risk
of subsequent fracture.®*11

A comprehensive search for the existing reviews on dental
adhesive indirect restorations was conducted using MED-
LINE/PubMed, the Web of Science and Google Scholar.
This search revealed that most reviews focused exclusively
on either cavity preparation techniques or the treatment
of cavity surfaces before cementation. However, compre-
hensive reviews integrating all relevant procedures and
the rationale behind them are lacking. This review aims
to address this gap by collecting and organizing the avail-
able information on dental adhesive indirect restorations,
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with particular emphasis on the factors and techniques that
need to be considered during the clinical process, as these
can significantly affect the success of treatment.

Methods

An electronic database search, with no date restrictions,
was performed using MEDLINE/PubMed, the Web of Sci-
ence and Google Scholar. The articles included in this
study comprise randomized controlled trials (RCTs), clini-
cal trials, clinical reports, reviews, and laboratory studies.
Only articles published in English were included. Titles
and abstracts were screened as the initial screening step.
The selected articles were retrieved, read in full, and then
included in this review. An additional search for relevant
information was performed by reviewing the references
of the selected articles.

Bondable restorative materials

There are essentially 2 types of bondable materials
used with the natural tooth structure: glass ionomer ce-
ment (GIC); and dental adhesives.!? Glass ionomer ce-
ment initially establishes hydrogen bonds with the tooth
through the free carboxyl groups of the cement binding
to the bound water on the tooth surface.!* These hydrogen
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bonds are gradually replaced by the ionic bonds formed
between the carboxylate groups of poly(acrylic acid) in GIC
and the calcium ions of hydroxyapatite, which also results
in the formation of an ion-exchange layer at the tooth—
GIC interface.'*!> Dental adhesives are currently the most
widely used bondable materials and provide reliable mi-
cromechanical adhesion to the tooth structure.!® Dental
adhesives are used in 2 main ways — for direct and indirect
restorations. Direct restorations are made of conventional
resin-based materials, including resin composites, com-
pomers and giomers, which bond directly to the dental
adhesive. In contrast, indirect restorations are made of ma-
terials such as metal, ceramic, resin, or hybrid ceramic, and
require an intermediate layer of resin cement to establish
a bond with the dental adhesive. Thus, dental adhesives
are versatile materials that can bond to almost all types
of dental restorative materials (Fig. 2).

When attempting to restore a complex cavity using
the direct technique, it is difficult to create good contours
of the proximal surfaces and the precise occlusal anatomy
corresponding to the opposing tooth. Direct restorations
are also time-consuming, and they provide good func-
tionality for only a medium term, 3—5 years, in a complex
cavity.!’~¥ They frequently encounter bond degradation,
leading to marginal leakage, broken restorative materials,
or ineffective restoration anatomy and contour.2>* For
long-term success, bonded indirect partial restorations
are suggested as a better alternative.

Fig. 2. Dental adhesives and glass ionomer cement (GIC) as the principal bondable restorative materials used in dentistry

Dental adhesives are remarkably versatile, since they function as intermediate materials for joining almost all kinds of other dental materials to the tooth

structure.
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Fig. 3. Various designs of bonded partial indirect restorations

K. Wayakanon, P. Wayakanon. Indirect adhesive restorations

A —inlay; B - onlay; C - overlay; D — overlay-veneer; and E — long-wrap overlay, compared with the traditional crown (F).

These more durable restorations are considered mini-
mally invasive for large defects in posterior teeth.h?2-24
The amount of the remaining intact natural tooth struc-
ture influences the survival of the restored tooth by help-
ing to prevent catastrophic failure.>?® Bonded indirect
partial restorations can also overcome some of the limi-
tations of direct restorations. Indirect restorations with
a cement thickness of less than 200 um generate less po-
lymerization stress than direct resin composite restora-
tions with a thickness of 2 mm.2¢ They also provide more
accurate proximal contacts and occlusal relationships with
the neighboring teeth as a result of more convenient extra-
oral fabrication. Bonded indirect partial restorations offer
an opportunity to preserve and strengthen the remaining
natural tooth structure, and Fig. 3 shows various designs
typically used to achieve this.?>2%28 The synergistic bond
between bondable restorative materials and the natural
tooth structure, mediated by adhesive resin-based cement,
plays a crucial role.>25:2%.29

Today, resin cements are by far the most commonly used
adhesive cements. Adhesive cements must bond to a va-
riety of substrates, including enamel, dentin, ceramic,
metal, and resin.?° Resin cements can be classified ac-
cording to their polymerization mechanism as light-cured,

chemically cured or dual-cured, or according to their ad-
hesive strategy as total-etch, self-etch or self-adhesive.3!-32
The ability of light to penetrate all areas of the cement
and activate its photo-initiators is vital to the longevity
of light-cured resin cement; therefore, thin, translucent
restorations are recommended when using light-cured
resin cement. Light-cured resin cement has greater color
stability than chemically cured or dual-cured resin ce-
ments, and provides a convenient working time before
setting.3! Dual-cured resin cement is polymerized by both
chemical and light activation. This type of cement is in-
dicated when the restoration is thick or opaque, such that
light cannot adequately penetrate it. However, dual-cured
resin cement still requires light activation to achieve a high
degree of polymerization.333*

Restorative materials for non-
retentive indirect restorations

This review investigates dental materials commonly
used for tooth-colored bonded indirect restorations,
as shown in Fig. 4. These materials include indirect resin
composite, polymer-infiltrated ceramic network (PICN),
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Fig. 4. Scanning electron microscopy (SEM) images of different restorative materials

A - nanohybrid resin composite; B — indirect resin composite; C — polymer-infiltrated ceramic network (PICN); D — feldspathic ceramic; E - lithium disilicate

glass ceramic; F - zirconia.

feldspathic ceramic, lithium disilicate glass ceramic, and
zirconia. The retention of bonded indirect restorations
relies on adhesive bonding to the tooth structure, and
the quality of the bond is critical to a long-term success.?
Among tooth-colored bonded indirect restorative materi-
als, etchable ceramics, such as feldspathic ceramics, leu-
cite-reinforced glass ceramics and lithium disilicate glass
ceramics, provide satisfactory bond strength to the natu-
ral tooth structure.??3%3¢ However, feldspathic ceram-
ics (flexural strength of 60-70 MPa; fracture toughness
of 0.70-1.30 MPa-m*)3”38 and leucite-reinforced glass ce-
ramics (flexural strength of 107-160 MPa; fracture tough-
ness of 1.28-1.38 MPa-m*)*%0 exhibit a higher frequency
of fracture than stronger lithium disilicate glass ceramics
(flexural strength of 370—460 MPa; fracture toughness
of 2.80-3.50 MPa-m?).234142 Therefore, highly etchable
lithium disilicate glass ceramics are recommended for
restoring complex posterior cavities using the bonded in-
direct technique.*?

Lithium disilicate glass ceramic

Lithium disilicate glass ceramic provides high ad-
hesive strength to the tooth structure through both
micromechanical and chemical bonding mechanisms.
Microroughness is created on the intaglio surface of this
etchable ceramic by applying 4.5% hydrofluoric acid
for 20 s.** However, aggressive treatment with either
a higher concentration or prolonged application of hy-
drofluoric acid can negatively affect mechanical per-
formance, resulting in reductions in flexural strength
and bonding potential, and can also compromise

the long-term success of the restoration, particularly
in low-thickness restorations.*>~*® After creating an ir-
regular surface, silane is applied to promote a chemical
reaction that forms strong siloxane linkages between
the silica in the ceramic and the methacrylate groups
in resin-based materials.°

Self-etching ceramic primers were developed as a single-
component alternative to the hydrofluoric acid and silane
treatment described above. The principal advantage of self-
etching ceramic primers is that they simplify the technique
and reduce technique sensitivity by decreasing the number
of clinical steps.”! The self-etching ceramic primer is ap-
plied to the intaglio surface of the glass-based ceramic
material for 20 s using an agitating microbrush, and is then
allowed to react for an additional 40 s. When the bond
strength achieved with self-etching ceramic primer treat-
ment is compared with that of the conventional procedure
(hydrofluoric acid followed by silane), the conventional
procedure provides a higher bond strength across all tested
ceramic types, including leucite-based ceramic, lithium
disilicate glass ceramic, zirconia-reinforced lithium dis-
ilicate glass ceramic, and hybrid ceramic.5? In addition,
the bond strength of the materials treated with the self-
etching ceramic primer decreases significantly after simu-
lated aging.52>3

The currently available lithium disilicate glass ceramics
have different crystal structures. Rod-shaped and plate-
let-shaped crystals are common characteristics, but each
material contains a different proportion of these 2 crystal
morphologies.>* After heat treatment, lithium disilicate
glass ceramic exhibits reduced porosity and increased den-
sity due to the tight interlocking of the disilicate crystals.
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The mismatch in thermal expansion coefficients between
the lithium disilicate crystals and the glassy matrix gen-
erates compressive stress around the crystals, thereby
impeding subsequent crack propagation within the ma-
terial.*2 Regarding friction and wear, lithium disilicate
glass ceramic has abrasiveness similar to that of enamel.>®
It also exhibits excellent biocompatibility, including a fa-
vorable soft-tissue response, low plaque retention, and
good adhesion and proliferation of human epithelial cells
and gingival fibroblasts when the ceramic surfaces are
properly polished.>¢57

Indirect resin composite

Indirect resin composite restorations represent im-
provement over direct restorations in terms of physical
properties, such as hardness, wear resistance, color sta-
bility, polymerization shrinkage, and biocompatibility,
as they are subjected to heat, visible-spectrum light, vac-
uum, and pressure during fabrication (flexural strength
of 120-160 MPa; fracture toughness of 0.80—1.20 MPa-m*;
modulus of elasticity of 8.5-12.0 GPa).53%° They also
have a higher percentage of filler particles (75-92%
by weight) than direct resin composite materials (50—65%
by weight).5860:6! Although these procedures produce res-
torations that are smaller than the prepared cavities be-
cause of polymerization shrinkage, the shrinkage is still
less than that of direct resin composites. The resulting
spaces are ultimately compensated for by the cementa-
tion layer.® Indirect resin composites have lower resis-
tance to compressive stress than ceramics, but they have
greater tensile strength and better stress distribution.
Therefore, they are still used for the restoration of large
defects.®? Common indications for indirect resin com-
posites include long-term semi-permanent restorations,
such as large restorations in young patients or in teeth
undergoing orthodontic treatment.

Indirect resin composite undergoes polymerization
with a high degree of conversion, leaving few unreacted
monomers available for bonding to the adhesive resin.®®
Therefore, indirect resin composite requires mechani-
cal surface preparation. Creating a microrough surface
on the indirect resin composite by sandblasting is rec-
ommended.®* Before applying the adhesive resin, the me-
chanical bond to the microrough surface can be enhanced
by establishing a chemical bond through the application
of a silane coupling agent. The silane coupling agent binds
to the silica-based fillers in the indirect resin composite
and also increases the wettability of its surface.®

The intraoral repair of indirect resin composite restora-
tions with resin-based materials is less complicated than
the repair of ceramic restorations because of the compat-
ibility between the materials.®® The substrate, indirect resin
composite, is prepared in the same manner by sandblast-
ing, followed by a direct restoration using a dental adhesive
and a resin composite.®”

K. Wayakanon, P. Wayakanon. Indirect adhesive restorations

Hybrid ceramic

Hybrid ceramic materials are commercially available
as polymer-infiltrated ceramic networks (PICNs), con-
sisting of an 86% interconnected silicate glass-ceramic
skeleton, with leucite as the major phase and zirconia
as the minor phase, and 14% resin. Some microcracks have
been found between the different phases of this material.®’
When the fracture toughness of PICN is compared with
that of other tooth-colored restorative materials, PICN,
at 1.5 MPa-m*, has a lower fracture toughness than almost
all types of ceramics, except feldspathic ceramic, which
has a fracture toughness of approx. 1 MPa-m”. In com-
parison, lithium disilicate glass ceramic has a fracture
toughness of 2.37 MPa-m*, while zirconia has a fracture
toughness of 4.94 MPa-m”.”° Polymer-infiltrated ceramic
networks and indirect resin composites have desirable
low abrasiveness toward the opposing teeth.””2 To create
surface irregularities for bonding, the application of 4.5%
hydrofluoric acid for 60 s is recommended, as silicate glass
ceramic is the major component of PICN and forms its
framework.”

Polymer-infiltrated ceramic network has a lower elas-
tic modulus than other ceramic materials. Materials with
alow elastic modulus tend to absorb stress and distribute
it through the deformation of the restoration rather than
transferring it to the underlying resin cement and tooth
structure.”*”> These low-elastic-modulus materials have
demonstrated a higher rate of failure, such as displace-
ment or fracture. Nevertheless, they have also been shown
to protect the remaining natural tooth structure, particu-
larly against catastrophic fractures.”®””

Edge chipping is an inherent disadvantage of glass-ce-
ramic materials. The development of PICN has improved
this limitation of glass ceramics. However, the edge-chip-
ping resistance of PICN (120 N/mm) remains lower than
that of nanohybrid resin composites (275 N/mm), feld-
spathic ceramics (179 N/mm), and leucite-reinforced glass
ceramics (169 N/mm).”!

Zirconia

The zirconia used in this study was yttria-stabilized
zirconia (YSZ), a biocompatible material widely used
as a biomaterial. Yttria-stabilized zirconia can be clas-
sified according to its yttria content. Yttria stabilizes
the tetragonal phase of zirconia at room temperature,
reduces the coefficient of thermal expansion, and affects
the grain size of zirconia.”® The classification is often ex-
pressed as the mole percentage of yttria in tetragonal zir-
conia polycrystal (TZP).”#° Three-mol% yttria-stabilized
tetragonal zirconia polycrystal (3Y-TZP) is an early-devel-
oped form of YSZ with excellent mechanical properties
(flexural strength of 1,200-1,500 MPa; fracture toughness
of 3.50-4.50 MPa-m”; modulus of elasticity of 210.0 GPa),
but relatively low translucency. An increase in the yttria
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content results in the zirconia material containing both
tetragonal and cubic phases, classified as partially stabi-
lized zirconia (PSZ). Eight-mol% yttria-stabilized tetrago-
nal zirconia polycrystal (8Y-TZP) has a stable cubic phase
at room temperature, and is commonly referred to as cubic
stabilized zirconia (CSZ).7%8°

There are 3 main phases of zirconia: monoclinic at room
temperature; tetragonal above approx. 1,170°C; and cu-
bic above approx. 2,370°C. The mechanical properties
of the monoclinic phase are relatively poor, whereas
those of the tetragonal phase are superior. Incorporating
dopants, such as yttria, into the starting powder can par-
tially stabilize the tetragonal phase at room temperature,
resulting in improved strength and fracture resistance.
Under external stress, the metastable tetragonal phase
can transform back to the monoclinic phase. This stress-
induced transformation is accompanied by the expansion
of the zirconia crystals and alterations in their shape, which
generates compressive stress around the transformed re-
gions and help impede crack propagation. These changes
in the crystal structure increase the energy-absorption
capacity and resistance to damage of the material, a phe-
nomenon known as transformation toughening.8!-82

Although stabilization with yttria and transforma-
tion toughening reduce the risk of fracture in zirconia,
the material remains susceptible to an aging process
known as low-temperature degradation. The mechani-
cal properties, particularly strength, of aged zirconia
decrease as a result of the spontaneous transformation
of the tetragonal phase into the monoclinic phase. Dur-
ing usage, the zirconia lattice develops multiple oxygen
vacancies associated with the substitution of trivalent yt-
trium ions for tetravalent zirconium ions. These oxygen
vacancies facilitate the penetration of water into the zir-
conia lattice.®? The interaction with water destabilizes
the tetragonal phase and induces its transformation into
the monoclinic phase. This transformation is accom-
panied by an increase in grain volume, which generates
stress at the zirconia surface, and causes grain uplift and
the dislodgement of individual grains. Microcracks subse-
quently develop, allowing further penetration of water into
the deeper regions of the material. As the transformation
progresses into the bulk of the material, these microcracks
can propagate and eventually lead to fracture. In contrast,
the cubic phase does not undergo the same stress-induced
tetragonal-to-monoclinic transformation; therefore, zirco-
nia with a higher cubic-phase content is less susceptible
to low-temperature degradation.’48

Zirconia contains no silica in its composition, and
therefore cannot be effectively chemically etched, making
chemical adhesion alone insufficient for achieving a strong
bond.?¢ The principal method used to enhance the bond-
ing ability of zirconia is the creation of microroughness
on the intaglio surface by airborne-particle abrasion with
alumina, followed by the application of a phosphate meth-
acrylate monomer, particularly 10-methacryloyloxydecyl
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dihydrogen phosphate (MDP), to the treated surface
to promote chemical bonding.5”88 An alternative technique
is tribochemical silica coating followed by the application
of silane. However, tribochemical silica coating has been
questioned, as the silica layer formed on the surface may
be unstable over time.%®

Similar to other restorative materials bonded using ad-
hesive techniques, zirconia exhibits a higher bond strength
when bonded to tooth enamel than when bonded to den-
tin.% However, the bond strength of zirconia is significantly
lower than that of glass-based ceramics, particularly when
bonded to dentin, which constitutes much of the substrate
in complex cavities.*#99-%* Although zirconia has greater
fracture resistance than silica-based ceramics, its bond-
ing potential to dentin is limited. For minimally invasive
indirect adhesive restorations of complex cavities, tooth
preparation commonly results in a non-retentive cavity
predominantly involving dentin. Consequently, zirconia
is not recommended for non-retentive cavity preparations
that rely primarily on adhesion to dentin.

Preparation design for the bonded
indirect restorations of complex
cavities

General features of the cavity

Catastrophic fractures, whether partial or complete,
are the main cause of failure in the ceramic restorations
of posterior teeth.”> The preparation design has a signifi-
cant influence on stress distribution within the restoration
when it is subjected to occlusal loading. A proper prepa-
ration design can reduce mechanical stress, and thereby
decrease the risk of restoration fracture.”®?” Although
indirect resin composites are less brittle than ceramics,
the principles of tooth preparation are the same for both
materials.

After the removal of defects, the cavity commonly pres-
ents with intradentin undercuts and enamel that is un-
supported by dentin. Unsupported enamel is no longer
considered usable and should be removed initially to al-
low the adequate visualization of the underlying dentin
undercuts. However, all intact, sound enamel without
cracks or demineralized areas should be preserved as much
as possible, since enamel provides an excellent bonding
substrate for adhesive systems. Undercuts within the intact
dentin should be blocked out with a bondable resin com-
posite, thereby creating an appropriate path of insertion
for the restoration (Fig. 5).298-101

The most important physical feature of the prepared
cavity is that all internal edges and line angles must be
rounded. A smooth, rounded transition should be created
from the pulpal wall to the para-pulpal walls, and from
the para-pulpal walls to the approximal cavity walls. Sharp
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transitions between the cavity walls should be avoided
because, as can generate wedging forces between the ce-
ment and the restoration, potentially increasing the risk
of fracture.”®

Parallel walls are not required for adhesive bonding, since
retention is micromechanical on the surface of enamel
and dentin.”® The degree of divergence of the cavity walls
affects the susceptibility of ceramics to fracture. When
the cavity walls have a large degree of divergence, the re-
stored tooth is more vulnerable to fracture. The cavity
walls should not diverge more than 10° (Fig. 5).102

Even though the thickness of the restoration has no
substantial effect on its fracture resistance when using
the adhesive technique, the thickness of a brittle mate-
rial should not be neglected when it is used in a stress-
bearing area.!%® Different types of materials from different
manufacturers require different ideal thickness for func-
tion: lithium disilicate ceramic — 1.5 mm (min. 1.0 mm);
PICN - 1.5 mm (min. 1.0 mm); 3Y-TZP — 1.0 mm (min.
0.5 mm); 4Y-TZP and 5Y-TZP — 1.5 mm (min. 1.0 mm).
Commonly, the thinnest region of a posterior restoration
is at the fissure areas, which should have a minimum thick-
ness of 1.5 mm (Fig. 5).1% If there is insufficient clearance
space in the fissure area to receive the restoration, a round
instrument is recommended to deepen the fissure area.

Fig. 5. Tooth cavity preparation

K. Wayakanon, P. Wayakanon. Indirect adhesive restorations

It has been shown that a flat pulpal wall is not required
for adhesive restorations.?

If the preparation design involves an intracoronal cav-
ity, the width of the cavity should be at least 2.5 mm, and
the thickness of the remaining cusp should be no less than
2 mm (Fig. 5).%°> A compromised tooth, whether endodon-
tically treated or cracked, should have a thickness of the re-
maining wall of no less than 3 mm.1%>1% [f the preparation
cannot meet this requirement, the cusp of the affected
wall should be shortened. The proximal margin should
be extended without contacting the adjacent tooth. This
approach enables clear identification of the margin with
either a conventional impression or a digital scan, and fa-
cilitates the removal of excess adhesive cement and the fin-
ishing of the margin after the restoration is delivered.1%

The efficacy of the bond between the restorative material
and the remaining tooth structure is vital to the longevity
of the restoration. Phosphoric acid-etched enamel provides
significantly greater shear bond strength (50-90 MPa)
than dentin (45-70 MPa).!%8 It is recommended to preserve
as much intact enamel as possible, as it is more stable over
time than dentin.!® This is because enamel is not sub-
ject to the enzymatic degradation associated with dentin,
which is mediated by matrix metalloproteinases (MMPs)
and cysteine cathepsins (CCs).!11%111 The restoration

When restored with bondable materials, an intracoronal cavity must have a minimum width of 2.5 mm and a minimum depth of 1.5 mm. The minimum
thickness of the remaining cusp should be 2 mm. The intradentin undercuts (U) must be blocked out with a bondable resin composite, in contrast

to the non-undercut area (N), which should have a divergence (6) of approx. 10°.



Dent Med Probl. 2026;63(4):1059-1075

margins are among the most critical areas, as they are
particularly susceptible to dental caries, which is a com-
mon cause of indirect restoration failure. A non-beveled
preparation should be used at the margins of ceramic and
resin-based restorations, since adequate material thickness
contributes to their strength.!'? Therefore, a continuous
enamel margin without a bevel and a preparation margin
angle of 90° is recommended to maximize bonding ef-
fectiveness and marginal durability, thereby contributing
to the longevity of the restoration.®>%”

Margin preparation design

Placing the preparation margin on enamel is a reliable
approach for ensuring effective bonding with the dental
adhesive system. In addition to its effect on bond strength,
the marginal design influences the clinical success
of the restoration in several other ways. The preparation
margin must be sufficiently strong to withstand chew-
ing forces and sufficiently smooth to allow proper seat-
ing of the restoration, and facilitate cleaning and plaque
removal. Importantly, the restoration margin should fit
as closely as possible to the preparation finishing line
to minimize the amount of exposed cement, and thereby
reduce microleakage and the risk of secondary caries.

When the remaining wall thickness of a compromised
tooth is less than 3 mm, the cusp associated with the thin
wall should be reduced.?%>1019 Importantly, it is recom-
mended that compromised teeth, including endodonti-
cally treated and cracked teeth, have all cusps restored
and receive restorations with full occlusal coverage.!13-11>
The required restoration thickness in a reduced-cusp area
depends on the type of material used. Lithium disilicate
glass ceramics should be at least 1.5-millimeter thick,
whereas feldspathic ceramics and leucite-reinforced glass
ceramics should be at least 2-millimeter thick in reduced-
cusp areas (Fig. 6).1%

A shoulder margin preparation with a rounded internal
line angle (a radial shoulder) is recommended for resin
composite or ceramic restorations. A shoulder margin
is a common margin design that can be placed at any lo-
cation on the prepared tooth and has a width of approx.
1 mm (max. 1.5 mm). A bevel preparation (contra-bevel
preparation) is an alternative margin design for areas
of cuspal reduction when an esthetic transition between
the tooth and the restoration is desired.!’® A bevel prepa-
ration with an inclination of 45° or greater is performed
to avoid unsupported enamel and provide an adequate bulk
of the restorative material at the margin (Fig. 6).2°

The height of the axial walls determines the path of in-
sertion of the restoration, and contributes to its stability
and reliability during delivery. The height of the axial walls
has no effect on the fracture resistance of the restoration.?®
However, an axial wall height of at least 2 mm is recom-
mended for compromised teeth to strengthen the remain-
ing tooth structure by providing a ferrule effect (Fig. 6).16
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The biologically oriented preparation technique
(BOPT) was introduced because gingival recession is one
of the most common complications associated with resto-
rations in proximity to the periodontal tissues. This proce-
dure is intended to enhance periodontal tissue stability and
promote the coronal migration of the marginal gingival
tissue.!'” The technique combines tooth preparation with-
out a defined finishing line with the immediate placement
of a provisional restoration. A vertical tooth preparation
is performed to eliminate the anatomical emergence pro-
file without creating a finishing line.!® Simultaneously,
the gingival sulcus is de-epithelialized (gingitage), allow-
ing tissue regeneration.!!® The provisional restoration
must have an emergence profile that accurately mim-
ics that of the natural tooth. The immediate placement
of the provisional restoration helps preserve the biological
space, the cervical contour of the tooth, and the blood clot
formed following the de-epithelialization of the gingival
sulcus. Moreover, the provisional restoration accelerates
the tissue-healing process, allowing the surrounding tis-
sues to adapt their form and position to the new restoration
profile. The thickened gingival tissue subsequently remod-
els over time to conform to the definitive restoration.!?°

Deep margin elevation (coronal margin
relocation)

Deep margin elevation is the process of repositioning
a subgingival finishing line to a supragingival margin
by applying directly bondable restorative materials beneath
the margin of an indirect restoration.!?122 Several ben-
efits can result from deep margin elevation. For example,
it facilitates access to otherwise difficult to visualize areas
during impression taking, intraoral scanning and restora-
tion delivery.!?3-126 The deep margin elevation technique
is generally performed in conjunction with immediate
dentin sealing (IDS) in the same area to reduce marginal
leakage and enhance bond strength (Fig. 7).1%

In the deep margin elevation procedure, dental adhe-
sives and resin composite materials are used to elevate
the prepared margin by no more than 2 mm. Glycerin gel
coating is recommended during the final polymerization
step, followed by finishing and polishing. A bitewing ra-
diograph should then be taken to evaluate the quality and
adaptation of the resin composite elevation.'??

In some situations, deep margin elevation can substitute
for surgical crown lengthening, thereby avoiding poten-
tial anatomical complications, such as furcation expo-
sure or the loss of periodontal attachment.!?® However,
the decision to use deep margin elevation as an alterna-
tive depends on the individual patient, as the invasion
of the biological width has also been reported following
this procedure.'?>!30 Surgical crown lengthening is gen-
erally required when the distance between the restora-
tion margin and the alveolar bone crest is less than 2 mm.
When this distance is greater than 2 mm, deep margin
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Fig. 6. Various margin preparation designs

A1-A4 - shoulder margin; B1-B4 — contra-bevel margin; C1-C4 — wrap-around-shoulder margin.

For the contra-bevel margin, the inclination (6) of the bevel preparation should be at least 45° to prevent unsupported enamel and provide an adequate
bulk of the restorative material at the margin. Wrapping the shoulder margin around the tooth creates an axial wall. The height of this axial wall (H)
contributes to restoration stability, establishes the path of insertion and functions as a ferrule (M — mesial surface; D — distal surface; B - buccal surface;

L - lingual surface).
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Fig. 7. Immediate dentin sealing (IDS)

The IDS procedure is recommended for all freshly cut dentin. A difficult-
to-access subgingival area can be managed with the deep margin
elevation procedure during IDS, using the same adhesive system.

A flowable resin composite can also be applied over the IDS adhesive
to block small undercuts and enhance the integrity of the adhesive
interface through its hydrophobic properties.

elevation can be performed, as sufficient space remains
to preserve connective tissue attachment. When the dis-
tance is less than this threshold, surgical crown length-
ening is required to create adequate space for connective
tissue attachment.!3!

Even conservative treatment using an adhesive restora-
tion can sometimes require a preparation with a subgin-
gival margin extending onto the root dentin. This is be-
cause the proximal margin is frequently located beyond
the cementoenamel junction (CEJ) as a result of exten-
sive dental caries. This location can make the restora-
tion preparation and cementation procedures difficult,
so deep margin elevation is commonly recommended
in such circumstances (Fig. 7). However, this area lacks
enamel, and dentin and cementum do not provide bond-
ing as effectively as enamel 190122132 Thys, although many
studies have found no difference in the overall marginal
integrity of restorations with or without deep margin el-
evation, some studies have demonstrated more favorable
outcomes with deep margin elevation in other aspects,
such as sealing ability, bond strength and fracture resis-
tance.24-126133-138 Cyrrently, there is insufficient evidence
to support the routine use of this technique, since its clini-
cal outcomes can be unpredictable. Nevertheless, deep
margin elevation can be a useful alternative when surgical
crown lengthening is contraindicated or presents anatomi-
cal challenges, such as furcation involvement, root proxim-
ity or root concavity.!*

Immediate dentin sealing
The traditional procedure for indirect restorations re-

quires at least 2 appointments. During the 1 appoint-
ment, the tooth is prepared, followed by an immediate
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conventional impression or digital scan, and temporary
luting of a provisional restoration. During the 2"¢ appoint-
ment, the definitive restoration is cemented onto the tooth.
Specifically, the adhesive resin used during the cemen-
tation procedure is applied to dentin that is no longer
freshly cut, as the freshly cut dentin was exposed to both
the impression material and the temporary luting cement
during the 1% appointment. This process is therefore re-
ferred to as delayed dentin sealing (DDS).10-142 Residues
from the impression material and the temporary luting
cement can remain on the dentin surface and infiltrate
the dentinal tubules. This can interfere with hybridization
by the adhesive resin and reduce bond strength.14?

The IDS procedure involves applying an adhesive resin
to freshly cut dentin immediately after tooth preparation
(Fig. 7). Although a wide variety of adhesive systems can be
used for IDS, only three-step etch-and-rinse and two-step
self-etch adhesive systems have been shown to improve
the bond strength between freshly cut dentin and the res-
toration by creating a stable hybrid layer.!*1%3 In contrast,
when two-step etch-and-rinse or one-step self-etch adhe-
sive systems are used for IDS, they do not provide advan-
tages over the DDS technique.** Ideally, the adhesive resin
should bond to the uncontaminated dentin to create an ef-
fective hybrid layer.!*3145 The IDS procedure allows the ad-
hesive resin to penetrate deeply into dentin and polymerize
before cementation, resulting in a well-developed hybrid
layer. This differs from conventional adhesive cementation,
in which the adhesive resin is applied when the restora-
tion is seated to avoid incomplete seating of the restora-
tion.}*¢!%” During seating, pressure can cause the collagen
fibers within dentin to collapse, resulting in an imper-
fect hybrid layer and a lower bond strength as compared
to the separate polymerization of the adhesive resin and
the resin cement.*8-15! A well-developed hybrid layer can
protect against bacterial infiltration and dentin sensitiv-
ity while enhancing bond strength 142152153 Effective IDS
can also reduce microleakage through the gaps between
dentin and the restoration, and promote better adaptation
of the restoration to dentin.14>148:15¢

Either a three-step etch-and-rinse adhesive system
or a two-step self-etch adhesive system is recommended
for IDS. Moreover, an adhesive resin containing fill-
ers provides a uniform film thickness of approx. 88 pm,
which is advantageous for creating a high-quality hybrid
layer.!® If an unfilled adhesive resin must be used, a flow-
able resin composite is particularly recommended. When
a flowable resin composite is applied over the thin film
of an adhesive resin, the hydrophobic properties of both
resins improve the integrity of the adhesive interface and
make it more receptive to resin cement, particularly chem-
ical- or dual-cured cements, thereby avoiding adhesion
incompatibility.1¢

When performing IDS, the adhesive resin must un-
dergo a second polymerization under glycerin gel, which
functions as an air-blocking agent, and thereby reduces
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the oxygen-inhibited layer. This step is followed by rins-
ing with an air-water spray. Importantly, any excess adhe-
sive resin on enamel should be removed with a dental bur
to complete the IDS procedure.*® Although glycerin is used
to reduce the thickness of the oxygen-inhibited layer, an ap-
prox. 40-micrometer layer can still remain on the sur-
face.l’”1>8 The hydrophilic monomer hydroxyethyl meth-
acrylate (HEMA), which is a component of adhesive resins,
is also present in the oxygen-inhibited layer. This can cause
the residual inhibition of the polymerization of elastomeric
impression materials.!® The platinum salt that functions
as the polymerization catalyst in vinyl polysiloxane can be
scavenged by and react with the oxygen-inhibited layer,
resulting in the inhibition of vinyl polysiloxane polym-
erization.!®® Polyether impression materials, which are
hydrophilic and have greater stiffness and lower tear re-
sistance than vinyl polysiloxane, contain cationic initiators
that can react with monomer free radicals in the oxygen-
inhibited layer. This can result in ionic copolymerization,
allowing the superficial surface of the polyether to adhere
to the adhesive resin surface and causing the superficial
layer of the impression to tear easily during removal.!>

The oxygen-inhibited layer of IDS can also affect the pro-
visional restoration. The resin-based materials used for
the provisional restoration can bond to the adhesive resin
of IDS during fabrication through the oxygen-inhibited
layer.'® Therefore, the oxygen-inhibited layer should be
removed with either pumice or ethanol before taking
the impression and fabricating the bis-acryl provisional
restoration under a heavy separating medium.!16!

At the appointment for the delivery of the definitive res-
toration, the cavity surface should be air-abraded,'* after
which the appropriate adhesive technique for the resin ce-
ment can be performed. It is important to note that various
adhesives used for IDS and/or definitive cementation may
contain acidic monomers, and the interactions between
different acidic monomers can affect bond strength. For
example, a low shear bond strength has been reported
when phosphate methacrylate interacts with carboxylic
methacrylate.!%2 Even when 2 adhesives contain phosphate
methacrylate monomers, the bond strength between them
can be low, since they contain different types of phosphate
functional monomers.'®> To avoid compromised bond
strength caused by the interactions between acidic mono-
mers, the safest approach is to avoid combining different
types of acidic monomers.'°> When two adhesives contain
the same acidic monomer, this interaction is not a concern.

Durability of the bonded indirect
restorations of complex cavities

The fracture resistance of a large complex cavity is sig-
nificantly reduced by the loss of a substantial portion
of the tooth structure. After the placement of a bonded
restoration, the fracture resistance substantially increases.?
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Although a bonded restoration can reinforce the remain-
ing tooth structure, the durability of the adhesive bond re-
mains a concern. The flexure of the tooth during chewing
contributes to the mechanical degradation of the adhesive
interface, which occurs in combination with hydrolytic and
enzymatic degradation.'®® The subsequent loss of adhesion,
marginal leakage, and an increased flexure of the cavity
walls can ultimately lead to the fracture of the remaining
tooth structure.’®* Although the bond strength to enamel
is greater and more reliable than that to dentin, the fatigue
resistance of the enamel bond is substantially lower than
that of the dentin bond.'*4-1%6 Enamel fatigue failure often
initiates and propagates within enamel as a crack, without
adhesive failure, in the form of enamel cohesive failure.1%*

The fracture of an etchable ceramic restoration used
as a bonded indirect restoration in a complex cavity
is a particular concern in patients who clench or grind
their teeth (bruxism). The failure rate of lithium disilicate
glass ceramic restorations in patients with bruxism has
been found to be not significantly different from that in pa-
tients without bruxism. However, feldspathic ceramics and
leucite-reinforced glass ceramics have been associated with
higher failure rates in patients with bruxism.167-16°

The thickness of lithium disilicate glass ceramic restora-
tions affects the tensile stress distribution within the resto-
ration. Thin restorations develop higher tensile stress, which
increases their risk of fracture.!”® The thickness of the ce-
ment layer also influences stress at the adhesive interface.
As cement layer thickness increases, greater stress is gener-
ated at the adhesive interface as a result of the polymeriza-
tion shrinkage of the adhesive resin cement.'”* Thus, both
the thickness of the restoration and the thickness of the ce-
ment layer can influence the longevity of the restoration.

The degree of conversion of the adhesive resin cement
is another important factor that should be considered.
The effects of the translucency and thickness of lithium
disilicate glass ceramic restorations on the degree of con-
version of light-cured adhesive resin cement have been in-
vestigated. The translucency of the restorations had no sig-
nificant effect on the degree of conversion, whereas lithium
disilicate glass ceramic restorations thicker than 1 mm sig-
nificantly reduced the degree of conversion of the adhesive
resin cement.!”? Since posterior restorations made of lith-
ium disilicate glass ceramic generally require a minimum
thickness of 1.5 mm,??>!73 dual-cured or chemically cured
adhesive resin cement is recommended instead of light-
cured resin cement. In this way, adequate polymerization
can be achieved despite the thickness of the restoration.

Conclusions

Minimally invasive indirect adhesive restoration
is a conservative procedure for reconstructing large areas
of destroyed natural tooth structure. This technique is rec-
ommended for complex cavities that are difficult to restore
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directly with conventional fillings. Since the technique
allows the intact natural tooth structure to be preserved
as much as possible, the cavity is prepared in a non-re-
tentive form and does not require the creation of a major
mechanical retentive form.

Ethics approval and consent to participate

Not applicable.

Data availability

All the data generated and/or analyzed during this study

are included in this published article.

Consent for publication

Not applicable.

Use of Al and Al-assisted technologies

Not applicable.

ORCID iDs

Kornchanok Wayakanon
Praween Wayakanon

https://orcid.org/0000-0001-8120-4950
https://orcid.org/0000-0002-2078-3685

References

1.

Wayakanon K. Partially coverage restoration: An esthetically conser-
vative treatment for a complex cavity restoration. Open J Stomatol.
2017;7(4):234-241. d0i:10.4236/0jst.2017.74017

Thainimit I, Totiam P, Wayakanon K. Fracture resistance of remain-
ing buccal cusps in maxillary premolar ceramic onlay restorations.
Oper Dent. 2019;45(4):624-631. d0i:10.2341/19-251-L

Summitt JB, Robbins JW, Hilton TJ, Schwartz RS, eds. Fundamentals
of Operative Dentistry: A Contemporary Approach. 3' ed. Batavia, IL:
Quintessence Publishing; 2006.

Totou D, Naka O, Mehta SB, Baner;ji S. Esthetic, mechanical, and bio-
logical outcomes of various implant abutments for single-tooth
replacement in the anterior region: A systematic review of the litera-
ture. IntJ Implant Dent. 2021;7(1):85. d0i:10.1186/s40729-021-00370-7
Mahoney E, Holt A, Swain M, Kilpatrick N. The hardness and modu-
lus of elasticity of primary molar teeth: An ultra-micro-indentation
study.J Dent. 2000;28(8):589-594. d0i:10.1016/s0300-5712(00)00043-9
Chun K, Choi H, Lee J. Comparison of mechanical property and role
between enamel and dentin in the human teeth. J Dent Biomech.
2014;5:1758736014520809. doi:10.1177/1758736014520809

Robbins JW, Burgess JO, Summitt JB. Retention and resistance fea-
tures for complex amalgam restorations. J Am Dent Assoc. 1989;
118(4):437-442. doi:10.14219/jada.archive.1989.0189

Deshpande SR, Gaddalay SL, Damade YN, Khanvilkar UD, Chaudhari AS,
Anala V. Reinforcing the cervical dentin with bonded materials
to improve fracture resistance of endodontically treated roots.
J Conserv Dent. 2022;25(2):179-184. d0i:10.4103/jcd.jcd_609_21
Arola D, Galles LA, Sarubin MF. A comparison of the mechanical
behavior of posterior teeth with amalgam and composite MOD res-
torations. JDent.2001;29(1):63-73.d0i:10.1016/s0300-5712(00)00036-1

. Vaidyanathan TK, Vaidyanathan J. Recent advances in the theory and

mechanism of adhesive resin bonding to dentin: A critical review.
JBiomed Mater Res B Appl Biomater. 2009;88(2):558-578. doi:10.1002/
jbm.b.31253

. Watts DC, El Mowafy OM, Grant AA. Fracture resistance of lower

molars with Class 1 composite and amalgam restorations. Dent Mater.
1987;3(5):261-264. doi:10.1016/S0109-5641(87)80084-2

15.

17.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

1071

. Kochotwuttinont S, Wayakanon K. Evaluating the failure of resin-

based materials on the proximal cervical dentin. Open Dent J. 2020;
14:631-640. doi:10.2174/1874210602014010631

. Wood D, Hill R. Structure-property relationships in ionomer glasses.

Clin Mater. 1991;7(4):301-312. doi:10.1016/0267-6605(91)90074-P

. Beech DR. Improvement in the adhesion of polyacrylate cements

to human dentine. Br Dent J. 1973;135(10):442-445. doi:10.1038/sj.
bdj.4803103

Ngo HC, Mount G, Mc Intyre J, Tuisuva J, Von Doussa RJ. Chemical
exchange between glass-ionomer restorations and residual cari-
ous dentine in permanent molars: An in vivo study. J Dent. 2006;
34(8):608-613. d0i:10.1016/j.jdent.2005.12.012

. Buonocore MG, Matsui A, Gwinnett AJ. Penetration of resin dental

materials into enamel surfaces with reference to bonding. Arch Oral Biol.
1968;13(1):61-70. doi:10.1016/0003-9969(68)90037-x

Fennis WM, Kujis RH, Roeters FJ, Creugers NH, Kreulen CM. Random-
ized control trial of composite cuspal restorations: Five-year results.
J Dent Res. 2014;93(1):36-41. doi:10.1177/0022034513510946

. Laegreid T, Gjerdet NR, Johansson AK. Extensive composite molar

restorations: 3 years clinical evaluation. Acta Odontol Scand. 2012;
70(4):344-352. d0i:10.3109/00016357.2011.603355

. Scholtanus JD, Ozcan M. Clinical longevity of extensive direct compos-

ite restorations in amalgam replacement: Up to 3.5 years follow-up.
J Dent. 2014;42(11):1404-1410. d0i:10.1016/j.jdent.2014.06.008
Opdam NJ, Van de Sande FH, Bronkhorst E, et al. Longevity of poste-
rior composite restorations: A systematic review and meta-analysis.
J Dent Res. 2014;93(10):943-949. doi:10.1177/0022034514544217
Van de Sande FH, Opdam NJ, Da Rosa Rodolpho PA, Correa MB,
Demarco FF, Cenci MS. Patient risk factors’ influence on surviv-
al of posterior composites. J Dent Res. 2013;92(7 Suppl):785-83S.
doi:10.1177/0022034513484337

BelliR, Petschelt A, Hofner B, Hajté J, Scherrer SS, Lohbauer U. Fracture
rates and lifetime estimations of CAD/CAM all-ceramic restorations.
J Dent Res. 2016;95(1):67-73. doi:10.1177/0022034515608187

Beier US, Kapferer |, Burtscher D, Giesinger JM, Dumfahrt H. Clinical
performance of all-ceramic inlay and onlay restorations in posterior
teeth. Int J Prosthodont. 2012;25(4):395-402. PMID:22720292.
Federlin M, Hiller KA, Schmalz G. Controlled, prospective clinical split-
mouth study of cast gold vs. ceramic partial crowns: 5.5 year results.
Am J Dent. 2010;23(3):161-167. PMID:20718214.

Channarong W, Lohawiboonkij N, Jaleyasuthumkul P, Ketpan K,
Duangrattanaprathip N, Wayakanon K. Fracture resistance of bond-
ed ceramic overlay restorations prepared in various designs. Sci Rep.
2022;12(1):16599-16608. doi:10.1038/541598-022-21167-7
Yamamoto T, Nakamura Y, Nishide A, Kubota Y, Momoi Y. Contrac-
tion stresses in direct and indirect composite restorations compared
by crack analysis. J Adhes Dent. 2013;15(1):47-54. doi:10.3290/j jad.
a28171

Van Dijken JW, Hasselrot L, Ormin A, Olofsson AL. Restorations with
extensive dentin/enamel-bonded ceramic coverage. A 5-year fol-
low-up. Eur J Oral Sci. 2001;109(4):222-229. doi:10.1034/j.1600-0722.
2001.00063.x

Bremer BD, Geurtsen W. Molar fracture resistance after adhesive res-
toration with ceramic inlays or resin-based composites. Am J Dent.
2001;14(4):216-220. PMID:11699740.

Bustamante-Hernandez N, Montiel-Company JM, Bellot-Arcis C, et al.
Clinical behavior of ceramic, hybrid and composite onlays. A system-
atic review and meta-analysis. Int J Environ Res Public Health. 2020;
17(20):7582. doi:10.3390/ijerph17207582

Ferracane JL, Stansbury JW, Burke FJ. Self-adhesive resin cements
- chemistry, properties and clinical considerations. J Oral Rehabil.
2011;38(4):295-314. d0i:10.1111/j.1365-2842.2010.02148.x

Simon JF, Darnell LA. Considerations for proper selection of dental
cements. Compend Contin Educ Dent. 2012;33(1):28-38. PMID:22432174.
Burgess JO, Ghuman T, Cakir D. Self-adhesive resin cements. J Esthet
Restor Dent. 2010;22(6):412-419. doi:10.1111/j.1708-8240.2010.00378.x
Hasegawa EA, Boyer DB, Chan DC. Hardening of dual-cured cements
under composite resin inlays. J Prosthet Dent. 1991,66(2):187-192.
doi:10.1016/50022-3913(05)80046-0

El-Badrawy WA, EI-Mowafy OM. Chemical versus dual curing of resin
inlay cements. J Prosthet Dent. 1995;73(6):515-524. d0i:10.1016/s0022-
3913(05)80109-x



1072

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Tian T, Tsoi JKH, Matinlinna JP, Burrow MF. Aspects of bonding between
resin luting cements and glass ceramic materials. Dent Mater. 2014;
30(7):e147-e162. doi:10.1016/j.dental.2014.01.017

Clausen JO, Tara MA, Kern M. Dynamic fatigue and fracture resis-
tance of non-retentive all-ceramic full-coverage molar restorations.
Influence of ceramic material and preparation design. Dent Mater.
2010;26(6):533-538. doi:10.1016/j.dental.2010.01.011

Giordano 2nd RA, Campbell S, Pober R. Flexural strength of feld-
spathic porcelain treated with ion exchange, overglaze, and pol-
ishing. J Prosthet Dent. 1994;71(5):468-472. doi:10.1016/0022-3913
(94)90184-8

Ghiaz K, Vasanthakumar, Kamalanathan D, et al. Evaluation of hard-
ness and fracture toughness of feldspathic porcelain by various sur-
face finishing techniques. J Clin Diagn Res. 2022;16(6):2C01-ZC07.
doi:10.7860/JCDR/2022/53002.16469

Cattell MJ, Chadwick TC, Knowles JC, Clarke RL, Lynch E. Flexural
strength optimisation of a leucite reinforced glass ceramic. Dent Mater.
2001;17(1):21-33. doi:10.1016/s0109-5641(00)00046-4

Byeon SM, Song JJ. Mechanical properties and microstructure of the leu-
cite-reinforced glass-ceramics for dental CAD/CAM. J Dent Hyg Sci.
2018;18(1):42-49. doi:10.17135/jdhs.2018.18.1.42

Morimoto S, Rebello de Sampaio FB, Braga MM, Sesma N, Ozcan M.
Survival rate of resin and ceramic inlays, onlays, and overlays: A sys-
tematic review and meta-analysis. J Dent Res. 2016;95(9):985-994.
doi:10.1177/0022034516652848

Zarone F, Di Mauro M, Ausiello P, Ruggiero G, Sorrentino R. Current status
on lithium disilicate and zirconia: A narrative review. BMC Oral Health.
2019;19(1):134. d0i:10.1186/512903-019-0838-x

Luciano M, Francesca Z, Michela S, Tommaso M, Massimo A. Lithi-
um disilicate posterior overlays: Clinical and biomechanical features.
Clin Oral Investig. 2020;24(2):841-848. d0i:10.1007/s00784-019-02972-3
Malysa A, Wezgowiec J, Orzeszek S, Florjanski W, Zietek M, Wieck-
iewicz M. Effect of different surface treatment methods on bond
strength of dental ceramics to dental hard tissues: A systematic review.
Molecules. 2021;26(5):1223. doi:10.3390/molecules26051223
Murillo-GémezF, Palma-Dibb RG, De Goes MF. Effect of acid etching
on tridimensional microstructure of etchable CAD/CAM materials.
Dent Mater. 2018;34(6):944-955. doi:10.1016/j.dental.2018.03.013
Bajraktarova-Valijakova E, Grozdanov A, Guguvcevski L, et al. Acid
etching as surface treatment method for luting of glass-ceramic resto-
rations, part 1: Acids, application protocol and etching effectiveness.
Open Access Maced J Med Sci. 2018;6(3):568-573. doi:10.3889/0am-
jms.2018.147

Prochnow C, Venturini AB, Guilardi LF, et al. Hydrofluoric acid concen-
trations: Effect on the cyclic load-to-failure of machined lithium dis-
ilicate restorations. Dent Mater. 2018;34(9):e255-e263. doi:10.1016/j.
dental.2018.06.028

Sundfeld D, Muniz Palialol AR, Piovesan Fugolin AP, et al. The effect
of hydrofluoric acid and resin cement formulation on the bond
strength to lithium disilicate ceramic. Braz Oral Res. 2018;32:e43.
doi:10.1590/1807-3107bor-2018.vol32.0043

Swank HM, Motyka NC, Bailey CW, Vandewalle KS. Bond strength
of resin cement to ceramic with simplified primers and pretreat-
ment solutions. Gen Dent. 2018;66(5):33-37. PMID:30188854.

Neis CA, Guimaraes Albuquerque NL, De Souza Albuquerque, et al.
Surface treatments for repair of feldspathic, leucite - and lithium dis-
ilicate-reinforced glass ceramics using composite resin. Braz Dent J.
2015;26(2):152-155. doi:10.1590/0103-6440201302447
El-Damanhoury HM, Gaintantzopoulou MD. Self-etching ceramic
primer versus hydrofluoric acid etching: Etching efficacy and bond-
ing performance. J Prosthodont Res. 2018;62(1):75-83. doi:10.1016/j.
jpor.2017.06.002

Tribst JPM, Diamantino PJS, De Freitas MR, et al. Effect of active
application of self-etching ceramic primer on the long-term bond
strength of different dental CAD/CAM materials. J Clin Exp Dent. 2021;
13(11):e1089-e1095. d0i:10.4317/jced.58723

Donmez MB, Okutan Y, Yucel MT. Effect of prolonged application
of single-step self-etching primer and hydrofluoric acid on the sur-
face roughness and shear bond strength of CAD/CAM materials.
Eur J Oral Sci. 2020;128(6):542-549. doi:10.1111/e0s.12747

Li D, Guo JW, Wang XS, Zhang SF, He L. Effects of crystal size on
the mechanical properties of a lithium disilicate glass-ceramic.
Mater Sci Eng A. 2016;669:332-339. d0i:10.1016/j.msea.2016.05.068

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

K. Wayakanon, P. Wayakanon. Indirect adhesive restorations

Lee A, Swain M, He L, Lyons K. Wear behavior of human enamel against
lithium disilicate glass ceramic and type Ill gold. J Prosthet Dent.
2014;112(6):1399-1405. doi:10.1016/j.prosdent.2014.08.002

Forster A, Ungvari K, Gydrgyey A, Kukovecz A, Turzé K, Nagy K. Human
epithelial tissue culture study on restorative materials. J Dent. 2014;
42(1):7-14. doi:10.1016/j.jdent.2013.11.008

Tete S, Zizzari VL, Borelli B, et al. Proliferation and adhesion capabili-
ty of human gingival fibroblasts onto zirconia, lithium disilicate and
feldspathic veneering ceramic in vitro. Dent Mater J. 2014;33(1):7-15.
doi:10.4012/dm;j.2013-185

Nandini S. Indirect resin composites. J Conserv Dent. 2010;13(4):184-
194. doi:10.4103/0972-0707.73377

Quinn JB, Quinn GD. Material properties and fractography of an indi-
rect dental resin composite. Dent Mater. 2010;26(6):589-599. d0i:10.1016
/j.dental.2010.02.008

Fahi Jr. N, Ritter AV. Composite veneers: The direct-indirect technique
revisited. J Esthet Restor Dent. 2021;33(1):7-19. d0i:10.1111/jerd.12696
Alzraikat H, Burrow MF, Maghaireh GA, Taha NA. Nanofilled resin
composite properties and clinical performance: A review. Oper Dent.
2018;43(4):E173-E190. d0i:10.2341/17-208-T

Huth KC, Chen HY, Mehl A, Hickel R, Manhart J. Clinical study of indi-
rect composite resin inlays in posterior stress-bearing cavities placed
by dental students: Results after 4 years. J Dent. 2011;39(7):478-488.
doi:10.1016/j.jdent.2011.04.005

Bagis YH, Rueggeberg FA. The effect of post-cure heating on residu-
al, unreacted monomer in a commercial resin composite. Dent Mater.
2000;16(4):244-247. doi:10.1016/s0109-5641(00)00006-3

Spitznagel FA, Horvath SD, Guess PC, Blats MB. Resin bond to indirect
composite and new ceramic/polymer materials: A review of the liter-
ature.J Esthet Restor Dent. 2014;26(6):382-393. d0i:10.1111/jerd.12100
D'Arcangelo C, Vanini L. Effect of three surface treatments on the adhe-
sive properties of indirect composite restorations. J Adhes Dent.
2007;9(3):319-326. PMID:17655072.

Bayraktar Y, Arslan M, Demirtag Z. Repair bond strength and surface
topography of resin-ceramic and ceramic restorative blocks treated
by laser and conventional surface treatments. Microsc Res Tech. 2021;
84(6):1145-1154. d0i:10.1002/jemt.23672

Sismanoglu S, Yildirim-Bilmez Z, Erten-Taysi A, Ercal P. Influence
of different surface treatments and universal adhesives on the repair
of CAD-CAM composite resins: An in vitro study. J Prosthet Dent. 2020;
124(2):238.€1-238.e9. d0i:10.1016/j.prosdent.2020.02.029

Tatar N, Ural C. Repair success of two innovative hybrid materials
as a function of different surface treatments. Int J Prosthodent. 2018;
31(3):267-270. doi:10.11607/ijp.5581

Della Bona A, Corazza PH, Zhang Y. Characterization of a polymer-
infiltrated ceramic-network material. Dent Mater. 2014;30(5):564-569.
doi:10.1016/j.dental.2014.02.019

Coldea A, Swain MV, Thiel N. In-vitro strength degradation of dental
ceramics and novel PICN material by sharp indentation.JMech Behav
Biomed Mater. 2013;26:34-42. d0i:10.1016/j.jmbbm.2013.05.004
Argyrou R, Thompson GA, Cho SH, Berzins DW. Edge chipping resis-
tance and flexural strength of polymer infiltrated ceramic network
and resin nanoceramic restorative materials. J Prosthet Dent. 2016;
116(3):397-403. doi:10.1016/j.prosdent.2016.02.014

Coldea A, Fischer J, Swain MV, Thiel N. Damage tolerance of indirect
restorative materials (including PICN) after simulated bur adjust-
ments. Dent Mater. 2015;31(6):684—694. doi:10.1016/j.dental.2015.
03.007

Fouquet V, Lachard F, Abdel-Gawad S, Dursun E, Attal JP, Francois P.
Shear bond strength of a direct resin composite to CAD-CAM com-
posite blocks: Relative contribution of micromechanical and chemi-
cal block surface treatment. Materials (Basel). 2022;15(14):5018-5033.
doi:10.3390/ma15145018

Dejak B, Mtotkowski A, Romanowicz M. Finite element analysis
of stresses in molars during clenching and mastication. J Prosthet Dent.
2003;90(6):591-597. doi:10.1016/j.prosdent.2003.08.009

Magne P, Belser UC. Porcelain versus composite inlays/onlays:
Effects of mechanical loads on stress distribution, adhesion, and
crown flexure. Int J Periodontics Restorative Dent. 2003;23(6):543-555.
PMID:14703758.

Magne P.Virtual prototyping of adhesively restored, endodontically
treated molars. J Prosthet Dent. 2010;103(6):343-351. doi:10.1016/
$0022-3913(10)60074-1



Dent Med Probl. 2026;63(4):1059-1075

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

De Carvalho Ramos N, Bastos Campos TM, De La Paz IS, et al. Micro-
structure characterization and SCG of newly engineered dental
ceramics. Dent Mater. 2016,;32(7):870-878. d0i:10.1016/j.dental.2016.
03.018

Zhang Y, Lawn BR. Novel zirconia materials in dentistry. J Dent Res.
2018;97(2):140-147. doi:10.1177/0022034517737483

Miyazaki T, Nakamura T, Matsumura H, Ban S, Kobayashi T. Current
status of zirconia restoration. J Prosthodont Res. 2013;57(4):236-261.
doi:10.1016/j.jpor.2013.09.001

Calvache Arcila LV, De Carvalho Ramos N, Bastos Campos TM, et al.
Mechanical behavior and microstructural characterization of differ-
ent zirconia polycrystals in different thicknesses. J Adv Prosthodont.
2021;13(6):385-395. doi:10.4047/jap.2021.13.6.385

Van Meerbeek B, Yoshihara K, Yoshida Y, Mine A, De Munck J, Van
Landuyt KL. State of the art of self-etch adhesives. Dent Mater. 2011;
27(1):17-28. doi:10.1016/j.dental.2010.10.023

Kelly JR, Denry |. Stabilized zirconia as a structural ceramic:
An overview. Dent Mater. 2008;24(3):289-298. doi:10.1016/j.dental.
2007.05.005

Chevalier J, Gremillard L, Deville S. Low-temperature degradation of
zirconia and implications for biomedical implants. Annu Rev Mater Res.
2007;37:1-32. d0i:10.1146/annurev.matsci.37.052506.084250
Lawson S. Environmental degradation of zirconia ceramics. J Eur
Ceram Soc. 1995;15(6):485-502. doi:10.1016/0955-2219(95)00035-S
Deville S, Chevalier J, Gremillard L. Influence of surface finish and resid-
ual stresses on the ageing sensitivity of biomedical grade zirconia.
Biomaterials. 2006;27(10):2186-2192. d0i:10.1016/j.biomaterials.2005.
11.021

Rinke S, Fischer C. Range of indications for translucent zirconia modi-
fications: Clinical and technical aspects. Quintessence Int. 2013;44(8):
557-566. doi:10.3290/j.qi.a29937

Kern M. Bonding to oxide ceramics — laboratory testing versus clini-
cal outcome. Dent Mater. 2015;31(1):8-14. doi:10.1016/j.dental.2014.
06.007

Quigley NP, Loo DSS, Choy C, Ha WN. Clinical efficacy of methods
for bonding to zirconia: A systematic review. J Prosthet Dent. 2021;
125(2):231-240. doi:10.1016/j.prosdent.2019.12.017

Al-Zordk W, Ali Al. Retention strength of zirconia occlusal veneer
restoration. Effect of dental bonding surface and cement type.
Int J Exthet Dent. 2023;18(3):292-308. PMID:37462381.

Sagen MA, Vos L, Dahl JE, Rgnold HJ. Shear bond strength of resin
bonded zirconia and lithium disilicate - effect of surface treatment
of ceramics and dentin. Biomater Investig Dent. 2022;9(1):10-19.
doi:10.1080/26415275.2022.2038177

El Zayat SA, Younis JF, Wahsh MM. Bond strength of translucent zir-
conia and lithium-disilicate glass ceramic to dentin using different
surface treatments. Int J Dent Oral Health. 2020;6(2).

Mohamed M, Farghaly E. Comparison of the shear bond strength
of translucent zirconia and lithium disilicate ceramic following imme-
diate dentin sealing. Egypt Dent J. 2022;68(2):1713-1720. d0i:10.21608/
edj.2022.122023.1984

Akar T, Diindar A, Kirmali O, et al. Evaluation of the shear bond
strength of zirconia to a self-adhesive resin cement after different sur-
face treatment [published online as ahead of print on December 31,
2021]. Dent Med Probl. doi:10.17219/dmp/135652

Sarmento HR, Campos F, Sousa RS, et al. Influence of air-particle
deposition protocols on the surface topography and adhesion
of resin cement to zirconia. Acta Odontol Scand. 2014;72(5):346-353.
doi:10.3109/00016357.2013.837958

Ahlers MO, Morig G, Blunck U, Hajto J, Probster L, Frankenberger R.
Guidelines for the preparation of CAD/CAM ceramic inlays and par-
tial crowns. Int J Comput Dent. 2009;12(4):309-325. PMID:20108869.
Arnetzl GV, Arnetzl G. Biomechanical examination of inlay geome-
tries — is there a basic biomechanical principle? Int J Comput Dent.
2009;12(2):119-130. PMID:19413268.

Arnetzl GV, Arnetzl G. Design of preparations for all-ceramic inlay
materials. Int J Comput Dent. 2006;9(4):289-298. PMID:17343243.
Otto T. Up to 27-years clinical long-term results of chairside Cerec 1
CAD/CAM inlays and onlays. Int J Comput Dent. 2017;20(3):315-329.
PMID:28852748.

Swift Jr. EJ, Perdigao J, Heymann HO. Bonding to enamel and dentin:
A brief history and state of the art, 1995. Quintessence Int. 1995;26(2):
95-110. PMID:7568728.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

1.

112.

113.

114.

115.

116.

7.

118.

119.

120.

1073

Cardoso MV, De Almeida Neves A, Mine A, et al. Current aspects
on bonding effectiveness and stability in adhesive dentistry.
AustDent J.2011;56(Suppl 1):31-44.doi:10.1111/j.1834-7819.2011.01294.x
Van Meerbeek B, De Munck J, Yoshida Y, et al. Buonocore memorial
lecture. Adhesion to enamel and dentin: Current status and future
challenges. Oper Dent. 2003;28(3):215-235. PMID:12760693.
Esquivel-Upshaw JF, Anusavice KJ, Yang MC, Lee RB. Fracture resis-
tance of all-ceramic and metal-ceramic inlays. Int J Prosthodont.
2001;14(2):109-114. PMID:11843445.

Bakeman EM, Rego N, Chaiyubutr Y, Kois JC. Influence of ceramic
thickness and ceramic materials on fracture resistance of poste-
rior partial coverage restorations. Oper Dent. 2015;40(2):211-217.
doi:10.2341/12-459-L

Banks RG. Conservative posterior ceramic restorations: A litera-
ture review. J Prosthet Dent. 1990;63(6):619-626. doi:10.1016/0022-
3913(90)90316-5

Veneziani M. Posterior indirect adhesive restorations: updated
indications and the morphology driven preparation technique.
Int J Esthet Dent. 2017;12(2):204-230. PMID:28653051.

Ferraris F. Posterior indirect adhesive restorations (PIAR): Prepara-
tion designs and adhesthetics clinical protocol. Int J Esthet Dent.
2017;12(4):482-502. PMID:28983533.

Fradeani M, Barducci G. Versatility of IPS Empress restorations.
Part ll: Veneers, inlays, and onlays. J Esthet Dent. 1996;8(4):170-176.
doi:10.1111/j.1708-8240.1996.tb00421.x

Hajizadeh H, Nemati-Karimooy A, Nasseh A, Rahmanpour N. Evalu-
ating the shear bond strength of enamel and dentin with or with-
out etching: A comparative study between dimethacrylate-based
and silorane-based adhesives. J Clin Exp Dent. 2015;7(5):e563-e568.
doi:10.4317/jced.52322

Gurel G, Morimoto S, Calamita MA, Coachman C, Sesma N. Clinical
performance of porcelain laminate veneers: Outcomes of the aes-
thetic pre-evaluative temporary (APT) technique. Int J Periodontics
Restorative Dent. 2012;32(6):625-635. PMID:23057051.

Pashley DH, Tay FR, Yiu C, et al. Collagen degradation by host-
derived enzymes during aging. J Dent Res. 2004;83(3):216-221.
doi:10.1177/154405910408300306

Tjaderhane L, Nascimento FD, Breschi L, et al. Optimizing dentin
bond durability: Control of collagen degradation by matrix metallo-
proteinases and cysteine cathepsins. Dent Mater.2013;29(1):116-135.
doi:10.1016/j.dental.2012.08.004

Krejci I, Lutz F, Fillemann J. Tooth-colored inlays/overlays. Tooth-
colored adhesive inlays and overlays: Materials, principles and
classification [in French, German]. Schweiz Monatsschr Zahnmed.
1992;102(1):72-83. PMID:1738830.

Adolphi G, Zehnder M, Bachmann LM, Gohring TN. Direct resin com-
posite restorations in vital versus root-filled posterior teeth: A con-
trolled comparative long-term follow-up. Oper Dent. 2007;32(5):
437-442. doi:10.2341/06-147

Lin CL, Chang YH, Pai CA. Evaluation of failure risks in ceramic resto-
rations for endodontically treated premolar with MOD preparation.
Dent Mater. 2011;27(5):431-438. doi:10.1016/j.dental.2010.10.026
Bitter K, Meyer-Lueckel H, Fotiadis N, et al. Influence of endodontic
treatment, post insertion, and ceramic restoration on the fracture
resistance of maxillary premolars. Int Endod J. 2010;43(6):469-477.
doi:10.1111/j.1365-2591.2010.01701.x

Hoopes W, Cushen S, DuVall N, Wajdowicz M, Brewster J, Roberts H.
Failure load effect of molar axial wall height with CAD/CAM ceramic
crowns with moderate occlusal convergence. J Esthet Restor Dent.
2018;30(3):249-253. doi:10.1111/jerd.12366

Loil, DiFelice A.Biologically oriented preparation technique (BOPT):
A new approach for prosthetic restoration of periodontically
healthy teeth. Eur J Esthet Dent. 2013;8(1):10-23. PMID:23390618.
Serra-Pastor B, Loi |, Fons-Font A, Sola-Ruiz MF, Agustin-Panade-
ro R. Periodontal and prosthetic outcomes on teeth prepared with
biologically oriented preparation technique: A 4-year follow-up
prospective clinical study. J Prosthodont Res. 2019;63(4):415-420.
doi:10.1016/j.jpor.2019.03.006

Tupac RG, Neacy K. A comparison of cord gingival displacement
with the gingitage technique. J Prosthet Dent. 1981;46(5):509-515.
doi:10.1016/0022-3913(81)90239-0

CarnevaleG, Sterrantino SF,DiFebo G.Softand hard tissue wound heal-
ing following tooth preparation to the alveolar crest. IntJ Periodontics
Restorative Dent. 1983;3(6):36-53. PMID:6584413.



1074

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

Dietschi D, Spreafico R. Current clinical concepts foradhesive cemen-
tation of tooth-colored posterior restorations. Pract Periodontics
Aesthet Dent. 1998;10(1):47-54. PMID:9582662.

Juloski J, Koken S, Ferrari M. Cervical margin relocation in indi-
rect adhesive restorations: A literature review. J Prosthodont Res.
2018;62(3):273-280. doi:10.1016/j.jpor.2017.09.005

Kielbassa AM, Philipp F. Restoring proximal cavities of molars using
the proximal box elevation technique: Systematic review and report
of a case. Quintessence Int. 2015;46(9):751-764. doi:10.3290/j.qi.
a34459

Da Silva Gongalves D, Cura M, Ceballos L, Fuenters MV. Influence
of proximal box elevation on bond strength of composite inlays.
Clin Oral Investig. 2017;21(1):247-254. doi:10.1007/s00784-016-1782-7
Zaruba M, Gohring TN, Wegehaupt FJ, Attin T. Influence of a proxi-
mal margin elevation technique on marginal adaptation of ceramic
inlays. Acta Odontol Scand. 2013;71(2):317-324.d0i:10.3109/00016357.
2012.680905

Juloski J, Koken S, Ferrari M. No correlation between two method-
ological approaches applied to evaluate cervical margin relocation.
Dent Mater J. 2020;39(4):624-632. doi:10.4012/dmj.2018-410
Magne P. IDS: Immediate dentin sealing (IDS) for tooth prepara-
tions. J Adhes Dent. 2014;16(6):594. doi:10.3290/j.jad.a33324
Sarfati A, Tirlet G. Deep margin elevation versus crown lengthen-
ing: Biologic width revisited. Int J Esthet Dent. 2018;13(3):334-356.
PMID:30073217.

Veneziani M. Adhesive restorations in the posterior area with
subgingival cervical margins: New classification and differen-
tiated treatment approach. Eur J Esthet Dent. 2010;5(1):50-76.
PMID:20305873.

Ferrari M, Koken S, Grandini S, Cagidiaco EF, Joda T, Discepoli.
Influence of cervical margin relocation (CMR) on periodontal
health: 12-month results of a controlled trial. J Dent. 2018;69:70-76.
doi:10.1016/j.jdent.2017.10.008

Castelo-BazP, Argibay-Lorenzo O, MunozF, et al.Periodontal response
to a tricalcium silicate material or resin composite placed in close
contact to the supracrestal tissue attachment: A histomorphomet-
ric comparative study. Clin Oral Investig. 2021;25(10):5743-5753.
doi:10.1007/s00784-021-03876-x

Spreafico R, Marchesi G, Turco G, et al. Evaluation of the in vitro
effects of cervical marginal relocation using composite resins
on the marginal quality of CAD/CAM crowns. J Adhes Dent. 2016;
18(4):355-362. doi:10.3290/j.jad.a36514

Mdller V, Friedl KH, Friedl K, Hahnel S, Handel G, Lang R. Influ-
ence of proximal box elevation technique on marginal integrity of
adhesively luted Cerecinlays. Clin Oral Investig. 2017;21(2):607-612.
doi:10.1007/s00784-016-1927-8

Koken S, Juloski J, Sorrentino R, Grandini S, Ferrari M. Marginal seal-
ing of relocated cervical margins of mesio-occluso-distal overlays.
J Oral Sci. 2018;60(3):460-468. d0i:10.2334/josnusd.17-0331
Marchesi G, Spreafico R, Frassetto A, et al. Cervical margin-relo-
cation of CAD/CAM lithium disilicate ceramic crown using resin-
composite. Dent Mater. 2014;30(Suppl 1):e14. doi:10.1016/j.dental.
2014.08.029

Vertolli TJ, Martinsen BD, Hanson CM, Howard RS, Kooistra S, Ye L.
Effect of deep margin elevation on CAD/CAM-fabricated ceramic
inlays. Oper Dent. 2020;45(6):608-617. doi:10.2341/18-315-L

Zhang H, Li H, Cong Q, Zhang Z, Du A, Wang Y. Effect of proximal
box elevation on fracture resistance and microleakage of premolars
restored with ceramic endocrowns. PLoS One. 2021;16(5):e0252269.
doi:10.1371/journal.pone.0252269

Frankenberger R, Hehn J, Hajto J, et al. Effect of proximal box ele-
vation with resin composite on marginal quality of ceramic inlays
in vitro. Clin Oral Investig. 2013;17(1):177-183. doi:10.1007/s00784-
012-0677-5

Dadlanca-Blanco AB, Blanco-Carrién J, Martin-Biedma B, Varela-
Patifio P, Bello-Castro A, Castelo-Baz P. Management of large class I
lesionsin molars: How to restore and when to perform surgical crown
lengthening? Restor Dent Endod. 2017;42(3):240-252. d0i:10.5395
/rde.2017.42.3.240

Swift Jr. EJ. Critical appraisal: Immediate dentin sealing for indi-
rect bonds restorations. J Esthet Restor Dent. 2009;21(1):62-67.
doi:10.1111/j.1708-8240.2008.00232.x

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

K. Wayakanon, P. Wayakanon. Indirect adhesive restorations

Harden L, Devoto W, Bourgi R, et al. Inmediate dentin sealing for
adhesive cementation of indirect restorations: A Systematic review
and meta-analysis. Gels. 2022;8(3):175. doi:10.3390/gels8030175
Paul SJ, Scharer P.Effect of provisional cements on the bond strength
of various adhesive bonding systems on dentine. J Oral Rehabil.
1997;24(1):8-14. d0i:10.1046/j.1365-2842.1997.00484.x

Samartzi TK, Papalexopoulos D, Sarafianou A, Kourtis S. Immedi-
ate dentin sealing: A literature review. Clin Cosmet Investig Dent.
2021;13:233-256. doi:10.2147/CCIDE.S307939

Magne P, So WS, Cascione D. Immediate dentin sealing supports
delayed restoration placement. J Prosthet Dent. 2007;98(3):166-174.
doi:10.1016/50022-3913(07)60052-3

Elbishari H, Elsubeihi ES, Alkhoujah T, Elsubeihi HE. Substantial in-
vitro and emerging clinical evidence supporting immediate den-
tin sealing. Jpn Dent Sci Rev. 2021;57:101-110. d0i:10.1016/j.jdsr.2021.
05.004

ChoiYS,CholH. Aneffect ofimmediate dentin sealing on the shearbond
strength of resin cement to porcelain restoration. JAdv Prosthodont.
2010;2(2):39-45. doi:10.4047/jap.2010.2.2.39

Gresnigt MM, Cune MS, De Roos JG, Ozcan M. Effect of immediate
and delayed dentin sealing on the fracture strength, failure type
and Weilbull characteristics of lithium disilicate laminate veneers.
Dent Mater. 2016;32(4):e73-e81. doi:10.1016/j.dental.2016.01.001
Magne P, Douglas WH. Porcelain veneers: Dentin bonding opti-
mization and biomimetic recovery of the crown. Int J Prosthodont.
1999;12(2):111-121. PMID:10371912.

Dietschi D, Herzfeld D. In vitro evaluation of marginal and inter-
nal adaptation of class Il resin composite restorations after ther-
mal and occlusal stressing. Eur J Oral Sci. 1998;106(6):1033-1042.
doi:10.1046/j.0909-8836.1998.05106609.x

Frankenberger R, Sindel J, Kramer N, Petschelt A. Dentin bond
strength and marginal adaptation: Direct composite resins vs
ceramic inlays. Oper Dent. 1999;24(3):147-155. PMID:10530276.
McCabe JF, Rusby S. Dentine bonding - the effect of pre-curing
the bonding resin. Br Dent J. 1994;176(9):333-336. d0i:10.1038/s;j.
bdj.4808447

Abu Nawareg MM, Zidan AZ, Zhou J, Chiba A, Tagami J, Pashley DH.
Adhesive sealing of dentin surfaces in vitro: A review. Am J Dent.
2015;28(6):321-332. PMID:26846037. PMCID:PMC4943037.

Spohr AM, Borges GA, Platt JA. Thickness of immediate dentin
sealing materials and its effect on the fracture load of a reinforced
all-ceramic crown. Eur J Dent. 2013;7(4):474-483. doi:10.4103/1305-
7456.120682

QanungoA, Aras MA, ChitreV, Mysore A, Amin B, Daswani SR.Immedi-
atedentin sealing for indirect bonded restorations.J Prosthodont Res.
2016;60(4):240-249. d0i:10.1016/j.jpor.2016.04.001

Stavridakis MM, Krejci I, Magne P. Immediate dentin sealing
of onlay preparations: Thickness of pre-cured dentin bonding
agent and effect of surface cleaning. Oper Dent. 2005;30(6):747-757.
PMID:16382598.

Tay FR, Pashley DH. Have dentin adhesives become too hydrophil-
ic? JCan Dent Assoc. 2003;69(11):726-731. PMID:14653938.
Rueggeberg FA, Margeson DH. The effect of oxygen inhibition
on an unfilled/filled composite system. J Dent Res. 1990;69(10):
1652-1658. doi:10.1177/00220345900690100501

Erickson RL. Mechanism and clinical implications of bond forma-
tion for two dentin bonding agents. Am J Dent. 1989;2:117-123.
PMID:2517773.

Magne P, Nielsen B. Interactions between impression materials and
immediate dentin sealing. J Prosthet Dent. 2009;102(5):298-305.
doi:10.1016/50022-3913(09)60178-5

Wayakanon P, Narakaew T, Wayakanon K. Effects of various bev-
erages on characteristics of provisional restoration materials.
Clin Exp Dent Res. 2024;10(2):e842. d0i:10.1002/cre2.842

Ghiggi PC, Steiger AK, Marcondes ML, Mota EG, Burnett Jr. LH,
Spohr AM. Does immediate dentin sealing influence the polym-
erization of impression materials? Eur J Dent. 2014;8(3):366-372.
doi:10.4103/1305-7456.137650

Pheerarangsikul N, Wayakanon P, Wayakanon K. Effects of various
functional monomers on adhesion between immediate dentin seal-
ing and resin cement. Oper Dent. 2022;47(5):562-573. doi:10.2341
/21-057-L



Dent Med Probl. 2026;63(4):1059-1075 1075

163. Malysa A, Wezgowiec J, Grzebieluch W, Danel DP, Wieckiewicz M.
Effect of thermocycling on the bond strength of self-adhesive
resin cements used for luting CAD/CAM ceramics to human dentin.
Int J Mol Sci. 2022;23(2):745. doi:10.3390/ijms23020745

164. Yahyazadehfar M, Mutluay MM, Majd H, Ryou H, Arola D. Fatigue of
the resin-enamel bonded interface and the mechanisms of failure.
J Mech Behav Biomed Mater. 2013;21:121-132. doi:10.1016/j.jmbbm.
2013.02.017

165. De Munck J, Braem M, Wevers M, et al. Micro-rotary fatigue of
tooth-biomaterial interfaces. Biomaterials. 2005;26(10):1145-1153.
doi:10.1016/j.biomaterials.2004.04.013

166. ElbahieE, Beitzel D, Mutluay MM, Majd H, Yahyazadehfar M, Arola D.
Durability of adhesive bonds to tooth structure involving the DEJ.
JMech Behav Biomed Mater. 2018;77:557-565. doi:10.1016/j.jmbbm.
2017.10.001

167. Fabbri G, Zarone F, Dellificorelli G, et al. Clinical evaluation of 860
anterior and posterior lithium disilicate restorations: Retrospective
study with a mean follow-up of 3 years and a maximum observa-
tional period of 6 years. Int J Periodontics Restorative Dent. 2014;
34(2):165-177. d0i:10.11607/prd.1769

168. Granell-Ruiz M, Agustin-Panadero R, Fons-Font A, Romén-Rodriguez
JL, Sola-Ruiz MF. Influence of bruxism on survival of porcelain lam-
inate veneers. Med Oral Patol Oral Cir Bucal. 2014;19(5):e426-e432.
doi:10.4317/medoral.19097

169. Smales RJ, Etemadi S. Survival of ceramic onlays placed with and
without metal reinforcement. J Prosthet Dent. 2004;91(6):548-553.
doi:10.1016/j.prosdent.2004.03.011

170. Souto Borges AL, Dos Santos Rangel Silva R, De Matos JD, et al.
Table-top lithium disilicate ceramic restoration thickness effect
on the stress distribution in upper premolars: 3D finite element
analysis. IntJ Odontostomat. 2021;15(4):942-947. doi:10.4067/507 18-
381X2021000400942

171. Tribst JPM, Dos Santos AF, Da Cruz Santos G, et al. Effect of cement
layer thickness on the immediate and long-term bond strength and
residual stress between lithium disilicate glass-ceramic and human
dentin. Materials (Basel). 2021;14(18):5153. d0i:10.3390/ma14185153

172. PocaA, De Peretti Della Rocca K, Nasr K, Ducassé R, Canceill T. Effects
of translucency and thickness of lithium disilicate-reinforced glass-
ceramic veneers on the degree of conversion of a purely light-cur-
ing bonding resin: An in vitro study. Polymers. 2023;15(7):1617-1625.
doi:10.3390/polym15071617

173. Spehar D, Jakovac M. Clinical evaluation of reduced-thickness
monolithic lithium-disilicate crowns: One-year follow-up results.
Processes. 2021;9(12):2119. doi:10.3390/pr9122119



