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Abstract: With the vast possibilities of restorative dentistry nowadays and the constant
development and release of restorative materials with improved mechanical and esthetical
properties, there is a growing body of research on adhesive systems and cementation
materials, as well as the adequate choices thereof in everyday clinical practice. There are
high demands from the dental cements with regard to their adhesion to various substrates
and restorative materials, their mechanical properties, resistance to dissolution in the oral
environment, esthetic considerations, etc. A material that meets all these requirements is not
yet available, and each available material presents certain shortcomings. However, thanks
to the advancements in dental material research, polymers-based cements have gained
admirable mechanical and esthetic properties, as well as versatility. With the plethora of
products available on the market, clinicians are often faced with difficulties in the choice of
a material adequate for certain clinical situations. Indeed, important factors to consider are
the substrate for cementation and the restoration material. The aim of this review was to
provide clear and literature-based clinical recommendations for the adequate cementation
of prosthodontic restorations with regard to the cementation substrate. Considering that
there is no gold standard protocol applicable in all clinical cases, since the properties of the
cementation abutment could substantially differ, important individual considerations must
be made for each situation.

Keywords: cementation; luting; substrate; dentin; composite resin; enamel; abutment

1. Introduction

In recent years, cementation has been increasingly gaining interest in dentistry, reflect-
ing a growing demand for materials that are chemically compatible with both contemporary
materials for prosthodontic restorations and cementation substrates. Among the different
factors underlying the clinical success of the cementation process, the substrate is certainly
one of the most important ones. Different aspects can have implications in cementation
efficacy, such as interactions between the substrate and material, mechanical properties,
mechanical and chemical bonding, the condition of the substrate, and combinations of
these aspects [1]. The morphology and structure of the dental substrate, including differ-
ences between aprismatic enamel, cervical enamel, superficial dentin and deep dentin, can
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influence the cementation process and quality. Furthermore, caries-infected or-affected
dentin, reactive or contaminated dentin, and cut enamel could impair the efficacy of adhe-
sion [2]. It is important to mention that cementation often occurs on non-dental substrates.
Prosthetic abutments are often built up with resin composite materials, cast post-and-cores,
and sometimes amalgam restorations, making the cementation substrate variable and, at
times, rather complex. Therefore, the correct management of the substrate and the correct
choice of the cementation material are pivotal for final clinical outcomes, particularly in the
case of resin-based cements [1-4].

Dental luting cements are expected to retain the materials and fill in the gap between
the abutment and the restoration, further reinforcing them and improving the longevity
of indirect restorations. Thus, in order to be clinically acceptable, they should present
adequate resistance to dissolution, high strength under tension, and strong bonding through
mechanical interlocking and chemical adhesion, as well as be biologically compatible with
the substrate [3,5].

Generally, various materials behave differently depending on the substrate they are
placed on. For instance, resin-based cements present an adhesion to dentin that is more
susceptible to failure than that to enamel or resin-based restorative materials, and they often
have no direct chemical interaction with metal alloys or ceramic materials [6]. On the other
hand, glass ionomer cements present chemical interactions with dental substrates and metal
alloys, long-term fluoride release, and low coefficients of thermal expansion but lower
bond strength to dental substrates and lower mechanical strength when compared with
resin-based cements [1,6]. Traditionally, zinc phosphate and glass ionomer cements have
been regarded as the most popular materials due to several clinical advantages. However,
resin-based cements are currently widely used owing to their easy manipulation, favorable
mechanical characteristics and compatibility with a large variety of substrates [4,7] These
cements contain resin monomers, inorganic fillers, polymerization initiators and activators.
After chemical and/or light-initiated polymerization, an organic polymer network with
embedded inorganic fillers with admirable physical and esthetic properties is created.
Moreover, several adhesives and resin cements contain 10-methacryloyloxydecyl dihydro-
gen phosphate (MDP), a monomer that chemically binds to hydroxyapatite and dentin
collagen [8,9]. Although the primary bond strength is provided by micromechanical reten-
tion, chemical bonds provide additional retention. Resin-based cements can be classified in
terms of polymerization and application mode (Figure 1) [10], and the choice of cement is
made based on the substrate and clinical situation.

Unveiling the factors involved in the cementation process and the interactions be-
tween the large variety of available cementation materials and substrates is crucial for
clinicians choosing the most appropriate cementation protocol in order to achieve accept-
able longevity for indirect restorations in different clinical situations. However, clinicians
are very often faced with clinical situations and substrates they are not sure how to treat
and how to cement, particularly when the substrate is “complex” (such as tooth tissue and
core build-up material). Thus, the aim of this work was to provide a clinically relevant
discussion examining all aspects of cementation substrates and their interactions with
different cementation materials. Moreover, clear suggestions for substrate preparation and
cement choice will be provided.
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Resin cements
Application Mode
Adhesive Resin Cement Self-Adhesive Resin Cement Universal Resin Cement
(Require bonding procedures on tooth surface) (No need for bonding procedures on tooth surface) (Can be used both as adhesive or self-adhesive cement)
Polymerization Mode Polymerization Mode Polymerization Mode
Light cure Dual cure Self cure Light cure Dual cure Dual cure
Choice 2 Duo-link Universal Multilink automix SpeedCEM Plus TheraCem * Solocem *
( Bisco) (Bisco) (Ivoclar Vivadent) (Ivoclar Vivadent) (Bisco) (Coltenc)
Calibra veneer eCe-ment Estecem II Plus Bis(?em * Panavia SA Universal *
(Dentsply Sirona) (Bisco) (Tokuyama) (Bisco) (Kuraray)
Vitique Duocem Paracore Relyx Universal *
¢ yX Univers:
MG B Col
(DMG) (Bisco) (Coltene) (3M ESPE)
G-Cem Veneer Calibra Ceram Calibra Universal
(GC) (Dentsply Sirona) (Dentsply Sirona)
Variolink Esthetic PermaCem PermaCem 2.0 *
(Ivoclar Vivadent) Universal (DMG)
Panavia Veneer LC (DMG) G-Cem ONE *
(Kuraray) G-Cem Linkforce (GC)
PermaShade LC GO iCEM
(Ultradent) Variolink Esthetic (Hareaus Kultzer)
RelyX Veneer (Ivoclar Vivadent) SpeedCEM Plus *
Cement Multilink automix (Ivoclar Vivadent)
(3M ESPE) (Ivoclar Vivadent) Maxcem Elite
Nexus Universal (Kerr)
(Kerr) Panavia SA *
Panavia F2.0 * (Kuraray)
(Kuraray) BeautyCem SA
Panavia V-5 (Shofu)
(Kuraray) Relyx Unicem 2 *
ResiCem (3M ESPE)
(Shofu)
PermaFlo DC
(Ultradent)
RelyX Ultimate
(3M ESPE)

Figure 1. List of resin cements currently available on the market classified by modality of application
and polymerization. * Cement contains MDP (10-methacryloyloxydecyl dihydrogen phosphate).

2. Substrates for Adhesion in Prosthodontics
2.1. Enamel

Enamel is a substrate often found after tooth preparation for partial indirect restora-
tions, such as veneers and onlays, as well as, at least in one part of the abutment, after
the preparation of teeth for full crowns. To understand the properties of enamel in regard
to cementation, it is important to explore its composition and structure. Dental enamel
has a unique structure constituting 96% minerals and 4% organic material and water. Its
composition provides high hardness, resistance to wear, and stability in physically demand-
ing environments such as the oral cavity [11]. Microstructurally, it consists of nano-sized
fibril-like hexagonal hydroxyapatite crystals that are attached in groups (Figure 2). Also,
structural blocks of enamel termed prisms and inter-prisms are inserted into that arrange-
ment [11,12]. Generally, human enamel presents different prism orientations among layers.
The outer layer of mature enamel is aprismatic [13], while the underlying superficial layer
contains parallel prisms named radial enamel. These prisms are orientated radially and
intercept the occlusal surface perpendicularly. The inner two-thirds of the enamel present
a varying complex of orientation differences referred to as “decussation” [11,12,14]. The
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decussating groups of enamel prisms, including longitudinally and transversely cut prisms,
are termed Hunter—Schreger Bands (HSBs) [14].

X1200 0 10um

Figure 2. SEM micrograph of enamel surface etched with 37% phosphoric acid gel for 30 s. The prism
core material and the interprism areas can be observed. Original magnification of 1200 x.

Its high mineral content and crystal structure offer enamel important advantages in
terms of bond strength. Namely, etching enamel with 35-37% phosphoric acid creates
microporosities of enamel that can be efficiently impregnated and interlocked with adhesive
resin. It has been undoubtably demonstrated that etch-and-rinse (E&R) adhesive technique
provides higher bond strength on enamel compared with the self-etch (SE) technique.
Hence, etching is considered a paramount part of any adhesive or cementation procedure
on enamel. However, etching alone is often not efficient enough in all clinical situations.
For instance, when performing a minimally invasive non-reduction treatment, such as
the one for esthetic veneers in the anterior region, the most outer surface of the enamel is
aprismatic and can be resistant to acid etching [15], thus requiring a pretreatment of the
substrate, such as sandblasting, in order to achieve an acceptable bond strength [4,13,16].
Minimal enamel reduction, or selective reduction, is highly recommended to remove the
aprismatic surface, provide optimal bond strength, and allow for a minimal thickness to
the restorative material [13,16,17].

The condition and micro-morphology of enamel induce different results [14,18].
In vitro and in vivo studies indicate that the bond strength in cervical regions with few or no
HSBs is inferior to that observed in other regions [14,19]. Conversely, regions rich in HSBs
present more predictable and successful enamel bonding [20]. Also, the influence of prism
orientation on enamel’s tensile properties and bond strength has been reported. Bonding
to vertical enamel prisms presents an enamel bond strength twice as strong compared with
bonding to parallel ones [18,21,22]. Hence, some studies have recently recommended that
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cutting the prisms vertically instead of parallelly to their longitudinal axis provides a more
favorable marginal configuration for enamel bonding [14,18,21-23]. Contemporary tech-
niques for tooth preparation for indirect restorations often take the orientation of prisms
into account. For instance, the Morphology-Driven Preparation Technique [23] for partial
restorations on posterior teeth involves making a hollow chamfer border on the axial walls
so as to increase the surface of adhesion to enamel, ensure the vertical cut of enamel prisms,
and improve the esthetic integration of the restoration.

Taking the mechanical and esthetic properties of the current cements and materials
for indirect restorations into consideration, resin cements with etch-and-rinse (E&R) or
self-etch (SE) used in selective etch mode (SEE) adhesives could be recommended for
cementation on enamel. Also, universal resin cements (with the possibility of application
with or without a coupled adhesive system) can be applied with adhesives in the E&R
mode. Resin cements provide a micromechanical and, in certain cases, chemical retention
to dental substrates (Figure 1) [8].

2.2. Dentin

The composition and structure of dentin varies in different parts of the tooth due to its
tubular structure. Overall, it is composed of approximately 70 weight % or 45 volume %
of mineral tissue and 20 weight % or 33 volume % of organic tissue, with water as the
remaining fraction [24,25].

The presence of tubules is a distinctive characteristic of dentin. This peculiar arrange-
ment of dentinal tissue influences its mechanical behavior, permeability and bonding
properties [24,26]. Since dentinal tubules are in a radial disposition and of a conical shape
with the wider part facing the pulp, the deeper the dentin, the larger the surface occupied
by dentinal tubules in coronal dentin (Figure 3). Hence, superficial dentin presents a higher
surface of intertubular dentin, which is mainly an organic matrix constituting collagen
fibrils, unlike peritubular dentin, which is high in mineral content. Both intertubular dentin
and the tubules are equally important for adhesion to dentin due to interdiffusion with
adhesive resins [27-29]. Therefore, regional variations in dentin structure could influ-
ence the quality of adhesion. Furthermore, the surface water content is higher in deeper
dentin, leading to a lower bond strength [30]. Different factors, such as aging, carious and
reparatory processes, the preparation of dentin, proximity to pulp tissue, and the use of
diverse chemical cleaning or whitening agents, can significantly influence bonding and
cementation to dentin [26]. These factors will be elaborated on in the following paragraphs.

Root dentin, on the other hand, has certain features that could affect adhesive bond-
ing and should therefore be discussed. Narrow and deep root canals prevent light from
penetrating, which consequently affects the polymerization of resin adhesives and ce-
ments [31]. Therefore, if adhesive cementation is required, dual-cure resin-based cements
are recommended (Table 1). The degree of conversion would not be adequate with entirely
light-polymerizable cements even in the case of glass-fiber post cementation, since an
adequate amount of light cannot reach the more apical portions of the root. Self-adhesive
resin cements have been demonstrated to perform equally well in fiber post cementation
and in more complex adhesive resin cements [32]. Furthermore, the geometry of root
dentin is favorable for the development of high shrinkage stresses [31,33], which can lead to
debonding and can only be compensated for by the viscoelastic and rheological properties
of the luting materials [34].

Given that in clinical settings, the dentinal substrates available for bonding are rarely
completely sound, it is important to emphasize the differences in bonding quality in
these cases. Depending on the clinical situation, caries removal method, and extent of
the removal of carious dentin (often governed by preferences and personal experience
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of the operator), the dentinal substrate available for bonding could be partially caries-
infected and/or -affected [35]. In fact, an expert statement has recently indicated that
interventions in the caries process (if any) should preferably be minimal, with selective
carious tissue removal so as to preserve pulp health and with restoration to obtain function
and esthetics while interrupting bacterial activity [36]. However, the caries process causes
structural changes in dentin (Figure 4), leading to reduced mechanical properties and
inevitably having implications in adhesive strength. The mineral content and crystallinity
of hydroxyapatite are reduced and are followed by changes in the structure of collagen [37].
This tissue contains a higher percentage of water [38] and is poorly infiltrated by adhesive
resins. Consequently, hybrid layers in caries-infected and -affected dentin have been
reported to be thicker, poorly infiltrated by bonding agents, and more prone to hydrolytic
degradation [39]. The polymerization of dental adhesives on caries-affected dentin was
also shown to be less efficient compared with sound dentin [40]. The majority of studies
investigating bonding to dentin in vitro have been performed on sound dentin, which
might be less relevant form a clinical standpoint, since an operator is most often faced
with cavities that include an array of different substrates from enamel to sound dentin,
caries-infected or -affected dentin, and sclerotic dentin. The available in vitro research on
bonding to caries-affected dentin has shown a 20-50% lower bond strength of this substrate
compared with sound dentin [35,41,42]. Furthermore, the immediate bond strength in
caries-affected dentin seems to be higher when E&R adhesives are used compared with self-
etch (SE) systems [43,44]. However, these differences seem to disappear after short-term
aging [44]. Long-term aging studies are necessary to further investigate this matter. On
the other hand, long-term clinical retrospective studies have demonstrated a high level of
success for posterior composite restorations over time [45,46], even though the majority of
posterior cavities contain a caries-affected dentin portion. This disparity could be due to the
fact that, as previously mentioned, cavities also contain enamel and sound dentin, superior
bonding substrates that are usually the structures directly exposed to the oral cavity, with
caries-infected /-affected dentin being in the deeper portions of the cavity. Altogether, this
could enhance the clinical durability of restorations.

X8000

Figure 3. SEM micrograph of dentin surface etched with 37% phosphoric acid gel for 15 s. Orig-
inal magnification of 12,000x. (a) Superficial dentin with wider peritubular areas and fewer
dentinal tubules. (b) Deep dentin with a higher number of dentin tubules and reduced areas
of peritubular dentin.
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Table 1. Recommendations for cementation on different substrates.

Methacrylate-Based Cements
(Self-Adhesive Cements, Adhesive

Cements That Require a Separate

Conventional Cements (Zinc
Phosphate, Zinc-Oxide-Eugenol

Substrate Preparation Bonding Agent Application, Universal Cement, Zinc Polycarboxylate
. Cement, GIC,
Cements—Can Be Used with or Resin-Modified GIC)
Without an Adhesive System)
e Removing aprismatic
surface e  Etch-and-rinse adhesives and
e  Cleaning with ultrasound cements or universal cements e Not recommended due to low
Enamel and air-borne used with and adhesive in

particle abrasion
Etching with 35-37%
phosphoric acid for 30 s

etch-and-rinse mode
are recommended

adhesive bond strength

Superficial o
dentin

Cleaning with ultrasound

and air-borne

particle abrasion .
Etching with 35-37%
phosphoric acid for 15 s and
blot drying or no treatment
(depending on the

adhesive system)

Etch-and-rinse or self-etch
adhesives and cements,
self-adhesives, and universal
cements are recommended

e  Caries-affected dentin: glass
ionomer cements

e  Other cements are applicable
depending on abutment
configuration and
esthetic factors

Deep dentin

Cleaning with ultrasound °
and air-borne
particle abrasion

Self-etch adhesives and cements,
self-adhesives, and universal
cements are recommended

e  Caries-affected dentin: glass
ionomer cements
Other cements are applicable
depending on abutment
configuration and
esthetic factors

. Mechanical cleaning of the
root canal . . .
. . e  Dual-curing resin cements are e Conventional cements
Root dentin ¢ Cleaning with EDTA or recommended are applicable
ultrasound-activated EDTA PP
to remove the debris
e  Caries-affected dentin: glass
. Cleaning with ultrasound ionomer and resin-modified
Enamel and and air-borne . Self-etch adhesive and cements, glass ionomer cements
dentin particle abrasion self-adhesives, and universal e  Other cements are applicable
. Selective etching of the cements are recommended depending on abutment
enamel for 30 s configuration and
esthetic factors
e  For resin cores: freshly placed
resin cores are recommended
. For metal cores: self-adhesive or
e  Roughening the surface with universal cements used in
a fine bur or self-adhesive mode are ° Different cements are
Build ups e (leaning with ultrasound recommended (MDP monomer) applicable depending on
and air-borne particle e  For combinations of dentin and abutment configuration

abrasion

metal /resin: self-adhesive
cements or universal cements
used in the self-adhesive mode
are recommended
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X2500

Figure 4. Representative SEM image of primary carious dentin. High degree of dentin demineraliza-
tion with exposed collagen fibers and bacteria-infected dentin can be noted. Original magnification
of 2500 x.

Sclerotic dentin is another specific dentinal substrate to be considered in terms of
adhesive bonding. This dentin is characterized by a superficial layer of hypermineralized
dentin, often containing trapped microorganisms, under which is a layer of dentin with
denatured collagen fibrils. The tubules are filled with mineral crystallites [28]. It has
been shown that resin tags and intertubular dentin hybridization contribute about 20%
each to bond strength [27,28,47]. Due to the specific structure of sclerotic dentin, this
hybridization is significantly reduced, which could in turn underlie the 25-50% lower bond
strength measured on this substrate compared with sound dentin [48,49]. It is plausible to
conclude that the standardized etching procedures are inadequate in this case and should
be modified. However, a mere prolongation of etching time showed an improvement in
some but not in all tested adhesives [50], indicating that this solution might not be sufficient
to resolve issues such as bacterial infiltration or denatured collagen fibrils. Pretreatment
with EDTA [51] and sandblasting [52] were demonstrated to increase bond strength to
sclerotic dentin.

Hence, it is clear that dentin is a highly variable dynamic tissue, and it is therefore
difficult to control adhesive bonding and cementation to dentin and to predict the longevity
of hybrid layers in each individual case.

Adbhesive resin cementation on dentin could be recommended for a variety of clinical
cases. The depth of dentin and other aforementioned dentin properties should be taken
into consideration. Resin cements combined with E&R or SE adhesives, self-adhesives,
or universal resin cements could be used in sound dentin. Self-adhesive cements have
demonstrated a similar bond strength in dentin compared to resin cements that require
an adhesive in simplified and less technique-sensitive clinical procedures for full crown
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cementation [53,54]. However, for the cementation of partial restorations that completely
rely on the adhesive properties of cements, it is still recommended to use adhesive resin
cements [55]. In deeper portions, SE adhesives and cements could be recommended
due to lower post-operative sensitivity [56]. For root dentin, dual-curing resin cements
or conventional cements, such as glass ionomer or zinc phosphate cements, could be
recommended (Table 1). Regardless of the bonding strategy or resin cement used, the
materials should always be employed strictly following the manufacturers’ instructions
and within the indicated shelf-life [57].

Glass ionomer cements (GICs) should also be taken into consideration for cement-
ing indirect restorations on dentin substrate. GICs present physicochemical bonding to
tooth tissue through an ionic interaction with the mineral phase between calcium and the
carboxyl ions of hydroxyapatite. This bonding occurs even in the presence of a smear
layer, but conditioning improves bond strength. Conditioning produces micro-porosities
on the surface of teeth, which increases the area for chemical bonding or micro-mechanical
bonding through polymer penetration. Due to the antimicrobial properties of the fluorides
released by a GIC, this cement could be recommended in caries-affected dentin for full
crown cementation or for the cementation of a post in a root canal. However, GICs present
a low mechanical strength, which can compromise the cementation in areas subjected to
high stresses [1,4,58,59]. Resin-modified glass ionomer cements (RMGICs) have shown a
comparable bond strength to dentin and fluoride release as conventional GICs, with better
mechanical properties [60,61].

Another cementation material, traditionally widely used for many years, is zinc
phosphate. This material has retentive properties and a high fatigue strength, and it shows
a minimal film thickness after cementation (<25 pum) [62]. Retention to an abutment is only
promoted by a friction grip, without chemical bonding to enamel or dentin. Also, this
tensofrictional retention is facilitated by the mechanical properties of zinc phosphate [63].
Hence, zinc phosphate cement could be considered a choice for the cementation of full
crowns. However, its lack of adhesion to substrates, higher solubility, and lower retention
compared with other cements have shifted the focus off this material [4,62,64].

2.3. Differences Between Enamel and Dentin with Regard to Adhesion

Differences between the dental tissues as substrates for cementation are pronounced
in the case of resinous adhesives and cements. Adhesion to dental tissue occurs differently
depending on the type of substrate. In the case of E&R materials, it starts with an acid-
etching step, which promotes surface demineralization in enamel or dentin. In enamel,
the highly mineralized structure formed by the prisms is selectively removed, producing
a favorable surface for resin infiltration and micro-retention. The penetration occurs by
capillary attraction, even in common hydrophobic agents, since enamel can be extensively
dried before bonding. Hence, the micro-mechanical interlocking of the acid-etched surface
with the resin tags results in a stable enamel-resin bonding, which is considered the best
achievable bond to a dental substrate. This provides a long-term effective seal on restoration
margins and protects the underlying tissue from degradation [63,65].

On the other hand, adhesion to dentin substrates is more difficult and less predictable,
as dentin presents a heterogeneous morphology and more complex composition than
enamel. Acid-etching in dentin substrate exposes collagen fibrils and activates the bound
matrix metalloproteinases (MMPs) and cysteine cathepsins (CTs) [66—69]. These proteases
have the potential to degrade the exposed collagen fibrils, decreasing the stability of resin—
dentin bonds [70-72]. Also, dentin is connected with the pulp tissue via multiple fluid-filled
tubules, which causes the dentin to be moist and hydrophilic, presenting a challenge for
the interactions of modern adhesives with dentin [63,65]. In simplified E&R systems,
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the dentin must not be overly dried, since this could cause the collagen fibrillar network
to collapse, preventing adequate hybridization and leading to a low bond strength and
postoperative sensitivity [73]. SE adhesives seem to create a more homogenous hybrid layer,
simultaneously etching and infiltrating the dentin, with a lower level of postoperative
sensitivity [74]. If both enamel and dentin are present as the bonding substrates for
cementation, it is advisable to selectively etch the enamel prior to bonding [56].

2.4. Pretreated Dentin as a Substrate for Adhesive Cementation

After certain dental procedures, such as bleaching, or endodontic treatment (use of en-
dodontic irrigants and root canal sealing materials), adhesive cementation can be negatively
affected. Following a bleaching procedure, residual oxygen from the hydrogen peroxide
bleaching agent can be trapped on the surface of the tooth [75]. This can prevent the poly-
merization of resins and consequently adversely affect bond strength [75-77]. Hydrogen
peroxide can also affect adhesive polymerization when used as an endodontic irrigant,
along with sodium hypochlorite, which releases oxygen and water, potentially impairing
polymerization [78]. Furthermore, eugenol-containing materials used in endodontics, such
as certain endodontic sealants and temporary zinc-oxide—eugenol materials can contami-
nate dentin and inhibit polymerization [79] because eugenol acts as a radical scavenger [80].
Therefore, the surface of dentin needs to be mechanically and chemically cleaned to remove
the agents that can adversely affect polymerization [81-84], or in the case of bleaching, a
restoration should not be made immediately [85,86].

Contrary to this, there have recently been reports on the pretreatment of dentin with
certain aqueous or ethanol-based primers containing cross-linkers and MMP inhibitors
that enhanced the longevity of the resin—dentin interface. Cross-linkers were shown to
inactivate endogenous dentinal enzymes and create chemical bonds between collagen
molecules, reinforcing the dentin structure. For instance, carbodiimide-based [67,87-91]
and proanthocyanidin-based primers [92-94] inactivated MMPs and enhanced the bond
strength of dentin for up to 5 years of artificial aging, while chlorhexidine was found to
inhibit MMPs and preserve the integrity of the hybrid layer after 10 years of aging in
artificial saliva [95]. To facilitate adhesive procedures and reduce the number of clinical
steps, efforts have been made to incorporate certain protease inhibitors into adhesive resins.
It was demonstrated that chlorhexidine can be blended into dental adhesives without
jeopardizing their polymerization quality [96]. A commercially available adhesive resin
containing chlorhexidine demonstrated a higher bond strength and better preservation
of adhesive strength after 1 year of artificial aging compared with a chlorhexidine-free
adhesive [66].

2.5. Immediate Dentin Sealing

In an attempt to protect dentin that has been freshly prepared for a partial restora-
tion, obtain lower postoperative sensitivity (POS), and improve bonding and cementation
strength, the immediate dentin sealing (IDS) technique was introduced [97,98]. IDS involves
applying and polymerizing an adhesive system to freshly exposed dentin immediately
after tooth preparation for an indirect restoration. While a three-step EAR adhesive was
initially recommended for IDS, it was also demonstrated that two-step self-etch (SE) and
universal adhesives are also effective for this purpose [99]. Additionally, a layer of flow
resin composite can be applied onto an adhesive (reinforced IDS; Figure 5), providing
additional protection and, in cases of partial indirect restorations, the possibility to improve
the geometry of the preparation [100]. Although many in vitro studies support the bene-
fits of IDS in terms of bond strength, bacterial microleakage, and POS [101,102], a recent
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systematic review found no significant effect on POS [103], highlighting the need for more
high-quality clinical trials to validate the technique’s efficacy.

(b)

Figure 5. Reinforced immediate dentin sealing on teeth prepared for indirect partial restorations.

(a) Teeth immediately after the preparation; (b) teeth immediately after the application of reinforced
IDS under rubber dam isolation; (c) teeth after the application of reinforced IDS after the removal of
rubber dam.

2.6. Substrate Decontamination Before Cementation

Generally, the fabrication of indirect restorations requires time. Hence, provisional
restorations need to be placed on substrates to maintain the integrity of the tissues until the
final restoration is fabricated. Provisional crowns are sustained by provisional cements,
which can influence the outcome of definitive crown cementation due to several factors.
Mainly, the residue contamination alters the surface free energy and reduces bond strength
with the substrate. The restorative fit checking medium is also a surface contaminant and
can decrease bond strength. Thus, contaminants should be completely removed prior to
definitive cementation [104-106].

Several methods of surface contaminant removal from bonding substrates have been
suggested, such as air-borne particle abrasion, hand cleaning with an excavator, ultrasonic
cleaning, chemical agents, pumice with rotary brush cleaning, and a combination of two or
more of these methods. However, these methods have shown different results regarding
the definitive luting after the procedure. Firstly, hand cleaning with an excavator was
reported to not completely remove the remnants of the provisional cement, microscopi-
cally appearing in surfaces that macroscopically seemed to be clean [107]. Furthermore,
ultrasonic cleaning was reported as more efficient in removing zinc-oxide provisional
cement compared with organic solvents. Also, air-bone particle abrasion demonstrated
a positive influence on the bond strength of resin cements. Hence, the combination of
ultrasonic cleaning and air-bone particle abrasion is reported to present a higher adhesive
bond strength in comparison with all other methods [106,108,109].

A recent study evaluated the effect of temporary cement cleaning methods on the
retention of crowns cemented using zinc phosphate and resin-modified glass ionomer ce-
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ment as definitive cements. Different behaviors were observed depending on the cleaning
method. For zinc phosphate cement, cleaning with an orange solvent, air-borne particle
abrasion, and the ultrasonic method was effective, but the best bond strength results were
observed with the air-borne abrasion technique. However, when definitive cementation
was performed with resin-modified glass ionomer cement, better results were obtained
with the orange solvent or ultrasonic cleaning methods, with no differences between
them [107]. Recently, a functional monomer containing a primer originally intended for
cleaning zirconia surfaces before cementation (Katana™ Cleaner (KC), Kuraray Noritake
Dental Inc., Tokyo, Japan) was tested for efficiency in cleaning dentin surfaces contami-
nated with saliva or temporary cements before adhesive and cementation procedures. It
was demonstrated that this cleaning agent efficiently decontaminated and restored the
adhesive properties of dentin [110,111] without negatively influencing its structure and
nanomechanical properties [112].

2.7. Build-Ups as Substrates for Cementation

Teeth with an extensive losses of tissue require preparation for indirect restoration.
This preparation can include build-ups of different materials, such as fiber posts, zirconium
oxide or metal posts in combination with resin composites, compomers, or glass ionomer
cements. With advancements in the understanding of the biomechanical properties of the
residual tooth structure in severely compromised teeth and the development of appropriate
techniques for the management of such a substrate, a wide range of clinical situations can
be resolved with composite resin build-ups without opting for more invasive and complex
solutions such as surgical crown lengthening or orthodontic extrusion [113,114]. Also,
other materials, such as amalgam and metal alloys, can be used as restoration or abutment
materials, or these abutment materials can be found underneath old prosthodontic restora-
tions that need to be replaced (Figure 6) [115]. Resin-based cements have been widely
used for the cementation of indirect restorations due to their capacity for adhesion to tooth
structures and restorations, as well as their clinically acceptable mechanical and esthetic
properties [116]. However, there are differences in the bond strength of resin cements to
different abutment materials. The highest bond strength values have been reported in
materials that are chemically and/or mechanically similar to the bonding system, such
as compomers and resin composites. Also, glass ionomer cements present relatively high
bond strength values, but these values are lower compared with resin composites [115,116].

(a) (b)

Figure 6. Tooth abutments restored with different restorative materials prepared for complete crowns:
(a) the abutments after the preparation; (b) abutments after air-particle abrasion.
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On the other hand, the lowest bond strength values and the highest rates of adhesive
failures have been observed in cementation with amalgam or gold as abutment materials.
It is suggested that these types of substrates should be removed and replaced by restora-
tive options that can provide an acceptable bond strength after cementation. However,
these materials can still be maintained if air-particle abrasion is performed, increasing the
micromechanical retentive surface for the infiltration of the cement and improving bond
strength [115,116]. Micromechanical abrasion can be enhanced with a tribochemical surface
modification if air-particle abrasion is performed with particles coated in a thin layer of
silica, followed by the application of a silane coupling agent [117].

Regarding adhesive cementation to resin-based substrates, the aging of resin-based
abutments can influence bond strength. While freshly polymerized resins have 40-50%
unreacted methacrylate groups that allow for the adhesion of new resin layers, aged resin
has not demonstrated the same behavior. Unreacted methacrylate groups are reduced
over time, thereby also reducing the bond strength. Also, the use of polishing instruments
accelerates the reduction of these reactive groups, exposing inorganic filler particles to
the surface, which can further reduce bonding capacity. It was shown that the bonding of
aged resin-composites could reach 20-80% of the initial bond strength presented by freshly
polymerized resins [118,119].

All the abovementioned considerations are summarized in Table 1 with recommen-
dations on the substrate preparation and cementation protocols to employ in different
clinical cases.

2.8. Pulp Protection and Material Toxicity

Theoretically, dentin hybridization should provide a strong and durable micro-
mechanical retention of resins and the complete sealing of restorations without the risk of
pulpal toxicity [120]. When such conditions are clinically obtained, the risk of pulpal irrita-
tion by adhesive restorations is prevented. It is interesting to note that even in the presence
of strong adhesion, incompletely infiltrated hybrid layers can still permit leakage through
submicroscopic porosities within the hybrid zone, and most adhesive systems cannot
eliminate the passage of fluid across bonded interfaces due to defective hybridization [121].

Despite biocompatibility studies reporting that bacterial leakage is more likely to cause
adverse effects to dental pulp than components from restorative materials, other reports
have indicated that resin molecules are toxic at micro-molecular concentrations [122,123].
The risk of toxic effects is further increased by the potential of adhesive materials to leach
into pulpal tissues given the tubular structure of dentin. During bonding procedures,
the risk of chemical irritation is present. Such irritation could undoubtedly trigger an
immediate pulpal response. Fortunately, the concentration of leached components from
resin composites does not appear to cause acute toxicity to odontoblasts, and most observed
reactions are therefore minor and reversible [124].

More interesting are the long-term effects on pulpal cells resulting from the progressive
degradation of poorly polymerized adhesive resins diffusing down to the pulp. Studies
have indicated that very low concentrations of resin monomers, which are known to pass
through dentin by diffusion, can have significant effects on the proliferation and activity
of human monocyte-macrophages [125]. The potential for bacterial injury to the dental
pulp may be enhanced since its resistance to infectious agents is decreased. When bacterial
leakage occurs with the progressive biodegradation of adhesive resins during clinical
service, the problem is likely to become more acute.

Moreover, a high toxicity of monomers able to reach the pulp through dentin tubule
diffusion, such as 2-hydroxyethyl methacrylate (HEMA), urethane dimethacrylate (UDMA),
bisphenol A-glycidyl methacrylate (Bis-GMA), and triethylene glycol dimethacrylate
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(TEGDMA), was reported [126]. This diffusion is increased when the conditioning proce-
dure was performed prior to the application of resin-based materials, increasing the toxicity
of these materials. However, self-adhesive resin cements and resin-modified glass ionomer
cements do not require the prior application of conditioning acid, creating a hybrid layer
that does not result in the formation of long resin tags in the dentin tubules, which is a
safer protocol for cementation in deep cavities that prevents severe toxicity to the pulp
tissue [126-128]. Recently, however, it was demonstrated that universal resin cements can
also influence cell viability, depending on the polymerization mode and with differences
between the products [129]. Although it is evident that the monomers of resin cements
pose a certain level of toxicity, it is important to mention that this is within the acceptable
range and these materials are therefore considered safe to use. It is important to underline
that the adequate manipulation of cement and adequate polymerization not only help
the obtainment of the highest bond strength to substrates but also reduce the elution of
unpolymerized monomers and, consequently, toxicity [99,130].

3. Discussion and Future Perspectives

This manuscript presents a review of the literature on the substrate factors that in-
fluence cementation, and its clearly demonstrates that substrates play a significant role
in the bonding process and the overall success of cementation. Based on the thorough
review of the literature presented in this manuscript, it is clear that, unfortunately, it is not
possible to provide a single “recipe” for the cementation of indirect restorations that would
be adequate for all substrates, but considerations need to be made in each individual case.
However, there are certain rules to be applied whenever cementing an indirect restoration.
Firstly, whichever the cementation strategy, the substrate needs to be adequately prepared
and cleaned from impurities that could interact with the cement or hinder the optimal
interaction of the cement with the substrate. In that regard, sandblasting the surface of the
substrate can offer important advantages regardless of the abutment material by cleaning
and creating a microretentive surface texture. Also, pumice and cleaning primers (such
as Katana cleaner) can be recommended. Furthermore, all cementation materials should
be used strictly according to the manufacturers’ instructions so as to obtain the material’s
optimal physical properties and longevity. This is particularly the case with resin cements,
which offer the highest bond strength and stability for indirect restoration but also require
the most attention and procedural rigor during the cementation procedure. Each abutment
should be considered a separate clinical scenario, and different techniques can be used
simultaneously. For instance, if both enamel and dentin are present on the abutment,
the practitioner can decide to etch the enamel but use an SE or self-adhesive technique
for dentin. If the abutment has a cast metal build-up, a primer/adhesive containing the
10 MDP monomer should be applied, since this monomer chemically binds both to tooth
tissues and metal and improves adhesion to these substrates.

Advancements in adhesive dentistry are ever more focused on creating materials that
are more biocompatible, have better chemical and physical interactions with cementation
substrates, and are more universal—materials that work well on all types of substrates in the
hands of expert and inexperienced practitioners [8]. Certain resin cement manufacturers are
adding novel monomers that chemically bind to dental tissues and polymerization initiators
that are efficient in both hydrophobic and hydrophilic conditions into the composition
of their products [10]. In the future, the dental industry will possibly also shift to other
types of monomers, such as acrylamides [131,132], that are more resistant to hydrolytic
degradation, more biocompatible, have antimicrobial properties, and can even chemically
bind to dentin collagen [131,132]. Additionally, bisphenol A (BPA)-containing monomers
could be (and already are in some cases) excluded from resin cement formulations. BPA
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is an estrogen promoter and could cause estrogen receptor activation, posing risks for
fertility [133]. Furthermore, bioactive cements that can promote dentin remineralization,
inhibit bacterial growth and MMP activity, or have self-healing properties will possibly be
developed in the future.

Although the goal of absolute universality is still out of reach, contemporary adhesive
resins and resin cements are indeed very versatile. For example, universal cements can
be used both with and without adhesive resin on the same abutment. This can be useful
in cases when a rubber dam cannot be placed, such as in the case of short abutments for
crowns. Given that adhesive resins are sensitive to the presence of water, they should not
be placed on the cervical portion of the abutment without a rubber dam. However, adhe-
sive cementation offers a higher bond strength compared with self-adhesive cementation,
particularly in short abutments. Hence, Breschi et al. described a cementation technique
(Selective Adhesive Luting—SAL) that involves the use of universal resin cement systems
and the placement of their dedicated universal adhesive only on the coronal half of the
abutment while using the self-adhesive technique on the cervical half of the abutment [134].
Therefore, the cementation of indirect restorations is clearly evolving towards smarter, more
durable, and simplified workflows. These advancements aim to meet the challenges posed
by modern materials and complex clinical scenarios while maintaining biocompatibility
and patient safety.

4. Conclusions

Based on the comprehensive information provided in the present review, it is clear that
the variability of substrates and their specific interactions with cementation materials are
very important factors to be considered prior to the cementation of any indirect restoration
so as to obtain a successful and durable adhesion. Abutments should be cleaned properly,
regardless of their composition and the choice of cementation material. The sandblasting
of substrates is advisable in order to clean the abutment surface, increase the cementation
surface, and refresh the build-up materials on the abutment if present. If there is enamel
tissue on the abutment, it should be etched. Dentin, on the other hand, is a complex tissue
that, if cemented with adhesive resin polymer cements, should be carefully bonded with
adhesive resin following the instructions for use and after choosing the optimal modality
based on the dentin’s condition and depth. Clinical decisions should be substrate- and
case-specific and will undoubtedly influence the longevity of indirect restorations.

Author Contributions: Conceptualization, L.B., S.G. and M.F; investigation, TM., C.M. and
EM.-S.; visualization, E.M.; writing—original draft preparation, TM., EM.-S., CM. and E.M.;
writing—review and editing, S.G., L.B. and M.E,; supervision, L.B. and M.E. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

1.  Petrauskas, A.; Novaes Olivieri, K.; Pupo, Y.; Berger, G.; Gongalves Betiol, E. Influence of Different Resin Cements and Surface
Treatments on Microshear Bond Strength of Zirconia-Based Ceramics. J. Conserv. Dent. 2018, 21, 198. [CrossRef] [PubMed]

2. Ge, C.; Green, C.C.; Sederstrom, D.A.; McLaren, E.A.; Chalfant, J.A.; White, S.N. Effect of Tooth Substrate and Porcelain Thickness
on Porcelain Veneer Failure Loads in Vitro. J. Prosthet. Dent. 2018, 120, 85-91. [CrossRef]

3. Walcher, ].G.; Leitune, V.C.B.; Collares, EM.; de Souza Balbinot, G.; Samuel, S.M.W. Physical and Mechanical Properties of Dual
Functional Cements—An in Vitro Study. Clin. Oral Investig. 2018, 23, 1715-1721. [CrossRef] [PubMed]

4. Manso, A.P; Silva, N.R.EA_; Bonfante, E.A.; Pegoraro, T.A ; Dias, R.A.; Carvalho, R M. Cements and Adhesives for All-Ceramic
Restorations. Dent. Clin. N. Am. 2011, 55, 311-332. [CrossRef]


https://doi.org/10.4103/JCD.JCD_190_17
https://www.ncbi.nlm.nih.gov/pubmed/29674825
https://doi.org/10.1016/J.PROSDENT.2017.10.018
https://doi.org/10.1007/s00784-018-2598-4
https://www.ncbi.nlm.nih.gov/pubmed/30155574
https://doi.org/10.1016/J.CDEN.2011.01.011

Polymers 2025, 17, 566 16 of 21

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

Heboyan, A.; Vardanyan, A.; Karobari, M.I.; Marya, A.; Avagyan, T.; Tebyaniyan, H.; Mustafa, M.; Rokaya, D.; Avetisyan, A.
Dental Luting Cements: An Updated Comprehensive Review. Molecules 2023, 28, 1619. [CrossRef]

Rohr, N.; Fischer, J. Tooth Surface Treatment Strategies for Adhesive Cementation. J. Adv. Prosthodont. 2017, 9, 85-92. [CrossRef]
Ghodsi, S.; Shekarian, M.; Aghamohseni, M.M.; Rasaeipour, S.; Arzani, S. Resin Cement Selection for Different Types of Fixed
Partial Coverage Restorations: A Narrative Systematic Review. Clin. Exp. Dent. Res. 2023, 9, 1096-1111. [CrossRef]

Cadenaro, M,; Josic, U.; Maravi¢, T.; Mazzitelli, C.; Marchesi, G.; Mancuso, E.; Breschi, L.; Mazzoni, A. Progress in Dental
Adhesive Materials. |. Dent. Res. 2023, 102, 254-262.

Han, F; Jin, X,; Yuan, X.; Bai, Z.; Wang, Q.; Xie, H. Interactions of Two Phosphate Ester Monomers with Hydroxyapatite and
Collagen Fibers and Their Contributions to Dentine Bond Performance. J. Dent. 2022, 122, 104159. [CrossRef]

Maravi¢, T.; Mazzitelli, C.; Mancuso, E.; Del Bianco, F.; Josi¢, U.; Cadenaro, M.; Breschi, L.; Mazzoni, A. Resin Composite Cements:
Current Status and a Novel Classification Proposal. J. Esthet. Restor. Dent. 2023, 35, 1085-1097.

Cui, F-Z.; Ge, J. New Observations of the Hierarchical Structure of Human Enamel, from Nanoscale to Microscale. . Tissue Eng.
Regen. Med. 2007, 1, 185-191. [CrossRef] [PubMed]

Risnes, S. Growth Tracks in Dental Enamel. J. Hum. Evol. 1998, 35, 331-350. [CrossRef] [PubMed]

Peumans, M.; Van Meerbeek, B.; Lambrechts, P.; Vanherle, G. Porcelain Veneers: A Review of the Literature. J. Dent. 2000, 28,
163-177. [CrossRef]

Wang, C.; Ou, Y,; Zhang, L.; Zhou, Z.; Li, M.; Xu, ].; Fan, ].; Fu, B.; Hannig, M. Effects of Regional Enamel and Prism Orientations
on Bovine Enamel Bond Strength and Cohesive Strength. Eur. J. Oral Sci. 2018, 126, 334-342. [CrossRef]

Comba, A.; Baldi, A.; Garavelli, M.; Maravic, T.; Breschi, L.; Mazzoni, A.; Mazzitelli, C.; Scotti, N. Effects of surface pretreatments
on bond strength and morphology of aprismatic enamel. J. Adhes. Dent. 2022, 24, 367-374.

Oztiirk, E.; Bolay, $.; Hickel, R.; Ilie, N. Shear Bond Strength of Porcelain Laminate Veneers to Enamel, Dentine and Enamel-
Dentine Complex Bonded with Different Adhesive Luting Systems. J. Dent. 2013, 41, 97-105. [CrossRef]

Javaheri, D. Considerations for Planning Esthetic Treatment with Veneers Involving No or Minimal Preparation. J. Am. Dent.
Assoc. 2007, 138, 331-337. [CrossRef]

Giannini, M.; Soares, C.J.; de Carvalho, R.M. Ultimate Tensile Strength of Tooth Structures. Dent. Mater. 2004, 20, 322-329.
[CrossRef]

Al-Harbi, F; Kaisarly, D.; Michna, A.; ArRejaie, A.; Bader, D.; El Gezawi, M. Cervical Interfacial Bonding Effectiveness of Class II
Bulk versus Incremental Fill Resin Composite Restorations. Oper. Dent. 2015, 40, 622-635. [CrossRef]

Lynch, C.D.; O’Sullivan, V.R.; Dockery, P.; McGillycuddy, C.T.; Rees, ].S.; Sloan, A.J. Hunter-Schreger Band Patterns and Their
Implications for Clinical Dentistry. J. Oral Rehabil. 2011, 38, 359-365. [CrossRef]

Ikeda, T.; Uno, S.; Tanaka, T.; Kawakami, S.; Komatsu, H.; Sano, H. Relation of Enamel Prism Orientation to Microtensile Bond
Strength. Am. J. Dent. 2002, 15, 109-113. [PubMed]

Carvalho, R.M.; Santiago, S.L.; Fernandes, C.A.; Suh, B.I,; Pashley, D.H. Effects of Prism Orientation on Tensile Strength of Enamel.
J. Adhes. Dent. 2000, 2, 251-257. [PubMed]

Veneziani, M. Posterior Indirect Adhesive Restorations: Updated Indications and the Morphology Driven Preparation Technique.
Int. J. Esthet. Dent. 2017, 12, 204-230.

Tjaderhane, L.; Carrilho, M.R.; Breschi, L.; Tay, ER.; Pashley, D.H. Dentin Basic Structure and Composition-an Overview. Endod.
Top. 2009, 20, 3-29. [CrossRef]

Nanci, A. Ten Cate’s Oral Histology: Development, Structure, and Function, 8th ed.; Elsevier: Amsterdam, The Netherlands; Mosby:
St. Louis, MI, USA, 2008.

Carvalho, RM.; Tjaderhane, L.; Manso, A.P; Carrilho, M.R,; Carvalho, C.A.R. Dentin as a Bonding Substrate. Endod. Top. 2012, 21,
62-88. [CrossRef]

Pashley, D.H.; Ciucchi, B.; Sano, H.; Carvalho, R.M.; Russell, C.M. Bond Strength versus Dentine Structure: A Modelling
Approach. Arch. Oral Biol. 1995, 40, 1109-1118. [CrossRef]

Tay, ER.; Pashley, D.H. Resin Bonding to Cervical Sclerotic Dentin: A Review. J. Dent. 2004, 32, 173-196. [CrossRef]

Ozcan, M; Volpato, C.A.M. Current Perspectives on Dental Adhesion: (3) Adhesion to Intraradicular Dentin: Concepts and
Applications. Jpn. Dent. Sci. Rev. 2020, 56, 216-223. [CrossRef]

Prati, C.; Pashley, D.H. Dentin Wetness, Permeability and Thickness and Bond Strength of Adhesive Systems. Am. J. Dent. 1992, 5,
33-38.

Tay, FER.; Loushine, R.J.; Lambrechts, P.; Weller, R.N.; Pashley, D.H. Geometric Factors Affecting Dentin Bonding in Root Canals:
A Theoretical Modeling Approach. J. Endod. 2005, 31, 584-589. [CrossRef]

Josic, U.; Mazzitelli, C.; Maravic, T.; Comba, A.; Mayer-Santos, E.; Florenzano, F.; Breschi, L.; Mazzoni, A. Evaluation of Fiber Post
Adhesion to Root Dentin Achieved with Different Composite Cements: 1-Year In Vitro Results. J. Adhes. Dent. 2022, 24, 95-104.
[PubMed]


https://doi.org/10.3390/molecules28041619
https://doi.org/10.4047/jap.2017.9.2.85
https://doi.org/10.1002/cre2.761
https://doi.org/10.1016/j.jdent.2022.104159
https://doi.org/10.1002/term.21
https://www.ncbi.nlm.nih.gov/pubmed/18038410
https://doi.org/10.1006/jhev.1998.0229
https://www.ncbi.nlm.nih.gov/pubmed/9774498
https://doi.org/10.1016/S0300-5712(99)00066-4
https://doi.org/10.1111/eos.12530
https://doi.org/10.1016/j.jdent.2012.04.005
https://doi.org/10.14219/jada.archive.2007.0165
https://doi.org/10.1016/S0109-5641(03)00110-6
https://doi.org/10.2341/14-152-L
https://doi.org/10.1111/j.1365-2842.2010.02162.x
https://www.ncbi.nlm.nih.gov/pubmed/12092988
https://www.ncbi.nlm.nih.gov/pubmed/11317371
https://doi.org/10.1111/j.1601-1546.2012.00269.x
https://doi.org/10.1111/j.1601-1546.2012.00274.x
https://doi.org/10.1016/0003-9969(95)00090-9
https://doi.org/10.1016/j.jdent.2003.10.009
https://doi.org/10.1016/j.jdsr.2020.08.002
https://doi.org/10.1097/01.don.0000168891.23486.de
https://www.ncbi.nlm.nih.gov/pubmed/35322947

Polymers 2025, 17, 566 17 of 21

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Braga, R.R,; Ferracane, J.L. Alternatives in Polymerization Contraction Stress Management. Crit. Rev. Oral Biol. Med. 2004, 15,
176-184. [CrossRef] [PubMed]

Ferrari, M.; Carvalho, C.A.; Goracci, C.; Antoniolli, F.; Mazzoni, A.; Mazzotti, G.; Cadenaro, M.; Breschi, L. Influence of Luting
Material Filler Content on Post Cementation. J. Dent. Res. 2009, 88, 951-956. [CrossRef] [PubMed]

de Almeida Neves, A.; Coutinho, E.; Cardoso, M.V.; Lambrechts, P.; Van Meerbeek, B. Current Concepts and Techniques for
Caries Excavation and Adhesion to Residual Dentin. J. Adhes. Dent. 2011, 13, 7-22. [CrossRef]

Banerjee, A.; Splieth, C.; Breschi, L.; Fontana, M.; Paris, S.; Burrow, M.F,; Crombie, E; Page, L.F,; Gatén-Hernandez, P.; Giacaman,
R.; et al. When to Intervene in the Caries Process? An Expert Delphi Consensus Statement. Br. Dent. ]. 2020, 229, 474-482.
[CrossRef]

Wang, Y.; Spencer, P.; Walker, M.P. Chemical Profile of Adhesive/Caries-Affected Dentin Interfaces Using Raman Microspec-
troscopy. . Biomed. Mater. Res. A 2007, 81, 279-286. [CrossRef]

Ito, S.; Saito, T.; Tay, ER.; Carvalho, R.M.; Yoshiyama, M.; Pashley, D.H. Water Content and Apparent Stiffness of Non-Caries
versus Caries-Affected Human Dentin. |. Biomed. Mater. Res. 2005, 72, 109-116. [CrossRef]

Hsu, K.-W.; Marshall, S.J.; Pinzon, L.M.; Watanabe, L.; Saiz, E.; Marshall, G.W. SEM Evaluation of Resin-Carious Dentin Interfaces
Formed by Two Dentin Adhesive Systems. Dent. Mater. 2008, 24, 880-887. [CrossRef]

Spencer, P.; Wang, Y.; Katz, ].L.; Misra, A. Physicochemical Interactions at the Dentin/Adhesive Interface Using FTIR Chemical
Imaging. J. Biomed. Opt. 2005, 10, 031104. [CrossRef]

Ceballos, L.; Camejo, D.G.; Victoria Fuentes, M.; Osorio, R.; Toledano, M.; Carvalho, R.M.; Pashley, D.H. Microtensile Bond
Strength of Total-Etch and Self-Etching Adhesives to Caries-Affected Dentine. . Dent. 2003, 31, 469—-477. [CrossRef]

Perdigdo, J. Dentin Bonding-Variables Related to the Clinical Situation and the Substrate Treatment. Dent. Mater. 2010, 26, e24—e37.
[CrossRef] [PubMed]

Yoshiyama, M.; Urayama, A.; Kimochi, T.; Matsuo, T.; Pashley, D.H. Comparison of Conventional vs Self-Etching Adhesive Bonds
to Caries-Affected Dentin. Oper. Dent. 2000, 25, 163-169. [PubMed]

Erhardt, M.C.G.; Toledano, M.; Osorio, R.; Pimenta, L.A. Histomorphologic Characterization and Bond Strength Evaluation
of Caries-Affected Dentin/Resin Interfaces: Effects of Long-Term Water Exposure. Dent. Mater. 2008, 24, 786-798. [CrossRef]
[PubMed]

Opdam, N.J.M.; Bronkhorst, EM.; Loomans, B.A.C.; Huysmans, M.-C.D.N.J.M. 12-Year Survival of Composite vs Amalgam
Restorations. J. Dent. Res. 2010, 89, 1063—-1067. [CrossRef]

Da Rosa Rodolpho, P.A.; Donassollo, T.A.; Cenci, M.S.; Loguércio, A.D.; Moraes, R.R.; Bronkhorst, EIM.; Opdam, N.J.M.; Demarco,
EF. 22-Year Clinical Evaluation of the Performance of Two Posterior Composites with Different Filler Characteristics. Dent. Mater.
2011, 27, 955-963. [CrossRef]

Gwinnett, A.J. Quantitative Contribution of Resin Infiltration/Hybridization to Dentin Bonding. Am. J. Dent. 1993, 6, 7-9.
Kwong, S.M.; Cheung, G.S.P,; Kei, L.H.; Itthagarun, A.; Smales, R.J.; Tay, ER.; Pashley, D.H. Micro-Tensile Bond Strengths to
Sclerotic Dentin Using a Self-Etching and a Total-Etching Technique. Dent. Mater. 2002, 18, 359-369. [CrossRef]

Xie, C.; Han, Y.; Zhao, X.Y.; Wang, Z.Y.; He, H.M. Microtensile Bond Strength of One- and Two-Step Self-Etching Adhesives on
Sclerotic Dentin: The Effects of Thermocycling. Oper. Dent. 2010, 35, 547-555. [CrossRef]

Lopes, G.C.; Baratieri, C.M.; Baratieri, L.N.; Monteiro, S.; Cardoso Vieira, L.C. Bonding to Cervical Sclerotic Dentin: Effect of Acid
Etching Time. . Adhes. Dent. 2004, 6, 19-23.

Luque-Martinez, 1.V.; Mufioz, M.A.; Hass, V.; Sutil, E.; Reis, A.; Loguercio, A.D. EDTA Conditioning Increases the Long-Term
Microtensile Bond Strength to Sclerotic Dentin Mediated by Self-Etch Adhesives. J. Adhes. Dent. 2018, 20, 397-403. [CrossRef]
Zhang, G.; He, W,; Ding, N.; Su, Y.; Yu, G. Sandblasting Increases the Microtensile Bond Strength between Resin and Sclerotic
Dentin in Noncarious Cervical Lesions. Am. |. Dent. 2024, 37, 121-125. [PubMed]

Rodrigues, R.E; Ramos, C.M.; Francisconi, P.A.S.; Borges, A.F.S. The Shear Bond Strength of Self-Adhesive Resin Cements to
Dentin and Enamel: An in Vitro Study. J. Prosthet. Dent. 2015, 113, 220-227. [CrossRef] [PubMed]

Temel, U.B.; Van Ende, A.; Van Meerbeek, B.; Ermis, R.B. Bond Strength and Cement-Tooth Interfacial Characterization of
Self-Adhesive Composite Cements. Am. J. Dent. 2017, 30, 205-211. [PubMed]

Scholz, K.J.; Tabenski, L.M.; Vogl, V.; Cieplik, F.; Schmalz, G.; Buchalla, W.; Hiller, K.; Federlin, M.; Cam, C.A.D. Randomized
Clinical Split-Mouth Study on the Performance of CAD/CAM-Partial Ceramic Crowns Luted with a Self-Adhesive Resin Cement
or a Universal Adhesive and a Conventional Resin Cement after 39 Months. J. Dent. 2021, 115, 103837. [CrossRef]

Van Meerbeek, B.; Yoshihara, K.; Yoshida, Y.; Mine, A.; De Munck, J.; Van Landuyt, K.L. State of the Art of Self-Etch Adhesives.
Dent. Mater. 2011, 27, 17-28. [CrossRef]

Mazzitelli, C.; Maravic, T.; Sebold, M.; Checchi, V.; Josic, U.; Breschi, L.; Mazzoni, A. Effect of Shelf-Life of a Universal Adhesive
to Dentin. Int. |. Adhes. Adhes. 2020, 102, 102673. [CrossRef]

Glasspoole, E.A.; Erickson, R.L.; Davidson, C.L. Effect of Surface Treatments on the Bond Strength of Glass Ionomers to Enamel.
Dent. Mater. 2002, 18, 454-462. [CrossRef]


https://doi.org/10.1177/154411130401500306
https://www.ncbi.nlm.nih.gov/pubmed/15187035
https://doi.org/10.1177/0022034509342851
https://www.ncbi.nlm.nih.gov/pubmed/19783806
https://doi.org/10.3290/j.jad.a18443
https://doi.org/10.1038/s41415-020-2220-4
https://doi.org/10.1002/jbm.a.30981
https://doi.org/10.1002/jbm.b.30130
https://doi.org/10.1016/j.dental.2007.11.001
https://doi.org/10.1117/1.1914844
https://doi.org/10.1016/S0300-5712(03)00088-5
https://doi.org/10.1016/j.dental.2009.11.149
https://www.ncbi.nlm.nih.gov/pubmed/20005565
https://www.ncbi.nlm.nih.gov/pubmed/11203811
https://doi.org/10.1016/j.dental.2007.09.007
https://www.ncbi.nlm.nih.gov/pubmed/18023859
https://doi.org/10.1177/0022034510376071
https://doi.org/10.1016/j.dental.2011.06.001
https://doi.org/10.1016/S0109-5641(01)00051-3
https://doi.org/10.2341/10-025-L
https://doi.org/10.3290/J.JAD.A41358
https://www.ncbi.nlm.nih.gov/pubmed/38899990
https://doi.org/10.1016/j.prosdent.2014.08.008
https://www.ncbi.nlm.nih.gov/pubmed/25444282
https://www.ncbi.nlm.nih.gov/pubmed/29178703
https://doi.org/10.1016/j.jdent.2021.103837
https://doi.org/10.1016/j.dental.2010.10.023
https://doi.org/10.1016/j.ijadhadh.2020.102673
https://doi.org/10.1016/S0109-5641(01)00068-9

Polymers 2025, 17, 566 18 of 21

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Yiu, C.K.Y;; Tay, ER; King, N.M.; Pashley, D.H.; Sidhu, S.K.; Neo, ].C.L.; Toledano, M.; Wong, S.L. Interaction of Glass-lonomer
Cements with Moist Dentin. . Dent. Res. 2004, 83, 283-289. [CrossRef]

Xu, X.; Burgess, ].O. Compressive Strength, Fluoride Release and Recharge of Fluoride-Releasing Materials. Biomaterials 2003, 24,
2451-2461. [CrossRef]

Somani, R; Jaidka, S.; Singh, D.J.; Sibal, G.K. Comparative Evaluation of Shear Bond Strength of Various Glass Ionomer Cements
to Dentin of Primary Teeth: An in Vitro Study. Int. ]. Clin. Pediatr. Dent. 2016, 9, 192-196. [CrossRef]

Parisay, I.; Khazaei, Y. Evaluation of Retentive Strength of Four Luting Cements with Stainless Steel Crowns in Primary Molars:
An in Vitro Study. Dent. Res. J. 2018, 15, 201-207.

Miinchow, E.A.; Bottino, M.C. Recent Advances in Adhesive Bonding: The Role of Biomolecules, Nanocompounds, and Bonding
Strategies in Enhancing Resin Bonding to Dental Substrates. Curr. Oral Health Rep. 2017, 4, 215-227. [CrossRef] [PubMed]
Parameswari, B.D.; Rajakumar, M.; Lambodaran, G.; Sundar, S. Comparative Study on the Tensile Bond Strength and Marginal Fit
of Complete Veneer Cast Metal Crowns Using Various Luting Agents: An in Vitro Study. J. Pharm. Bioallied Sci. 2016, 8, S138-5143.
[CrossRef] [PubMed]

Cardoso, M.; de Almeida Neves, A.; Mine, A.; Coutinho, E.; Van Landuyt, K.; De Munck, J.; Van Meerbeek, B. Current Aspects on
Bonding Effectiveness and Stability in Adhesive Dentistry. Aust. Dent. J. 2011, 56, 31-44. [CrossRef]

Maravi¢, T.; Comba, A.; Cunha, S.R.; Angeloni, V.; Cadenaro, M.; Visinitini, E.; Navarra, C.O.; Salgarello, S.; Breschi, L.; Mazzoni,
A. Long-Term Bond Strength and Endogenous Enzymatic Activity of a Chlorhexidine-Containing Commercially Available
Adhesive. |. Dent. 2019, 84, 60-66. [CrossRef]

Comba, A.; Scotti, N.; Mazzoni, A.; Maravic, T.; Ribeiro Cunha, S.; Michelotto Tempesta, R.; Carossa, M.; Pashley, D.H.; Tay, ER,;
Breschi, L. Carbodiimide Inactivation of Matrix Metalloproteinases in Radicular Dentine. J. Dent. 2019, 82, 56-62. [CrossRef]
Maravic, T.; Breschi, L.; Comba, A.; Cunha, S.R.; Angeloni, V.; Nucci, C.; Hebling, J.; Pashley, D.; Tay, F,; Mazzoni, A. Experimental
Use of an Acrolein-Based Primer as Collagen Cross-Linker for Dentine Bonding. J. Dent. 2017, 68, 85-90. [CrossRef]

Checchi, V.; Maravic, T.; Bellini, P.; Generali, L.; Consolo, U.; Breschi, L.; Mazzoni, A. The Role of Matrix Metalloproteinases in
Periodontal Disease. Int. J. Environ. Res. Public Health 2020, 17, 4923. [CrossRef]

Maravic, T.; Mazzoni, A.; Comba, A.; Scotti, N.; Checchi, V.; Breschi, L. How Stable Is Dentin as a Substrate for Bonding? Curr.
Oral Health Rep. 2017, 4, 248-257. [CrossRef]

Turco, G.; Cadenaro, M.; Maravi¢, T.; Frassetto, A.; Marsich, E.; Mazzoni, A.; Di Lenarda, R.; Tay, ER.; Pashley, D.H.; Breschi, L.
Release of ICTP and CTX Telopeptides from Demineralized Dentin Matrices: Effect of Time, Mass and Surface Area. Dent. Mater.
2018, 34, 452-459. [CrossRef]

Comba, A.; Maravic, T.; Valente, L.; Girlando, M.; Cunha, S.R.; Checchi, V.; Salgarello, S.; Tay, ER.; Scotti, N.; Breschi, L.;
et al. Effect of Benzalkonium Chloride on Dentin Bond Strength and Endogenous Enzymatic Activity. J. Dent. 2019, 85, 25-32.
[CrossRef] [PubMed]

Pashley, D.H.; Tay, ER.; Breschi, L.; Tjaderhane, L.; Carvalho, R-M.; Carrilho, M.; Tezvergil-Mutluay, A. State of the Art
Etch-and-Rinse Adhesives. Dent. Mater. 2011, 27, 1-16. [CrossRef] [PubMed]

Breschi, L.; Maravic, T.; Cunha, S.R.; Comba, A.; Cadenaro, M.; Tjdderhane, L.; Pashley, D.H.; Tay, ER.; Mazzoni, A. Dentin
Bonding Systems: From Dentin Collagen Structure to Bond Preservation and Clinical Applications. Dent. Mater. 2018, 34, 78-96.
[CrossRef] [PubMed]

Arcari, G.M.; Aratjo, E.; Baratieri, L.N.; Lopes, G.C. Microtensile Bond Strength of a Nanofilled Composite Resin to Human
Dentin after Nonvital Tooth Bleaching. J. Adhes. Dent. 2007, 9, 333-340.

Attin, T.; Hannig, C.; Wiegand, A.; Attin, R. Effect of Bleaching on Restorative Materials and Restorations—A Systematic Review.
Dent. Mater. 2004, 20, 852-861. [CrossRef]

Boccuzzi, M.; Nota, A.; Cosola, S.; De Simone, G.; lozzo, R.; Pittari, L.; Hwang, M.H.; Bosco, F.; Polizzi, E.; Tecco, S. Effect of
Bleaching Treatments on the Adhesion of Orthodontic Brackets: A Systematic Review. BMC Oral Health 2023, 23, 758. [CrossRef]
Ari, H.; Erdemir, A.; Belli, S. Evaluation of the Effect of Endodontic Irrigation Solutions on the Microhardness and the Roughness
of Root Canal Dentin. J. Endod. 2004, 30, 792-795. [CrossRef]

Kielbassa, A.M.; Attin, T.; Hellwig, E. Diffusion Behavior of Eugenol from Zinc Oxide-Eugenol Mixtures through Human and
Bovine Dentin in Vitro. Oper. Dent. 1997, 22, 15-20.

Carvalho, C.N.; de Oliveira Bauer, J.R.; Loguercio, A.D.; Reis, A. Effect of ZOE Temporary Restoration on Resin-Dentin Bond
Strength Using Different Adhesive Strategies. J. Esthet. Restor. Dent. 2007, 19, 144-152. [CrossRef]

Serafino, C.; Gallina, G.; Cumbo, E.; Ferrari, M. Surface Debris of Canal Walls after Post Space Preparation in Endodontically
Treated Teeth: A Scanning Electron Microscopic Study. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2004, 97, 381-387.
[CrossRef]

Serafino, C.; Gallina, G.; Cumbo, E.; Monticelli, F.; Goracci, C.; Ferrari, M. Ultrasound Effects after Post Space Preparation:
An SEM Study. J. Endod. 2006, 32, 549-552. [CrossRef] [PubMed]


https://doi.org/10.1177/154405910408300403
https://doi.org/10.1016/S0142-9612(02)00638-5
https://doi.org/10.5005/jp-journals-10005-1362
https://doi.org/10.1007/s40496-017-0146-y
https://www.ncbi.nlm.nih.gov/pubmed/29177123
https://doi.org/10.4103/0975-7406.191944
https://www.ncbi.nlm.nih.gov/pubmed/27829765
https://doi.org/10.1111/j.1834-7819.2011.01294.x
https://doi.org/10.1016/j.jdent.2019.03.004
https://doi.org/10.1016/j.jdent.2019.01.007
https://doi.org/10.1016/j.jdent.2017.11.006
https://doi.org/10.3390/ijerph17144923
https://doi.org/10.1007/s40496-017-0149-8
https://doi.org/10.1016/j.dental.2017.12.003
https://doi.org/10.1016/j.jdent.2019.04.008
https://www.ncbi.nlm.nih.gov/pubmed/30998949
https://doi.org/10.1016/j.dental.2010.10.016
https://www.ncbi.nlm.nih.gov/pubmed/21112620
https://doi.org/10.1016/j.dental.2017.11.005
https://www.ncbi.nlm.nih.gov/pubmed/29179971
https://doi.org/10.1016/j.dental.2004.04.002
https://doi.org/10.1186/s12903-023-03418-9
https://doi.org/10.1097/01.DON.0000128747.89857.59
https://doi.org/10.1111/j.1708-8240.2007.00087.x
https://doi.org/10.1016/j.tripleo.2003.10.004
https://doi.org/10.1016/j.joen.2005.07.003
https://www.ncbi.nlm.nih.gov/pubmed/16728248

Polymers 2025, 17, 566 19 of 21

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Coniglio, I.; Magni, E.; Goracci, C.; Radovic, I.; Carvalho, C.A.; Grandini, S.; Ferrari, M. Post Space Cleaning Using a New Nickel
Titanium Endodontic Drill Combined with Different Cleaning Regimens. J. Endod. 2008, 34, 83-86. [CrossRef] [PubMed]
Carvalho, E.M,; Carvalho, C.N.; Loguercio, A.D.; Lima, D.M.; Bauer, J. Effect of Temporary Cements on the Microtensile Bond
Strength of Self-Etching and Self-Adhesive Resin Cement. Acta Odontol. Scand. 2014, 72, 762-769. [CrossRef]

Feiz, A.; Mosleh, H.; Nazeri, R. Evaluating the Effect of Antioxidant Agents on Shear Bond Strength of Tooth-Colored Restorative
Materials after Bleaching: A Systematic Review. ]. Mech. Behav. Biomed. Mater. 2017, 71, 156-164. [CrossRef]

Cadenaro, M.; Maravic, T.; Comba, A.; Mazzoni, A.; Fanfoni, L.; Hilton, T.; Ferracane, J.; Breschi, L. The Role of Polymerization in
Adhesive Dentistry. Dent. Mater. 2018, 35, e1-e22. [CrossRef]

Comba, A.; Maravi¢, T.; Villalta, V.; Tozzola, S.; Mazzitelli, C.; Checchi, V.; Mancuso, E.; Scotti, N.; Tay, ER.; Breschi, L.; et al. Effect
of an Ethanol Cross-Linker on Universal Adhesive. Dent. Mater. 2020, 36, 1645-1654. [CrossRef]

Mazzoni, A.; Angeloni, V.; Comba, A.; Maravic, T.; Cadenaro, M.; Tezvergil-Mutluay, A.; Pashley, D.H.; Tay, ER.; Breschi, L.
Cross-Linking Effect on Dentin Bond Strength and MMPs Activity. Dent. Mater. 2018, 34, 288-295. [CrossRef]

Mazzoni, A.; Angeloni, V,; Sartori, N.; Duarte, S.; Maravic, T.; Tjaderhane, L.; Pashley, D.H.; Tay, ER.; Breschi, L. Substantivity of
Carbodiimide Inhibition on Dentinal Enzyme Activity over Time. . Dent. Res. 2017, 96, 902-908. [CrossRef]

Maravic, T.; Mancuso, E.; Comba, A.; Checchi, V.; Generali, L.; Mazzitelli, C.; Josic, U.; Hass, V.; Reis, A.; Loguercio, A.D.; et al.
Dentin Cross-Linking Effect of Carbodiimide after 5 Years. J. Dent. Res. 2021, in press. [CrossRef]

Josic, U.; Mazzitelli, C.; Maravic, T.; Comba, A.; Cadenaro, M.; Radovig, I.; Sebold, M.; Turco, G.; Breschi, L.; Mazzoni, A. The
Effect of Carbodiimide on Push-out Bond Strength of Fiber Posts and Endogenous Enzymatic Activity. BMC Oral Health 2023, 23,
399. [CrossRef]

Heckler, B.; Yao, X.; Wang, Y. Proanthocyanidins Alter Adhesive/Dentin Bonding Strengths When Included in a Bonding System.
Am. |. Dent. 2012, 25, 276-280.

Seseogullari-Dirihan, R.; Apollonio, F.; Mazzoni, A.; Tjaderhane, L.; Pashley, D.; Breschi, L.; Tezvergil-Mutluay, A. Use of
Crosslinkers to Inactivate Dentin MMPs. Dent. Mater. 2016, 32, 423-432. [CrossRef]

Broyles, A.C.; Pavan, S.; Bedran-Russo, A.K. Effect of Dentin Surface Modification on the Microtensile Bond Strength of
Self-Adhesive Resin Cements. ]. Prosthodont. 2013, 22, 59-62. [CrossRef]

Breschi, L.; Maravic, T.; Comba, A.; Cunha, S.R.; Loguercio, A.D.; Reis, A.; Hass, V.; Cadenaro, M.; Mancuso, E.; Mayer-Santos, E.;
et al. Chlorhexidine Preserves the Hybrid Layer in Vitro after 10-Years Aging. Dent. Mater. 2020, 36, 672-680. [CrossRef]
Cadenaro, M.; Pashley, D.H.; Marchesi, G.; Carrilho, M.; Antoniolli, F; Mazzoni, A.; Tay, ER.; Di Lenarda, R.; Breschi, L. Influence
of Chlorhexidine on the Degree of Conversion and E-Modulus of Experimental Adhesive Blends. Dent. Mater. 2009, 25, 1269-1274.
[CrossRef]

Magne, P. Immediate Dentin Sealing: A Fundamental Procedure for Indirect Bonded Restorations. J. Esthet. Restor. Dent. 2005, 17,
144-154. [CrossRef]

Alghauli, M.A.; Alqutaibi, A.Y.; Borzangy, S. Clinical Benefits of Immediate Dentin Sealing: A Systematic Review and Meta-
Analysis. |. Prosthet. Dent. 2024, ahead of print. [CrossRef]

Breschi, L.; Maravic, T.; Mazzitelli, C.; Josic, U.; Mancuso, E.; Cadenaro, M.; Pfeifer, C.S.; Mazzoni, A. The Evolution of Adhesive
Dentistry: From Etch-and-Rinse to Universal Bonding Systems. Dent. Mater. 2024, 41, 141-158. [CrossRef]

Varadan, P.; Balaji, L.; Manaswini, D.Y.; Rajan, R M. Reinforced Immediate Dentin Sealing vs Conventional Immediate Dentin
Sealing on Adhesive Behavior of Indirect Restorations: A Systematic Review. |. Contemp. Dent. Pract. 2022, 23, 1066-1075.
[CrossRef]

Elbishari, H.; Elsubeihi, E.S.; Alkhoujah, T.; Elsubeihi, H.E. Substantial In-Vitro and Emerging Clinical Evidence Supporting
Immediate Dentin Sealing. Jpn. Dent. Sci. Rev. 2021, 57, 101-110. [CrossRef]

Mueller, B.; Pilecco, R.O.; Valandro, L.E,; Ruschel, V.C.; Pereira, G.K.R.; Bernardon, J.K. Effect of Immediate Dentin Sealing
on Load-Bearing Capacity under Accelerated Fatigue of Thin Occlusal Veneers Made of CAD-CAM Glass-Ceramic and Resin
Composite Material. Dent. Mater. 2023, 39, 372-382. [CrossRef] [PubMed]

Josic, U.; Sebold, M.; Lins, R.; Savovic, J.; Mazzitelli, C.; Maravic, T.; Mazzoni, A.; Breschi, L. Does Immediate Dentin Sealing
Influence Postoperative Sensitivity in Teeth Restored with Indirect Restorations? A Systematic Review and Meta-analysis. ]. Esthet.
Restor. Dent. 2022, 34, 55-64. [CrossRef] [PubMed]

Ribeiro, ].C.V.; Coelho, P.G.; Janal, M.N.; Silva, N.R.F.A.; Monteiro, A.].; Fernandes, C.A.O. The Influence of Temporary Cements
on Dental Adhesive Systems for Luting Cementation. J. Dent. 2011, 39, 255-262. [CrossRef] [PubMed]

Takimoto, M,; Ishii, R.; Ilino, M.; Shimizu, Y.; Tsujimoto, A.; Takamizawa, T.; Ando, S.; Miyazaki, M. Influence of Temporary
Cement Contamination on the Surface Free Energy and Dentine Bond Strength of Self-Adhesive Cements. ]. Dent. 2012, 40,
131-138. [CrossRef]

AlZain, S.; Kattadiyil, M.T.; AlHelal, A.; Algahtani, A. Effect of Intraoral Mechanical Cleaning Techniques on Bond Strength of
Cast Crowns to Metal Cores. J. Prosthodont. 2017, 29, 69-73. [CrossRef]


https://doi.org/10.1016/j.joen.2007.10.019
https://www.ncbi.nlm.nih.gov/pubmed/18155500
https://doi.org/10.3109/00016357.2014.903518
https://doi.org/10.1016/j.jmbbm.2017.03.010
https://doi.org/10.1016/j.dental.2018.11.012
https://doi.org/10.1016/j.dental.2020.10.004
https://doi.org/10.1016/j.dental.2017.11.009
https://doi.org/10.1177/0022034517708312
https://doi.org/10.1177/00220345211014799
https://doi.org/10.1186/s12903-023-03067-y
https://doi.org/10.1016/j.dental.2015.12.012
https://doi.org/10.1111/j.1532-849X.2012.00890.x
https://doi.org/10.1016/j.dental.2020.03.009
https://doi.org/10.1016/j.dental.2009.05.008
https://doi.org/10.1111/j.1708-8240.2005.tb00103.x
https://doi.org/10.1016/j.prosdent.2024.03.014
https://doi.org/10.1016/j.dental.2024.11.011
https://doi.org/10.5005/jp-journals-10024-3415
https://doi.org/10.1016/j.jdsr.2021.05.004
https://doi.org/10.1016/j.dental.2023.03.003
https://www.ncbi.nlm.nih.gov/pubmed/36922258
https://doi.org/10.1111/jerd.12841
https://www.ncbi.nlm.nih.gov/pubmed/34859939
https://doi.org/10.1016/j.jdent.2011.01.004
https://www.ncbi.nlm.nih.gov/pubmed/21241765
https://doi.org/10.1016/j.jdent.2011.11.012
https://doi.org/10.1111/jopr.12721

Polymers 2025, 17, 566 20 of 21

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.
121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Song, M.-Y.; An, H.; Park, E.-J. The Effect of Temporary Cement Cleaning Methods on the Retention of Crowns. J. Prosthodont.
2019, 28, €210-e215. [CrossRef]

Hammad, I.A.; Al Amri, M. The Effect of Two Fit-Indicating Materials and Various Subsequent Cleaning Methods on the Retention
of Simulated Crowns. J. Prosthet. Dent. 2008, 99, 46-53. [CrossRef]

Fonseca, R.B.; Martins, L.R.M.; Quagliatto, P.S.; Soares, C.J. Influence of Provisional Cements on Ultimate Bond Strength of
Indirect Composite Restorations to Dentin. |. Adhes. Dent. 2005, 7, 225-230.

Iwama, H.; Ishii, R.; Takamizawa, T.; Aoki, R.; Watanabe, S.; Hayashi, K.; Kamimoto, A.; Miyazaki, M. Influence of Surface
Pretreatment on the Bond Strength of a Resin Luting Cement to Saliva-Contaminated Enamel and Dentin. Oper. Dent. 2024, 49,
586-596. [CrossRef]

Tian, F; Jett, K.; Flaugher, R.; Arora, S.; Bergeron, B.; Shen, Y.; Tay, E. Effects of Dentine Surface Cleaning on Bonding of a Self-Etch
Adhesive to Root Canal Sealer-Contaminated Dentine. J. Dent. 2021, 112, 103766. [CrossRef]

Toledano, M.; Osorio, E.; Espigares, ].; Gonzélez-Ferndndez, J.E.; Osorio, R. Effects of an MDP-Based Surface Cleaner on Dentin
Structure, Morphology and Nanomechanical Properties. J. Dent. 2023, 138, 104734. [CrossRef] [PubMed]

Fichera, G.; Mazzitelli, C.; Picciariello, V.; Maravic, T.; Josic, U.; Mazzoni, A.; Breschi, L. Structurally Compromised Teeth. Part I:
Clinical Considerations and Novel Classification Proposal. |. Esthet. Restor. Dent. 2024, 36, 7-19. [CrossRef] [PubMed]

Fichera, G.; Mazzitelli, C.; Picciariello, V.; Maravic, T.; Josic, U.; Mazzoni, A.; Breschi, L. Structurally Compromised Teeth. Part II:
A Novel Approach to Peripheral Build up Procedures. J. Esthet. Restor. Dent. 2024, 36, 20-31. [CrossRef] [PubMed]

Ferrari, M.; Mannocci, F; Vichi, A.; Goracci, G. Bond Strengths of a Porcelain Material to Different Abutment Substrates. Oper.
Dent. 2000, 25, 299-305.

Mendonga, L.M.D.; Pegoraro, L.F.; Lanza, M.D.S.; Pegoraro, T.A.; Carvalho, RM.D. Effects of Coronal Substrates and Water
Storage on the Microhardness of a Resin Cement Used for Luting Ceramic Crowns. J. Appl. Oral Sci. 2014, 22, 287-293. [CrossRef]
Yanagida, H.; Tanoue, N.; Hodate, K.; Muraguchi, K.; Uenodan, A.; Minesaki, Y.; Minami, H. Evaluation of the Effects of Three
Pretreatment Conditioners and a Surface Preparation System on the Bonding Durability of Composite Resin Adhesive to a Gold
Alloy. Dent. Mater. |. 2021, 40, 1388-1393. [CrossRef]

Ozcan, M.; Barbosa, S.H.; Melo, R.M.; Galhano, G.A.P; Bottino, M.A. Effect of Surface Conditioning Methods on the Microtensile
Bond Strength of Resin Composite to Composite after Aging Conditions. Dent. Mater. 2007, 23, 1276-1282. [CrossRef]
Padipatvuthikul, P.; Mair, L.H. Bonding of Composite to Water Aged Composite with Surface Treatments. Dent. Mater. 2007, 23,
519-525. [CrossRef]

Nakabayashi, N.; Pashley, D.H. Hybridization of Dental Hard Tissues; Quintessence Pub. Co.: London, UK, 1998; ISBN 4874175759.
Sano, H.; Takatsu, T.; Ciucchi, B.; Horner, J.A.; Matthews, W.G.; Pashley, D.H. Nanoleakage: Leakage within the Hybrid Layer.
Oper. Dent. 1995, 20, 18-25.

Hanks, C.T.; Strawn, S.E.; Watahai, J.C.; Craig, R.G. Cytotoxic Effects of Resin Components on Cultured Mammalian Fibroblasts.
J. Dent. Res. 1991, 70, 1450-1455. [CrossRef]

Schneider, T.R.; Hakami-Tafreshi, R.; Tomasino-Perez, A.; Tayebi, L.; Lobner, D. Effects of Dental Composite Resin Monomers on
Dental Pulp Cells. Dent. Mater. J. 2019, 38, 579-583. [CrossRef] [PubMed]

Bouillaguet, S.; Duroux, B.; Ciucchi, B.; Sano, H. Ability of Adhesive Systems to Seal Dentin Surfaces: An in Vitro Study. ]. Adhes.
Dent. 2000, 2, 201-208.

Longo, D.L.; Paula-Silva, EW.G.; Faccioli, L.H.; Gatén-Herndndez, P.M.; de Queiroz, A.M.; da Silva, L.A.B. Cytotoxicity and
Cytokine Expression Induced by Silorane and Methacrylate-Based Composite Resins. J. Appl. Oral Sci. 2016, 24. [CrossRef]

da Fonseca Roberti Garcia, L.; Pontes, E.C.V,; Basso, EG.; Hebling, J.; de Souza Costa, C.A.; Soares, D.G. Transdentinal Cytotoxicity
of Resin-Based Luting Cements to Pulp Cells. Clin. Oral Investig. 2016, 20, 1559-1566. [CrossRef]

Bianchi, L.; Ribeiro, A.P.D.; de Oliveira Carrilho, M.R.; Pashley, D.H.; de Souza Costa, C.A.; Hebling, J. Transdentinal Cytotoxicity
of Experimental Adhesive Systems of Different Hydrophilicity Applied to Ethanol-Saturated Dentin. Dent. Mater. 2013, 29,
980-990. [CrossRef]

Ozcan, M.; Mese, A. Adhesion of Conventional and Simplified Resin-Based Luting Cements to Superficial and Deep Dentin. Clin.
Oral Investig. 2012, 16, 1081-1088. [CrossRef]

Josic, U.; Teti, G.; Ionescu, A.; Maravic, T.; Mazzitelli, C.; Cokic, S.; Van Meerbeek, B.; Falconi, M.; Brambilla, E.; Mazzoni, A.; et al.
Cytotoxicity and Microbiological Behavior of Universal Resin Composite Cements. Dent. Mater. 2024, 40, 1515-1523. [CrossRef]
Breschi, L. Buonocore Memorial Lecture 2023: Changing Operative Mindsets with Universal Adhesives and Cements. Oper. Dent.
2025, 50, 12-32. [CrossRef]

Fugolin, A.P; Lewis, S.; Logan, M.G.; Ferracane, J.L.; Pfeifer, C.S. Methacrylamide-Methacrylate Hybrid Monomers for Dental
Applications. Dent. Mater. 2020, 36, 1028-1037. [CrossRef]

Borges, L.; Logan, M.; Weber, S.; Lewis, S.; Fang, C.; Correr-Sobrinho, L.; Pfeifer, C. Multi-Acrylamides Improve Bond Stability
through Collagen Reinforcement under Physiological Conditions. Dent. Mater. 2024, 40, 993-1001. [CrossRef]


https://doi.org/10.1111/jopr.12646
https://doi.org/10.1016/S0022-3913(08)60008-6
https://doi.org/10.2341/23-170-L
https://doi.org/10.1016/j.jdent.2021.103766
https://doi.org/10.1016/j.jdent.2023.104734
https://www.ncbi.nlm.nih.gov/pubmed/37793561
https://doi.org/10.1111/jerd.13117
https://www.ncbi.nlm.nih.gov/pubmed/37615505
https://doi.org/10.1111/jerd.13118
https://www.ncbi.nlm.nih.gov/pubmed/37565412
https://doi.org/10.1590/1678-775720130455
https://doi.org/10.4012/dmj.2021-014
https://doi.org/10.1016/j.dental.2006.11.007
https://doi.org/10.1016/j.dental.2006.03.010
https://doi.org/10.1177/00220345910700111201
https://doi.org/10.4012/dmj.2018-163
https://www.ncbi.nlm.nih.gov/pubmed/31105159
https://doi.org/10.1590/1678-775720150449
https://doi.org/10.1007/s00784-015-1630-1
https://doi.org/10.1016/j.dental.2013.07.006
https://doi.org/10.1007/s00784-011-0594-z
https://doi.org/10.1016/j.dental.2024.07.004
https://doi.org/10.2341/24-120-B
https://doi.org/10.1016/j.dental.2020.04.023
https://doi.org/10.1016/j.dental.2024.05.002

Polymers 2025, 17, 566 21 of 21

133. Marzouk, T.; Sathyanarayana, S.; Kim, A.S.; Seminario, A.L.; McKinney, C.M. A Systematic Review of Exposure to Bisphenol A
from Dental Treatment. JDR Clin. Trans. Res. 2019, 4, 106-115. [CrossRef] [PubMed]

134. Breschi, L.; Josic, U.; Maravic, T.; Mancuso, E.; Del Bianco, F; Baldissara, P.; Mazzoni, A.; Mazzitelli, C. Selective Adhesive Luting:
A Novel Technique for Improving Adhesion Achieved by Universal Resin Cements. J. Esthet. Restor. Dent. 2023, 35, 1030-1038.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1177/2380084418816079
https://www.ncbi.nlm.nih.gov/pubmed/30931707
https://doi.org/10.1111/jerd.13037
https://www.ncbi.nlm.nih.gov/pubmed/36971211

	Introduction 
	Substrates for Adhesion in Prosthodontics 
	Enamel 
	Dentin 
	Differences Between Enamel and Dentin with Regard to Adhesion 
	Pretreated Dentin as a Substrate for Adhesive Cementation 
	Immediate Dentin Sealing 
	Substrate Decontamination Before Cementation 
	Build-Ups as Substrates for Cementation 
	Pulp Protection and Material Toxicity 

	Discussion and Future Perspectives 
	Conclusions 
	References

