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Abstract Objective: Overview of the updated literature on the classification of adhesives systems

and CAD/CAM materials with clinical guidelines to condition various surfaces for bonding to the

tooth structure.

Data sources: Searches were conducted in MEDLINE, EMBASE, PubMed, Web of Science,

Scopus, Cochrane Library, and Google Scholar using specific keywords.

Results: 240 papers were revised, 150 articles were excluded, and 90 were eligible for the review.

Most studies concluded the essentiality of bonding E-max, zirconia, and hybrid materials to

enhance fracture toughness and fatigue resistance. The success of ceramic bonding depends on

the microstructure and surface treatment of the materials. The proper treatment of the intaglio

starts with using alumina oxide or hydrofluoric acid. This initial treatment could be followed by

monobond salinization, which improves the chemical adhesion. Zirconia-based ceramics have

grown lately and become the most prescribed for posterior and anterior teeth. Zirconia can be

bonded to the tooth structure using the APC concept and 10 MDP promoting primers. Three hun-

dred adhesive resin systems are currently available in the market, and each is different in chemical

composition and clinical bonding strength. Of the three hundred systems, the total-etch system

remains the gold standard, especially on the enamel surface. The self-etch adhesive system is favor-

able on dentin due to lowering the postoperative sensitivity. A new generation of dentin adhesives,

called universal or multi-mode adhesives. This system has become popular and can be used either as

etch-and-rinse or self-etch adhesives.

Conclusion: The chemistry of adhesive systems has changed across generations. The variation of

dental tissue is the decisive factor in selecting adhesive systems, resin cement, and ceramic materials.
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Moreover, a reliable bonding strength necessitates a perfect surface treatment and bonding pro-

moter for tooth and CAD/CAM materials.

� 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction and background

Adhesion is an ideal approach for restorative treatment. The
significant improvement of bonding agents and resin cement
creates an excellent marginal seal, upgrades the endurance rate
of restorations, and minimizes the aggressivity of tooth prepa-

ration (Sofan et al., 2017).
In 1955, M. Buonocore improved adhesion to dental tissue

by exposing the enamel surface to 38% orthophosphoric acid.

He and Matsui proposed the usage of 37% phosphoric acid to
increase the microscopic surface area for resin retention
(Pashley et al., 2011). Nakabayashi and Fusayama discovered

the adhesion to dentin by introducing the compatibility
between adhesive resin and dentinal tubules, named hybrid
layer (Van Meerbeek et al., 2011).

Forming a hybridization layer occurs by the diffusion of

monomers through the capillary attraction that crosslinks
the resin into the collagen of dentin, which necessitates surface
conditioning either mechanically or chemically (Neimar

Sartori, 2017).
Dental adhesives contain resin monomers, organic solvents,

inhibitors, initiators, and fillers. Organizations and researchers

have improved adhesive agents to maximize their bonding
strength by using fewer bottles. Thus, at present, over 300
adhesive systems have been manufactured (Van Landuyt

et al., 2007).
The longevity of the resin in the interface varies depending on
the dental tissue. Enamel is a suitable substrate because of its

inorganic composition, which contains less water and remains
an ideal substrate for resin monomers (Susin et al., 2007).

Restoring the shape, color, and function of the teeth is still

challenging. However, the development of the CAD/CAM
materials eases the treatment of decayed, fractured, and eroded
teeth due to the unique features of ceramic materials

(Angeletaki et al., 2016).
Adhesion to CAD/CAM restorations was the reason to

outspread the ceramic throughout the world. They became
the first choice for dentists due to their biocompatibility, aes-

thetics, and hardness (Elsaka, 2014). Several materials are pre-
sently available for the digital process, and they are accessible
in blocks or disks. These materials are utilized in restorative

dentistry, dental implantology, and complex prosthetics ther-
apy. Selecting the appropriate material requires close attention
to the occlusion and habits of the patient. Manufacturers and

researchers produce various CAD/CAM materials to meet
patient expectations regarding esthetics and longevity. Thus,
CAD/CAM materials have been synthesized with a high mod-
ulus of elasticity, hardness, crake toughness, wear resistance,

and some demonstrate resilience and repairability (Arnetzl
and Arnetzl, 2015).

Ceramic materials are different in their compositions and

mechanical properties, which becomes easy to use with

http://creativecommons.org/licenses/by-nc-nd/4.0/
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CAD/CAM-based machines. Resins blocks are very valuable
due to their simplicity in fabrication although glass-ceramics
have a superior aesthetic appearance and better mechanical

properties. Hybrid ceramics combine ceramic and resin, offer
both ceramic and composite features, and display superior
mechanical properties (Ruse and Sadoun, 2014). In general,

ceramic materials are categorized into glass, polycrystalline,
and resin-matrix materials (Gresnigt et al., 2015).

Today, professionals are passionate about using CAD/

CAM technology, software, and adhesive systems for many
reasons. A primary advantage of the technology is that is facil-
itates quick treatment. Hence, the primary purpose of this
paper is to review the updated literature regarding the scientific

guidelines of clinical bonding protocols, the differences
between CAD/CAM materials, and the types of adhesive resin
cement.
2. Material and methods

2.1. Information source and search

This review started in May 2020 until August 2020. An elec-

tronic search was conducted through Medical Subject Heading
(MeSH) terms, literature libraries, and free-text words. The
search aimed to retrieve in vitro, in vivo studies, and a system-

atic review that explained the classification of ceramic materi-
als, adhesive systems, and the bonding protocols of CAD/
CAM materials to the tooth structure. Three reviewers

screened the eligible papers by two methods: either directly
through literature libraries or indirectly through article refer-
ences. The complete text was analyzed by two reviewers to
decide the final collection using SPSS IBM software Version

27 for Interobserver agreement (Cohen’s kappa). The review-
Fig. 1 PRISMA flow diagram.PRISM, Prefer
ers discussed and resolved disagreements regarding selection
among themselves before proceeding.

2.2. Eligibility criteria

Articles eligible for inclusion were considering CAD/CAM
materials and adhesion protocols, in vitro and in vivo studies

that evaluating the toughness and fatigue resistance of ceramic
materials using CAD/CAM technology, papers focusing on
micro-and macro-shear in addition to micro-and macro-

tensile bonding strength, and reviews that compared a variety
of cement on enamel or dentine and involving ceramic/cement/
human tooth complex.

The articles meeting one or more of the following criteria
were excluded: Papers aimed at studying the fracture resistance
of implant-supported ceramic restorations, papers focusing on
digital impressions, or excluding the bonding strength from the

methodology, articles with less than 30 samples in their exper-
iments or no control group, studies that examined the strength
of the materials using cementation instead of bonding.

3. Results of the research

3.1. Study selection

Fig. 1 illustrates the methodology for the electronic searches

that retrieved 240 non-duplicate articles; a total of 90 studies
were included in this review. Through Medline (PubMed)
and Embase, 122 articles were extracted after analyzing their

abstracts. Web of Science and Scopus provided 25 articles
while Cochrane and Google Scholar presented 93, while 25
studies were not relevant and out of scope of this review. There
were 35 papers that did not meet the inclusion criteria. There
red Reporting Items for Systematic Review.
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were 50 articles that did not test the bonding strength, and 40
articles were excluded due to insufficient sample size, no con-
trol group, and methodological quality.

Regarding in vitro or in vivo studies, the most common rea-
sons for exclusion were the absence of adhesion protocol, the
sample preparation methods, or the lack of clarity in bonding

tests. The papers that studied ceramic materials and did not
show the intaglio surface treatment or the types of resin
cement that were discarded.

The result of Cohen’s kappa coefficient for inter-rater reli-
ability was 0.80 regarding the final inclusion of suggested stud-
ies after complete text analysis, which is generally considered a
strong level of agreement (Landis and Koch, 1977).

3.2. Modern dental adhesive systems

The concept of adhesion improved the treatment approach in

restorative therapy. Bonding to tooth surface has become
essential in most dental treatments as orthodontic brackets,
dental posts, and ceramic materials. The primary purpose of

bonding is the creation of micro-mechanical retention between
CAD/CAM materials and the tooth structure. It may be
achieved chemically, mechanically, or through a combination

of both (Piwowarczyk et al., 2004).
The adhesive systems are comprised of resin monomers,

curing initiators, inhibitors, stabilizers, solvents, and fillers.
Monomers are spread over a substrate to ensure that the resin

cement adheres to the tooth structure (Perdigao, 2007). Conse-
quently, they consist of hydrophilic and hydrophobic compo-
nents, which promote wettability with the dental structure

and interact with resin materials, respectively (Van Landuyt
et al., 2007).

The three main components of the adhesive system are

etchant, primer, and adhesive resin (Bedran-Russo et al.,
2017). The adhesion process starts with the application of a
Table 1 Summary of Modern Dental Adhesive Systems.

Generation Brand name Polymerization

A

4th generation

Three-steps etch-

rinse

All-Bond 2 Dual cured

Optibond FL Light cured

Adper Scotchbond Multi-

Purpose plus

Light + Dual

cured

FL Bond Light cured

Scotchbond Multi-Purpose Light cured

Bond-it Light + Dual

cured

B

5th generation

Two-steps etch-

rinse

Scotchbond 1 [Single Bond] Light cured

Prime&Bond NT Dual cured

Single Bond 2 Light cured

All bond plus Light cured

ExciTE F Light cured

C

6th generation

Two-steps self-

etch

Adper Scotchbond SE Light cured

FL bond II Light cured

Clearfil Protect Bond Light cured

D

7th generation

All-in-one

OptiBond All-In-One Light cured

Clearfil S3 Bond Plus Light cured

Adper Easy one Light cured
surface conditioning agent (typically 35–37% phosphoric acid)
to eliminate the smear layer from the tooth surface and make it
rougher. Next, the primer is applied, as it acts as a bio-

functional agent to enhance the attachment between enamel/-
dentin and resin materials (Peumans et al., 2010). Finally,
the adhesive (comprised of a monomer, photo-initiator, and

fillers) is used. Depending on their type (self-cure, light-cure,
or dual-cure), adhesives may need to be polymerized. Cur-
rently used adhesive systems can be categorized into total-

etch, self-etch, and universal systems based on the smear layer
removal, chemical reaction, and the steps involved in their
application. However, how to select the ideal adhesive remains
debated.

Total-etch systems contain three components (etchant, pri-
mer, and resin), usually packaged in separate bottles and
applied sequentially (Table 1 A shows the most common

three-step adhesives available in the market). They are
regarded as the gold standard due to their high durability
and superior bonding strength, which can reach up to

51.39 MPa after a month of storage (Armstrong, Vargas
et al., 2003, De Munck et al., 2005a).

Because of its organic composition, bonding to dentin is

more challenging relative to the enamel. Moreover, during
etching, there is a risk of dentin demineralization, which would
expose the collagen fibrils or proteins (such as matrix metallo-
proteinases MMP 2,9,22) that facilitate the hybrid layer (enzy-

matic) degradation.
The two-step system—combining the primer with resin into

one bottle, while using 35–37% phosphoric acid as an etching

agent—is often used in clinical practice to minimize the num-
ber of bonding steps (the most common two-step adhesives
are shown in Table 1 B). However, the bonding strength

achieved by this system is weaker compared to the total-etch
variants (40.36 MPa after a month of storage) and is prone
to osmotic degradation, whereby the primer resin is converted

from the hydrophobic to hydrophilic form (Armstrong et al.,
2003).

Thus, to avoid the hybrid layer degradation and shorten the
bonding steps, self-etching adhesive can be utilized (the most

common types are shown in Table 1 C) (Sundfeld et al.,
2005). This system is applied in one or two steps depending
on the composition of the primer and the self-etch adhesive

type. As acidic monomers are the main component of this
adhesive, pH less than 1 is considered a strong acid,
pH = 1.5 as intermediate, and pH > 2 as a mild acid. The

main drawback of this system is the shallow hybrid layer
and weak bonding (Kenshima et al. (2006)).

Lastly, universal adhesive systems, called ‘‘multi-mode” or
‘‘multi-purpose,” represent the most common universal adhe-

sives in the market (these are shown in Table 1 D). The system
was introduced in 2011 and can be used as a self-etch on dentin
and total-etch on enamel (Perdigão et al., 2012). The universal

adhesive has a 10-methacryloyloxydecyl dihydrogen phosphate
[MDP] that stimulates a solid adhesion to the tooth surface by
forming a non-soluble Ca2 salt (Tay and Pashley, 2001). This

system has Dipentaerythritol penta-acrylate phosphate ester
and polyalkenoic acid, which are helpful in chemically bonding
the resin (Tay and Pashley, 2001).

According to clinical and lab studies, total-etch adhesives,
either 3-step or 2-step systems, have excellent bonding strength
of CAD/CAM materials to the tooth structure (Mahn et al.,
2015). On the other hand, self-etch systems showed unique fea-
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tures regarding the low incidence of postoperative sensitivity
(Sancakli et al., 2014). Studies showed inferior clinical out-
comes and weak bond strength, especially with all-in-one sys-

tems or self-etch adhesive, which mandates using phosphoric
acid as a separate step to achieve reliable bonding to enamel
(Peumans et al., 2014).

3.3. Bonding CAD/CAM materials on enamel vs dentin

Studies have shown different conclusions with respect to the

longevity of the adhesive and CAD/CAM materials (Bavbek
et al., 2013). The bonding strength of CAD/CAM materials
might be distinctive due to the type of dental substrate since

dental tissue has different compositions and volumes of miner-
als, protein, and water (Jain and Stewart, 2000). Enamel con-
tains, by weight, 95% inorganic matter, 4% water, and 1%
organic matter. Consider this compared to dentin, which has

65% inorganic matter, 20% water, and 15% organic matter
(He and Swain, 2009). In vitro studies affirmed that bonding
to enamel varies from bonding to dentin due to the chemical

reaction in the presence or absence of moisture (Jang et al.,
2016).

Enamel and dentin require different conditioning

approaches; enamel surface must etch with 35% phosphoric
acid for 20 s to remove the smear layer, providing 5 to 50
mm per space for bonding agents. Adhesion to dentin necessi-
tates less time of etching (about 15 s) to provide space around

3.0 mm to 5.0 mm. Hydrophilic primer is the next step with
ethanol, acetone, or a water base to facilitate the bifunctional
interlocking between dentin and resin monomers (Perdigão

et al., 1996).
Clinically, indirect restorations will bond onto both enamel

and dentin, so selective etching is the ideal solution because it

provides a high bonding quality for both structures (Cuevas-
Suárez et al., 2019). Higher bonding strength to the enamel
may be attained by one of these methods: using total-etch

adhesives (Van Meerbeek et al., 2011) or ‘‘universal,‘‘ ‘‘multi-
purpose,” or ‘‘multimode‘‘ adhesives combined with phospho-
ric acid as a separate step (Muñoz et al. (2013), Chen et al.,
2015).
Fig. 2 Classification system of all –c
Bonding ceramic materials on dentin can be achieved with
self-etching adhesives. Etching monomers can remove part of
the smear layer and attach the resin to intrafibrillar dentin

tubules. It can demineralize around 5 to 7 mm of dentin and
increase the porosities within the collagen matrix (Pashley
et al. (2011), Latta et al., 2020). The chemical reaction between

carboxylic, phosphonic, or phosphate groups with mineral
apatite increases resin permeability to dentin. However,
increasing the etching time may lead to more dentinal fluid dri-

ven by pulpal pressure (Lin et al., 2010). Therefore, adhesion is
more successful on superficial rather than deep dentin, which
requires less tooth preparation and necessitates use of vasocon-
strictor local anesthesia.

Dentinal tissue must seal immediately with a bonding agent
to avoid bacterial leakage and post-operative sensitivity
(Magne, 2005). This technique, called immediate dentin seal-

ing, is usually done before the final impression to prevent
any problems in restorations seating. The advantage is enhanc-
ing bond strength, (Jayasooriya et al., 2003a; Ozturk and

Aykent, 2003) limiting the marginal gap, (Jayasooriya et al.,
2003b) and reducing post-operative sensitivity.

3.4. Classification of CAD/CAM materials

CAD/CAM technology speeds the treatment in prosthodontics
and advanced operative clinics. These technologies assist in
scanning the prepped tooth, occlusion, and adjacent teeth

using 3D designers, such as CEREC and Plan Scan systems.
These systems need milling machines to fabricate restorations
automatically (Alghazzawi, 2016; Kelly and Benetti, 2011;

Kollmuss et al., 2016).
Ceramic materials are better than metal restorations due to

their esthetic, optical properties, biocompatibility, and mechan-

ical properties (Zarone et al., 2011). In the beginning, ceramic
was fabricated from metallic and nonmetallic compounds.
The microstructure then changed to be a silicon-based material.

Today, ceramic is polycrystalline due to the hybridity in the
compositions (Van Noort, 2007; Ho and Matinlinna, 2011).

Fig. 2 shows the Kelly and Benetti main classification for
ceramic restorations. In general, ceramic is classified based

on the phases present in its composition to predominantly
eramic and ceramic like materials.



Table 2 Most of CAD/CAM Glass-Ceramics Materials.

Material Brand name Composition Flexural strength

A

Feldspathic ceramics VITA Mark II Mixtures of sodium potassium aluminum silicate peak [Na2O, Al2O3,

6SiO2] and [K2O, Al2O3, 6SiO2].

160 MPa (Bindl et al.,

2003)

Leucite-reinforced

glass-ceramics

Empress CAD Leucite crystals up to 40% of [SiO2-Al2O3-K2O] and [Na2O, BaO, CaO,

CeO2, B2O3, Ti02].

185 MPa (Höland et al.,

2000)

Lithium disilicate–

reinforced glass–

ceramic

IPS e.max

CAD

SiO2-Li2O-K2O-ZnO-P2O5-Al2O3-ZrO2 in needle-like shape [0.5 to

4 lm]. (Kokubo et al., 2009)

360 MPa (Guess et al.,

2011)

Zirconia-reinforced

lithium silicate

VITA

Suprinity

10% by weight of dispersed zirconia particles embedded in a fine-grained

glass matrix of 500 to 800 nm.Composed of [SiO2, Li2O, K2O, P2O5,

Al2O3, ZnO2, CeO2]. (Cuevas-Suárez, da Rosa et al.)

380 MPa (VITA

Suprinity: VITA

Zahnfabrik, 2013)

Celtra Duo Containing 10% zirconia plus [SiO2, Li2O, Zr02, P2O5, Al2O3, K2O,

CeO2]. Ultrafine lithium silicate crystals with an approximate size of 0.5

to 0.7 lm embedded in the glass matrix.

370 MPa (Celtra Duo.

Dentsply, 2013)

B

Alumina- based

ceramics

ProceraTM

AllCeram

High-purity Al2O3 around 99% combined with a low surface percaline. 600 MPa (Kokubo et al.,

2009)

Zirconia-based

Ceramics

NobelProcera

Zirconia

Nobel Biocare

In-Ceram YZ

Katana

Zirconia

Zirconia {zirconium dioxide, ZrO2} combined with stabilizer as ceria

[CeO2], yttria [Y2O3], alumina [Al2O3], magnesia [MgO] and calcia

[CaO].

1000 MPa (Nistor et al.,

2019)

C

Hybrid ceramics VITA Enamic Glass-ceramic in a resin interpenetrating matrix.Ceramic: [86 wt%]

composed of: SiO2, Al2O3, Na2O, K2O, and B2O3.

Polymer: [14 wt%] composed of UDMA and TGDMA. (Coldea et al.

(2013)

160 MPa (Wendler et al.,

2017)

Resin nano-ceramics Lava Ultimate Nanometric colloidal silica clusters [0.6–10 lm] and ZrO2 spherical

particles in agglomerated and non-agglomerated form [80% wt]

embedded in polymer matrix [ Bis-GMA + UDMA + Bis-

EMA + TEG-DMA](Gracis et al., 2015; Gresnigt et al., 2016)

200 MPa (Lauvahutanon

et al., 2014)

Nano-ceramic matrix Cerasmart Composite resin material with a flexible nanoceramic matrix and an even

distribution of nanoceramic particles.

230 MPa (Lauvahutanon

et al., 2014)
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glass with inorganic material, polycrystalline contains inor-
ganic ceramics without glass phase, and resin-matrix ceramics

include polymer matrices with an inorganic component
(Gracis et al., 2015).
3.4.1. Glass-Matrix ceramics

Table 2 A displays the most favorable glass-based that classi-
fied into three main categories: feldspathic, synthetic, and
glass-infiltrated ceramics. The main structure has Quartz [55–

65%] for the transparency, alumina [20–25%] for strength,
plus kaolin [4%] opaquer. With the popularization of CAD/
CAM technologies, glass-based ceramic ended up in different

designs as lithium disilicate reinforced ceramics, leucite-
reinforced glass-ceramics, glass infiltrated with alumina, and
glass infiltrated with zirconia ceramics.

3.4.2. Polycrystalline ceramics

For CAD/CAM materials to be more substantial with high
elastic modulus, they require agglomeration of fine-grain crys-

tals without glass to prevent crack propagation. Table 2 B dis-
plays polycrystalline ceramic materials that are a good choice,
especially for bruxism patients. This material has crystals den-
sely packed into regular arrays and sintered with no glass

matrix (Giordano, 2010). Alumina is an example of polycrys-
talline material made from powders filled with about 70%
crystalline density. Typically, it shrinks approximately 30%

by volume during firing, and the color will turn opaque
(Kelly and Benetti, 2011).

Zirconia is now a well-known material in dentistry. It has

widely spread over the past few years because of its outstand-
ing physical properties and the high flexure strength that
ranges from 900 to 1100 MPa (Papanagiotou et al., 2006). Zir-

conia mineral is extracted initially from zirconium and is
crushed into a powder with specific particle size. Then, the zir-
conia powder is mixed with metal oxides, yttrium, aluminum,
and hafnium. Each mineral serves a particular function;

yttrium is used to stabilize the tetragonal phase and aluminum
is used for corrosion resistance.

Zirconia has three temperature-dependent forms (Chevalier

et al., 2009). The monoclinic phase is formed at a range from
room temperature to 1170 �C, the tetragonal phase is formed
in temperatures ranging between 1170 �C and 2370 �C, and
the cubic phase is formed from 2370 �C to the melting point
(Liu and Essig, 2008; Miyazaki et al., 2013). When zirconia
presents in the monoclinic phase, the final material will be
weak. Therefore, enhancement of strength and fracture tough-

ness occurs while the powder is first processing to stabilize the
tetragonal phase at room temperature. Still, this process is
accompanied by a volume shrinkage of around 4% to 5%.



Table 3 Summary of Surface conditioning protocol for CAD/CAM materials.

Restoration preparation Exact methods

A Conditioning Protocol for Glassy Matrix Ceramics

Cleaning a restoration before try-in - Restoration is cleaned with ultrasonic technique in a water bath.

- Restoration dries to avoid any bacteria transmission to a patient.

Cleaning intaglio surface of CAD/CAM materials after try-

in.

- Two ways of cleaning:1- Sandblasting with alumina oxide 50-lm, then rinsing

and drying.2- Ultrasonic cleaning in distilled water for 5 min.3- Using a layer of

Ivoclean by applying it to the entire bonding surface of the restoration for 20 s,

then rinsing and drying. (Information provided by Ivoclar Vivadent Inc, 2013)

Etching the intaglio surface with hydrofluoric acid. 1-Placing the acid liquid inside or on the face of the surface.2- For feldspathic

ceramic: 9.6% HF for 2 min.3- For leucite reinforced ceramics: 5% HF for

1 min.4- For lithium-disilicate–reinforced ceramics: 5% HF for 20 s. (Matinlinna

and Vallittu, 2007)

Washing and rinsing the etched ceramic surface Tap water rinsing for at least 1 min.

Appling Phosphoric Acid H3PO4 Placing the etching acid with continuous agitation for 10 s.

Appling a silane coupling agent 1-Using a clean brush, and dry for a minute

B Conditioning Protocol for Polymer-infiltrated Restorations

Cleaning a restoration before try-in - Restoration is cleaned with ultrasonic technique in a water bath.

- Restoration dries to avoid any bacteria transmission to a patient.

Cleaning intaglio surface of CAD/CAM materials after try-

in.

- Two ways of cleaning:

1- Sandblasting with alumina oxide 50-lm.

2- Ultrasonic cleaning in distilled water for 5 min.

Etching the intaglio surface with hydrofluoric acid. - 2–5% hydrofluoric acid for 60 s.

Washing and rinsing the etched ceramic surface - Tap water rinsing for at least 1 min or scrub phosphoric acid with a clean brash

for 20 s.

Appling Phosphoric Acid H3PO4 - Placing the etching acid with continuous agitation for 10 s, and that helps to

remove the hazardous HF remnants.

Appling a silane coupling agent - Using a clean brush, and dry for a minute.

C Conditioning Protocol for Zirconia Restorations (Inokoshi and Van Meerbeek,

2014)

Cleaning a restoration before try-in - Restoration is cleaned with ultrasonic in a water bath

- Restoration dry to avoid any bacteria transmission to a patient.

Sandblasting intaglio with silica coated Al2O3 particles

50 lm in size.

- Using low pressure [1–2 bar] to avoid large cracks.

Cleaning the intaglio surface. - Using a cleaning paste [Ivoclean] for 20 s. (Alfaro et al., 2016)- Rinse and dry

with oil free line.

Apply a combined 10-MD, silane ceramic primer. - Using a clean brush and dry for a minute.

D Conditioning Protocol Nanoceramic Restorations

Sandblasting the material surface with silica coated Al2O3

particles or air abrasion with 27 to 50 lm in size.

- Using low pressure [1–2 bar] to avoid large cracks.

Cleaning intaglio surface of CAD/CAM materials after try-

in.

- Ultrasonic cleaning in distilled water for 5 min or using phosphoric acid for

20 s.

Apply a universal adhesive agent - Using a clean micro brush for 20 s, and dry for 5 s without light curing (Fuentes

et al., 2013).
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However, this phase is changeable and not stable under
extreme stresses as bur grinding that known as t ? m transfor-

mations (Zhang and Lawn, 2018).

3.4.3. Resin-Matrix ceramics

Resin-matrix ceramics are classified as ceramic materials con-

taining 50% of inorganic structures and few organic polymers
(American Dental Association. CDT: Code on dental
procedures and nomenclature. http://www.ada.org/en/

publications/cdt/. Accessed March 17). Table 2 C illustrations
the different types of Resin-matrix CAD/CAM materials that
signify the advantages of polymers and glass-ceramics (Coldea

et al., 2013). Resin-matrix ceramics have a high modulus of
elasticity, similar to dentin tissue. Furthermore, they do not
require any further steps after milling, and they are easy to
repair and modify with a direct composite material. Regarding
material longevity, most clinical trials showed acceptable clin-

ical results, with a survival rate of 90% after 5 years.
They used 3-D design.

3.5. Surface conditioning protocol for CAD/CAM materials

CAD/CAM materials require an ideal intaglio treatment
before bonding to the tooth structure. To ensure the proper

surface conditions, a complete understanding of the ceramic
microstructure is necessary (M. N. Aboushelib and Sleem,
214). CAD/CAM materials can be treated chemically or
mechanically (Blatz et al., 2003; Strasser et al., 2018). The

chemical treatment is usually done with 5% or 9 % hydroflu-
oric acid (Tian et al., 2014). The acid reacts with silica to form
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hydrofluorosilicic acid, creating a space for resin cement and
making the surface rougher (Alex, 2008). Monobond silane
coupling agent is used after the acid to enhance the chemical

adhesion to CAD/CAM materials. It combines silane, phos-
phoric, and sulfide methacrylate.

The mechanical treatment is done by subjecting the intaglio

surface to air particles abrasion with 25, 27, or 50-lm alu-
minum oxide. Sandblasting with alumina air particles showed
a significant surface alteration in hybrid ceramic resin and zir-

conia restorations (M. N. Aboushelib and Sleem, 214).

3.5.1. Adhesion to glass matrix restorations

Feldspathic, leucite, and lithium disilicate materials require

ideal surface conditioning using hydrofluoric acid gel or a
phosphate fluoride, as shown in Table 3 A. The acid purpose
is to remove part of the silica from a matrix, exposing the glass

to increase the adhesion of resin-based luting cement to the
intaglio surface (Özcan and Volpato, 2015). On the other side,
silane coupling agents encourage adhesion by forming the
siloxane bonds between the inorganic materials of the ceramic

and the organic materials of the bonding agent (Matinlinna
et al., 2006).

3.5.2. Adhesion to polymer-infiltrated ceramic

This material was announced when CAD/ CAM technologies
began using it significantly in dentistry. The microstructure of
this material contains a ceramic matrix filled with less polymer

material. The intaglio surface is treated with etching gel to pro-
vide an optimum interface with resin cement, as shown in
Table 3 B. Etching will expose the resin network and selec-

tively remove part of the ceramic matrix (Hu et al., 2016). Sali-
nation is an important step; methoxy groups in silane will react
chemically with SiO2 and polymer resin, which forms the

chemical adhesion (Elsaka, 2015).

3.5.3. Adhesion to Zirconia restorations

Zirconia is one of the most-used restorative material as the

accessibility of CAD/ CAM technologies grows. Bonding zir-
conia is beneficial because it supports a thin or less durable
restoration; it demands proper surface treatment for the

restoration and the tooth, as shown in Table 3 C (Blatz
Table 4 summary of Adhesive resin cements for CAD/CAM

restorations.

Resin cement Polymerization

mode

Adhesive system uses

with it

A Etch and rinse adhesive cement

Variolink II Dual-cured Excite F DSC

Rely X ARC Dual-cured Adper Single Bond

Plus

Variolink Veneer Light-cured Excite F

Rely X Veneer

Cement

Light-cured Adper Single Bond

Plus

B Self-etch adhesive cement

Clearfil Esthetic

Cement

Dual-cured OptiBond XTR

Panavia 21 Self-cured Clearfil DC Bond

Panavia F 2.0 Dual-cured ED primer II
et al., 2010). Zirconia material cannot be roughened with etch-
ing gel because of the lack of silica, so the bonding is achieved
by applying the APC concept. This concept involves three

practical steps: air particle abrasion, zirconia primer, and
adhesive resin (Blatz et al., 2016).

3.5.4. Adhesion to nanoceramic indirect restorations

The new hybrid Lava Ultimate materials have advantages over
composite materials. They have a nice glossy surface, accepted
compressive strength, and excellent machinability and

repairability. The surface treatment of this material is differ-
ent, as shown in Table 3 D. It contains 80 wt% of zirconia
and silica particle entrenched in a 20 wt% resin matrix

(Fasbinder, 2012). The intaglio surface is treated by air abra-
sion of 27 lm aluminum oxide at a pressure of 2 bar (Özcan
and Volpato, 2016). Sandblasting the material will enhance

the roughness and provide micromechanical and chemical
adhesion of the adhesive resin cement (Blatz et al., 2003).

3.6. Adhesive resin cements for CAD/CAM restorations

Resin cement can be categorized based on chemical interaction
with the dental tissue into three types: non-adhesive, chemi-
cally bonded, and micromechanical bonded cement (Sillas

Duarte Jr, 2011). Non-adhesive cement does not require sur-
face treatment for either a tooth or a restoration. It is com-
monly used with porcelain fused to metal or thicker ceramic

restorations (1.5 mm to 2 mm).
Table 4 A shows the most common etching and rinsing

adhesive cements that have the same clinical steps as the

total-etch adhesive system. The tooth surface is usually etched
with 35% phosphoric acid for conditioning the surface to cre-
ate some roughness, which helps cement infiltrate deeper inside
the porosities (Thompson et al., 2011).

Table 4 B displays the self-etch adhesive cement that elim-
inates the usage of acid etching. In this case, no rinsing is
required, and an acidic monomer will saturate the smear layer

(Tay et al., 2000). Self-etch adhesives have varying acidic pH—
ultra-mild (pH > 2.5), mild (pH � 2.0), and strong (pH � 1.
0)—and have 10 MDP that interact chemically with tooth

structure to enhance the bonding durability (Van Meerbeek
et al., 2011).

Self-adhesive resin cement has been introduced as a substi-
tute for multistep resin cement. It does not require any surface

conditioning. Moreover, phosphoric acid methacrylate (with a
pH less than 2.0) can partially remove tooth minerals and
replace them with cement (De Munck et al., 2004; Goracci

et al., 2006). The bonding strength will be less than other types
of adhesive cements due to the accumulation of the smear plug
in the interface (Al-Assaf et al., 2007).

In terms of comparability, zinc phosphate cement and glass
ionomer cement produce the lowest shear bond strengths. The
highest shear bond strengths were found with Panavia F2.0,

Multilink, and Rely X Unicem (Peutzfeldt et al., 2011). Self-
etch cement presents a better bonding strength than self-
adhesive cement, especially on dentin substrate. A self-
etching cement, either dual-cure, light-cure, or flow, produce

better results, such as Variolink II or Excite DSC, to the
enamel. Moreover, Variolink II and Panavia show higher
bonding strength when restoration adheres to dentin and

enamel (Lührs et al., 2010).
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4. Discussion

This review is designed to create up-to-date scientific guidelines
regarding adhesion protocols for CAD / CAM material to the

tooth structure, clarifying the various types of adhesive sys-
tems. This paper aims to provide a recent overview that
explains each topic separately and then compares the differ-

ences between adhesive systems, CAD/CAM materials, and
resin cement in an orderly fashion.

This topic appeals to many practitioners because of the
widespread use of ceramic and adhesive materials. Further-

more, old retention concepts, like pins and grooves, have been
substituted with chemical and micromechanical adhesion to
save tooth structures from aggressive preparation. Ceramic

and zirconia restorations showed more advantages than metal
or gold restorations due to the manufacturing simplicity with
CAD/CAM technology.

In the past, CAD/CAM materials were cemented with con-
ventional cement-like glass ionomers with limited adhesive
technique, so thicker ceramic materials were required to with-

stand the masticatory forces, which necessitated a harsh prepa-
ration for tooth structure.

The results of many studies approved the necessity of close
attention to the adhesive system, dental substrate, resin

cement, and types of ceramic restorations, which can help in
saving tooth structure with high bonding strength, as shown
in Blatz et al. (Blatz et al., 2018) Moreover, developments in

adhesive dentistry have increased the spread of ceramic mate-
rials, from glass-based to polycrystalline to resin-matrix
ceramics.

The dental substrate is fundamental to bonding success
because bonding to dentin is more challenging than enamel,
as demonstrated in Henrique et al. (Susin et al. (2007)) Enamel

is a solid structure and contains less water, which leads to a
successful bonding for the CAD/CAM restorations (De
Munck et al., 2005a; Souza-Zaroni et al., 2007).

Immediate dentin sealing (IDS) is a procedure in which a

resin layer is applied immediately after tooth preparation to
enhance the bonding strength and decrease gap formations,
bacterial leakage, and sensitivity, as shown in shown in Magne

et al. (Magne, 2005).
Restorative dentistry has shifted from conservative to ultra-

conservative approach, which demands adhesive systems that

improve the adherence of the ceramic and resin materials to
the tooth structure, as shown in the paper by Monck et al.
(De Munck et al., 2005b).

Today, many companies still manufacture various systems

to simplify the clinical steps by achieving a high bonding
strength. However, choosing among them is still confusing
and requires a lot of experience.

Bonding CAD/CAM restorations to tooth structure require
a surface conditioner for intaglio by sandblaster or hydrofluo-
ric acid, followed by monobond salinization (Guimarães et al.,

2018). zirconia needs another treatment by applying the APC
technique (Blatz et al., 2016).

Many CAD/CAM blocks are available, and the intent of

finding them is to facilitate the construction of all types of
restorations (Lambert et al., 2017). However, none of these
materials are perfect for all cases, and their selection depends
on the strength, aesthetics, accuracy, and reliable bonding to

dental substrates.
Several in vitro studies revealed differences in the bonding
strength of restorative materials. Hence, the materials, adhe-
sion protocol, and adhesive system will lead to different

results. The reason is the complexity of the technique that
relies upon the experience and abilities of the operator.
5. Conclusion

Bonding to tooth structure relies on adhesive materials and
their reaction with the dental substrate. The adhesion to cera-

mic materials is promoted by creating a micro-retentive surface
using the sandblaster or HF etching, followed by a monobond
primer to enhance the chemical bonding. A three-step adhesive

system is the most effective way to lower the risk of hydrolytic
degradation at the interface. It is preferred for indirect restora-
tions and when the enamel is still present. The self-etched

adhesive systems become simplified with minimal steps and
are recommended when most of the substrate is dentin. The
long-term clinical success of CAD/CAM materials is well pro-
ven; once the material is appropriately bonded, using ideal

adhesive and resin cement.
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