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Abstract The purpose of this review was to analyze the existing literature on surface conditioning

of the veneering surface of substructure restorative materials in dental laboratories. New technolo-

gies are constantly improving the treatment options for fabricating dental restorations, and new

materials and adhesion procedures are being offered to clinicians and dental technologists. To

establish a reliable adhesion between the veneer and substructure in the dental laboratory, various

surface treatment procedures and adhesion promoters are employed. The composition of a material

influences the adhesion approach selected, and implementing a reliable adhesion strategy is critical

for the predictability of veneered indirect dental restorations. However, surface treatment of a wide

range of available material options can be challenging. Therefore, understanding various adhesion

processes for different restorative materials may assist dental technologists in selecting the best and

appropriate surface conditioning protocol for each dental restorative material category.
� 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

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

Optimal tooth preparation and prosthesis design, proper mate-
rials, reliable adhesion, physiologically acceptable soft tissue

treatment, acceptable occlusion, and clear communication
between the patient, dentist, and dental technologists are
essential for the long-term success of dental restorations

(Tipton, 2001). Adhesion techniques are well practiced in den-
tistry at different levels, from dealing with adhesive materials
on natural teeth in clinics to creating a bond between different

materials to fabricate indirect restorations in dental laborato-
ries. Enamel and dentin etching with phosphoric acid, initially
introduced by Buonocore in the 1950 s, is one of the most
important innovations that has revolutionized adhesive den-

tistry (Buonocore, 1955).
Most cases in clinics are related to bonding direct restora-

tive materials to enamel or dentin, with the latter being the pre-

ferred choice owing to better adhesion (Sofan et al., 2017).
However, adhesion concepts in dental laboratories vary signif-
icantly from those in the clinical environment. This is mainly

due to the different chemical structures of biomaterials pro-
cessed in dental laboratories, which necessitate different sur-
face treatments (Terry and Blatz, 2011). Furthermore,

different restorative dental materials with different composi-
tions are continuously being introduced by several manufac-
turers. Therefore, understanding the available adhesion
concepts for different materials in dental laboratories and

employing a suitable adhesion technique are vital for the suc-
cess of dental restorations. The most common surface treat-
ments reported in the literature are grit blasting,

pyrochemical silica coating, tribochemical silica coating, and
chemical treatments using acids and bases (Matinlinna et al.,
2018; Saade et al., 2019). Most studies on adhesion concepts

in the literature have focused on clinical situations, and infor-
mation regarding the same in dental laboratories is scarce.

The purpose of this review was to analyze the existing liter-
ature on the surface conditioning of veneering surfaces of indi-

rect restorative materials in dental laboratories, which could
benefit dental technologists in selecting the best and appropri-
ate surface conditioning protocol for each dental restorative

material category.
All original peer-reviewed in-vitro studies, laboratory tech-

niques and scientific reports related to adhesion process in den-

tal laboratory and published in English were searched using
ISI Web of Science, MEDLINE-PubMed, Google Scholar
and Scopus electronic databases. The last search was per-
formed on June 30, 2022 without any restriction on the publi-

cation date.

2. Basic terminologies (Noort, 2013)

Adhesion: The force that binds two dissimilar materials
together when brought into close contact.

Cohesion: The attraction between similar atoms or mole-

cules within a substance.
Adhesive: The substance that binds the two materials.
Adherend (substrate): The surfaces of the materials.
Interface: The location at which the substrate meets the

adhesive is crucially important for the success or failure of
an adhesive bond.

3. Adhesion principles

To better understand the adhesion mechanism, some surface
state principles need to be redefined to encompass all the inter-

actions that aid in uniting two main bodies. The surface state
incorporates all the chemical, structural, and topographic fea-
tures of the material. In practice, the surface is always filled

with flaws and variations (Zhao et al., 2021). Wettability is
the first and most appropriate timeframe for any adhesion
mechanism to succeed. An adhesive cannot establish microme-
chanical interlocks, chemical bonds, or interpenetrating net-

works with a surface unless it can make intimate contact,
spread over it, and infiltrate the micro- and sub-microscopic
imperfections by capillary attraction. These conditions are sat-

isfied if the adhesive wets the surface (Noort 2013; Shen et al.,
2022). In general, increasing the surface energy of substrates
improves their wettability (e.g., synthetic materials in dental

laboratories) (Noort, 2013).
The wettability of an adhesive can be described by the con-

tact angle formed on the solid bonding surface. A 0 �contact
angle implies full wetting, < 90 �implies mostly wetting,
and > 90 �and 180 �imply mostly less wetting and no wetting
at all, respectively. In general, a high contact angle implies a
hydrophobic or low-wettability solid surface, whereas a low

contact angle indicates a hydrophilic or high-wettability solid
surface (Menzies and Jones, 2010).
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4. Mechanism of adhesion

There is no single hypothesis that can explain adhesion; how-
ever, it is typically classified as mechanical, physical, or chem-

ical, and more frequently, as a combination of all of these
(Noort 2013; Zhao et al., 2021).

4.1. Mechanical adhesion

Mechanical adhesion occurs when two distinct phases are
attached to one another solely by mechanical force. This form

requires the presence of surface imperfections, which provide
microscopic undercuts through which the adhesive can pene-
trate before setting, resulting in the mechanical interlocking
of components (Noort 2013; Zhao et al., 2021). Although

mechanical adhesion is the foundation of most current adhe-
sive dentistry, the achievement of good adhesion between
smooth surfaces demonstrates that mechanical interlocking

theory is not widely applicable (Kinloch, 1987).

4.2. Physical adhesion

Physical adhesion implies short interaction distances. This
adhesion aspect is related to the micro- or macro-bonds of
the mechanical anchors via low link (hydrophilic or hydropho-
bic) physical adsorption. As the molecules remain chemically

intact on the surface, this type of bonding is quick and rever-
sible. However, the adhesion is weak and inappropriate when a
permanent bond is vital (Noort 2013; Zhao et al., 2021).

4.3. Chemical adhesion

Chemical adhesion occurs when the surface atoms of an adhe-

sive and substrate create ionic, covalent, or hydrogen bonds.
The ionic or covalent bonds formed between the adhesive
and substrate result in strong binding of the two materials if

they can form a compound at their interface or union. When
hydrogen bonding occurs, a hydrogen atom in one molecule
is attracted to an electron-donor atom, such as nitrogen or
oxygen in another molecule, creating a weaker bond (von

Fraunhofer, 2012). Cohesive forces within the material are
caused by chemical bonding (Noort 2013; Zhao et al., 2021).

4.4. Diffusive adhesion

Diffusive bonding occurs when atoms from one surface pene-
trate another while remaining attached to the original surface.

This adhesion mechanism is involved in the fabrication of a
PFM crown, where porcelain is fused to the metal. As diffusive
adhesion necessitates atomic species interaction between two

surfaces, the longer the two surfaces may interact, the more
diffusion occurs, and as a result, the stronger the adhesion
between them (von Fraunhofer, 2012).

4.5. Dispersive adhesion

The surfaces of the two materials are maintained together by
van der Waals forces in dispersive adhesion or physisorption.

The latter are the attractive forces between two molecules, each
of which has a small positive and negative charge region, caus-
ing the molecules to be polar in relation to the average charge
density of the molecule. It should be noted that larger and/or
more complex molecules may have multiple poles (regions of

greater positive or negative charge) (von Fraunhofer, 2012).

5. Surface conditioning in dental laboratory

The bond between the underlying substructure and outer
veneer must be strong and durable for a successful bilayered
restoration (Jongsma et al., 2012). Variations in the properties

between the two layers and the surface treatment in mechani-
cal bonding, as well as the materials utilized in chemical bond-
ing, are factors that could affect this bond (Goldstein 1989;

Dudea et al., 2014).
Surface conditioning of indirect restorative materials, such

as metals, metal alloys, ceramics, resin-matrix ceramics, and

polymers, is a vital step in activating the substrate surface
for long-term adherence with veneering materials. In dental
laboratories, several surface treatments have been applied
(Matinlinna et al., 2018). The most common are airborne-

particle abrasion (Lung, 2014), pyrochemical silica coating
(Janda et al., 2003, Matinlinna and Vallittu, 2007), tribochem-
ical silica coating (Ho et al., 2015; Khan et al., 2016), and

chemical treatments using acids and bases (Ban et al., 2006;
Lung et al., 2010). The less common are selective infiltration
etching (Aboushelib et al., 2010, Aboushelib and Matinlinna

2011), nano-structured alumina coatings (Jevnikar et al.,
2010), chemical vapor deposition (Piascik et al., 2009), laser
treatment (Akyıl et al., 2010), the internal coating method
(Kitayama et al., 2010), sol–gel coating (Lung et al., 2013),

plasma fluorination (Piascik et al., 2011), nano-silica coating
(Lung et al., 2015), and silicone-based coating (Lung et al.,
2015).

Composite resins and porcelain are used as veneering mate-
rials in the laboratory to mask the substructure restorative
materials (Goldstein, 1989). Porcelain offers outstanding aes-

thetic, strength, and wear resistance, as well as the ability to
hold a limited quantity of bacterial plaques. However, this
method has several significant drawbacks. Opposing natural

teeth are frequently worn down by porcelain, which is more
brittle and tougher than natural enamel. Furthermore, porce-
lain manipulation is time consuming and requires dexterity
(Lee et al., 2009). The advantages of composite resin as a

veneering material for substructures include ease of handling
and repair both in the laboratory and chairside in clinics, wear
similar to that of natural teeth, color stability and aesthetics,

and biocompatibility with surrounding tissues (Dudea et al.,
2014). Clinicians have also reported numerous issues with
composite resins, including discoloration, micro leakage, and

low bond strength to metal surfaces. However, resin-
veneered crowns, such as those used in telescope crowns, fixed
prostheses, and implant prostheses, are still in demand (Choo
et al., 2015).

5.1. Metal and metal alloys

Noble alloys, which are made up of precious metals such as

gold and silver, and non-noble alloys, which are made up of
non-precious metals such as nickel, cobalt, chromium, and
titanium, are two types of alloys used in dentistry. Although

previous studies have demonstrated effective and durable
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adhesion of non-noble alloys, no superficial conditioning strat-
egy capable of promoting effective and stable adhesion has
been verified for noble alloys (Andreatta-Filho et al., 2015).

Macromechanical retentions, such as undercuts, beads,
loops, wires, posts, and meshes, are commonly used to bond
metallic substructures to composite resins. However, this

method produces a larger framework and creates a 20 mm
gap at the resin-metal interface, resulting in resin discoloration
and separation. Sandblasting, electrolytic etching, and chemi-

cal etching techniques have been utilized to generate micro-
roughness on metals to overcome these imperfections. How-
ever, as all these approaches rely on mechanical bonding,
microleakage cannot be completely eliminated. As a result,

the chemical bonding procedures using a metal primer, sili-
coating, heat treatment, and tin plating have been employed
(Lee et al., 2009).

Metal substructures in fixed dental prostheses (FDP) are
often fabricated with Co-Cr alloys with excellent clinical suc-
cess. In recent years, titanium (Ti) has been used as a prosthe-

sis material because of the development of casting and surface
treatment techniques, and advantages such as adequate corro-
sion resistance, excellent biocompatibility, low density and its

suitability for use in patients allergic to nickel, cobalt or chro-
mium. However, low bond strengths between Ti and compos-
ite veneering systems have been reported. To overcome this
limitation, several surface conditioning methods based on

macro- and micromechanical retention, chemical bonding, or
a combination of both have been proposed (Almilhatti et al.,
2013). Specifically, silicoating, metal conditioners, sandblast-

ing, and titanium nitride (TiN) coatings have been applied
(Lee et al., 2009).

The success and durability of porcelain-fused-to-metal

prostheses depend on the bonding between the porcelain and
metal. The metal-ceramic bonding appears to result from
chemical bonding, mechanical interlocking, van der Waals

forces, and compressive bonding, although chemical bonding
dominates (Bagby et al., 1990). Chemical bonding with metals
can change when an oxide layer forms on the surface (Li et al.,
2017). Porcelain chipping or fracture is a serious problem that

causes both functional and aesthetic issues. Increasing the wet-
tability of the metal by porcelain and regulating the thickness
of the oxide layer are the two crucial parameters that have

been proposed to improve the bonding between the base metal
alloys and porcelain. Sandblasting, oxidation heat treatment,
laser etching, acid etching, bonding agent application, mechan-

ical roughness with carbide burs or diamond tips, and a com-
bination of surface treatments are among the surface
treatments recommended for porcelain-fused-to-metal pros-
theses (Hamza et al., 2019).

Airborne-particle abrasion of bonding surfaces increases
the surface energy by improving the wettability of the material
and, consequently, the adhesion strength through microme-

chanical bonding. The most commonly used particles for air-
abrasion are aluminum oxide (Al2O3) with various grit sizes.
This process is affected by the particle size of Al2O3, applica-

tion time, air pressure value of the abrasion device, and dis-
tance of the abrasion device from the material surface
(Coskun et al., 2018). There is no exact protocol for the use

of airborne-particle abrasion, although a recent study has rec-
ommended that 75 psi for 30 s with a particle size of 110 lm
from a distance of 20 mm be applied for the surface roughen-
ing of Ni-Cr alloys (Coskun et al., 2018; AlMutairi et al., 2021;
AlMutairi et al., 2021).

It has been reported that using silane coupling agents after

air-particle abrasion improves the bond strength. Following
the application of a silane coupling agent to the substructure
surface, siloxane-to-metal linkage is produced; however, the

formation is highly dependent on the metal characteristics
and surface chemistry (Yanagida et al., 2009; Jin et al.,
2015). In contrast, metal and alloy primers have been recently

utilized to bond resin composites to metal alloys, and have
demonstrated similar or better adhesion strengths than silane
coupling agents. Phosphate esters, carboxylic acids, or acid
anhydrides for base metal alloys, and thione or thiol for noble

metal alloys are common reactive primer components present
in metal or alloy primers (Di Francescantonio et al., 2010;
Nima et al., 2017).

5.2. Ceramics

Ceramic is increasingly being used as a restorative material in

place of composite resins and metal-ceramic restorations. The
development of new ceramic technologies and a strong and
durable adhesion can be credited to this trend. Composite

resins can be bonded to ceramic substructures, such as zirco-
nia, which are regarded as unetchable with hydrofluoric acid
because of their glass-free characteristics. This can be accom-
plished by utilizing primers that contain adhesive phosphate

monomers, which can chemically bond to metal-oxide-
containing ceramics while also improving their surface wetta-
bility, thereby improving the adhesion (Blatz et al., 2003;

Meyer-Filho et al., 2004; Kern, 2009; Kern, 2015, Blatz
et al., 2016; Polat et al., 2021).

Airborne-particle abrasion with silica-coated alumina parti-

cles to create a silica layer before using silane coupling agents
for bonding has been attempted to change the zirconia surface
properties (Matinlinna and Vallittu, 2007). This change in the

zirconia surface can enhance the bonding surface area and
improve the mechanical bonding with other materials
(Guazzato et al., 2005; Özcan and Volpato, 2015). However,
airborne abrasion is thought to induce microcrack propaga-

tion in zirconia, resulting in weakening of the core material
(Ural et al., 2011; Özcan and Volpato, 2015; AlMutairi
et al., 2021). A few studies have concluded that the use of

airborne-particle abrasion with alumina particles followed by
universal primer application is the best method for bonding
composite resin to zirconia (Kern, 2009; Yun et al., 2010;

Attia and Kern, 2011; AlMutairi et al., 2021).
With the introduction of the zirconia framework, all-

ceramic crowns and fixed partial dentures in the molar area
have become conceivable, as zirconia, particularly tetragonal

zirconia polycrystal (TZP), has high fracture strength and
toughness (Lüthy et al., 2005). All-ceramic restorations utiliz-
ing veneering ceramics bonded to a TZP framework, and on

the other hand, chipped at a rate of 13 % and 15.2 % after
3 and 5 years, respectively (Sailer et al., 2006; Sailer et al.,
2007). Metal ceramics, on the other hand, are said to have a

fracture rate of only 8 %–10 % after ten years (Scurria
et al., 1998). The presence of a monoclinic phase of zirconia
at the zirconia-veneering porcelain interface may result in the

formation of microspaces, which could lead to crack propaga-
tion and endanger adhesion strength (Aboushelib et al., 2006).
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Therefore, it was necessary to reinforce the adhesion surface to
achieve durable adhesion between the veneering ceramics and
TZP framework. The adhesion mechanisms between the

veneering ceramics and TZP framework include chemical
bonding, mechanical fitting, and shear stress, based on the dif-
ference in the thermal expansion coefficient between the

veneering ceramics and TZP (Tada et al., 2012). The adhesion
strength is influenced by many factors, such as surface rough-
ness, use of linear porcelain, and heat treatment of TZP (Tada

et al., 2012; Cevik et al., 2016).
According to Tada et al. (2012), the adhesion strength

between veneering ceramics and TZP can be improved by
increasing the strength of the veneering ceramics themselves,

resulting in less chipping. Additionally, the authors determined
that chipping may be reduced by creating a coping method for
veneering ceramics of uniform thickness, such as a metal cera-

mic crown, as well as by contouring the veneering ceramics to
avoid stress concentration. To improve adhesion strength and
prevent delamination of the veneering porcelain, Cevik et al.

(2016) recommended treating zirconia copings with airborne
particle abrasion, Nd:YAG laser, grinding, or the selective
infiltration approach for reliable bonding.

5.3. Polymers

High-performance polymer materials are at the forefront of
dental research with the goal of improving framework proper-

ties and potentially lowering the overall cost of prosthetic
tooth rehabilitation (Alexakou et al., 2019). Polyaryletherke-
tone (PAEK) family based polyetheretherketone (PEEK) and

polyetherketoneketone (PEKK) polymers have been intro-
duced as high-performance restorative materials in dentistry,
with both materials demonstrating high strength that exceed

the minimum standards for dental thermoplastic restorative
materials (Papathanasiou et al., 2020; Alqurashi et al., 2021;
Qin et al., 2021; Alsadon et al., 2022). PEEK was the first

PAEK-based material to be used in dentistry for the fabrica-
tion of dental implants, removable partial dentures and obtu-
rators, fixed partial dentures and crowns, and orthodontic
wires (Maekawa et al., 2015; Tada et al., 2017; Alsadon

et al., 2022). Owing to its preferred properties, PEEK has been
suggested and studied as a possible replacement for clinically
well-established titanium, zirconia, and acrylic restorative

materials (Schwitalla and Müller, 2013). However, clinical
studies to support the longevity of PEEK for fixed and remov-
able prosthesis restorations are scarce (Najeeb et al., 2016).

Despite their desirable mechanical properties and biocom-
patibility, the poor translucency and greyish color of PEEK
and PEKK preclude their use as monolithic dental restoration
materials. Therefore, to improve their appearance, these mate-

rials frequently require aesthetic veneer coverage
(Papathanasiou et al., 2020; Alsadon et al., 2022). However,
the adhesion to veneer materials may be hampered because

of their high resistance to etching chemicals and low surface
energy, (Najeeb et al., 2016; Papathanasiou et al., 2020;
Villefort et al., 2021; Alsadon et al., 2022).

The conventional and economical surface treatment for
thermoplastic materials is air-particle abrasion, which is com-
monly recommended by PEEK manufacturers (Villefort et al.,

2021). The manufacturer of Pekkton� ivory (Cendres + Mé
taux SA, Switzerland) recommends air-particle abrasion with
110 lm Al2O3 particle under 0.2 MPa pressure, followed by
the application of composite primers for the PEKK surface
to obtain durable adhesion with the composite resin. The par-

ticle abrasion followed the same procedure as that used for the
metal substructure. In a recent study by Gouveia et al. (2021),
it was concluded that the shear bond strength of composite

resin to PEEK and PEKK surfaces treated with 110 lm alu-
minum oxide airborne-particle abrasion was improved. The
authors further stated that the manufacturing process (milled

or heat-pressed) had no effect on the adhesion strength of
PEKK subjected to identical bonding techniques. In another
study by Alsadon et al. (2022), the adhesion strength values
of PEKK materials were much lower than those of PEEK

and significantly higher than those of conventional zirconia
and Ni-Cr alloy materials. The authors observed a significantly
positive association between surface roughness and adhesion

strength; however, they reported that the association could
be due to the material or roughness.

Another recommended surface treatment procedure is a tri-

bochemical silica coating (RocatecTM, 3 M ESPE, USA). Fur-
thermore, the surface modifications of PEEK using chemical
and physical agents such as 98 % sulfuric acid etching,

hydrofluoric acid etching, a mixture of sulfuric acid and hydro-
gen peroxide (piranha solution), and treatments with inert gas
plasma and argon plasma are also explored. These surface
treatment methods have demonstrated favorable adhesion per-

formance of PEEK to composite resin (Villefort et al., 2021).

5.4. Acrylic resins

The aesthetic considerations of poly-methyl-methacrylate
(PMMA) remain a concern despite improvements in its phys-
ical properties. The availability of PMMA shades limits teeth

with a color-contrast effect or exceptional translucency. By
layering a restorative resin composite over PMMA to improve
the aesthetic quality, a combination of PMMA and light-cured

resin composite has been proposed. Furthermore, composite
resin availability in different shades, better aesthetic outcomes,
easy handling, and good wear resistance make it a widely used
restorative material. Therefore, altering the PMMA restora-

tions with resin composites for aesthetic reasons is a viable
option. The thin layer of resin composite successfully adhered
to the PMMA would provide a satisfactory aesthetic outcome

as well as cost reduction compared to complete composite
resin restorations (Aksornmuang and Tiangtrong, 2021). It
has also been touted as a rapid, easy, and low-cost procedure

for creating composite occlusal surfaces on complete and par-
tial dentures (Vergani et al., 2000).

The surface preparation of acrylic resin is critical for ensur-
ing high durability and strong adhesion between the acrylic

resin and composite resin. Chloroform improves the quality
of adhesion areas during denture repair. The same is true
whether a composite resin or denture base resin is used for

bonding. However, because chloroform is a carcinogen, cau-
tion should be exercised when applying it to surfaces
(Vergani et al., 2000).

A previous study demonstrated that wetting of the acrylic
resin surface with methyl-methacrylate (MMA) monomer fol-
lowed by application of light-polymerized composite resin

results in a durable bond between the acrylic resin and com-
posite resin (Vergani et al., 2000). Another study reported dur-
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able adhesion using commercially available adhesive bonding
agents (HC primer, Scotchbond Universal, or Luxatemp glaze
and bond) after wetting the acrylic resin surface with MMA

(Aksornmuang and Tiangtrong, 2021).

6. Conclusion

Applying proper surface treatment is of paramount impor-
tance in enhancing the adhesion between the substructure
restorative material and the veneer. Dental technologists

should be aware of the advantages and disadvantages of differ-
ent surface treatment methods available for each restorative
material category. Furthermore, understanding the physical

characteristics of restorative materials will provide adequate
knowledge for the application of the most reliable adhesion
techniques in dental laboratories.
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Alqurashi, H., Khurshid, Z., Syed, A.U.Y., Rashid Habib, S., Rokaya,

D., Zafar, M.S., 2021. Polyetherketoneketone (PEKK): an emerg-

ing biomaterial for oral implants and dental prostheses. J. Adv.

Res. 28, 87–95.

Alsadon, O., Moorehead, R., Almansour, H., Bangalore, D., Alageel,

O., Wood, D., 2022. Surface Characteristics and Adhesion of

Veneering Composite Resin to PAEK-Based Substructure Restora-

tive Materials. In press, J. Prosthodont.

Andreatta-Filho, O., Rodrigues, V., Borges, A., Komori, P., Nishioka,

R., 2015. The effect of metal surface treatment on bond strength

interface between metal/cement. Braz. Dent. Sci. 18, 43.

Attia, A., Kern, M., 2011. Effect of cleaning methods after reduced-

pressure air abrasion on bonding to zirconia ceramic. J. Adhes.

Dent. 13, 561–567.

Bagby, M., Marshall, S., Marshall Jr, G., 1990. Metal ceramic

compatibility: a review of the literature. J. Prosthet. Dent. 63, 21–

25.

Ban, S., Iwaya, Y., Kono, H., Sato, H., 2006. Surface modification of

titanium by etching in concentrated sulfuric acid. Dent. Mater. 22,

1115–1120.

Blatz, M.B., Sadan, A., Kern, M., 2003. Resin-ceramic bonding: a

review of the literature. J. Prosthet. Dent. 89, 268–274.

Blatz, M.B., Alvarez, M., Sawyer, K., Brindis, M., 2016. How to bond

Zirconia: the APC concept. Compend. Contin. Educ. Dent. 37,

611–617. quiz 618.

Buonocore, M.G., 1955. A simple method of increasing the adhesion

of acrylic filling materials to enamel surfaces. J. Dent. Res. 34, 849–

853.

Cevik, P., Cengiz, D., Malkoc, M.A., 2016. Bond strength of veneering

porcelain to zirconia after different surface treatments. J. Adhes.

Sci. Technol. 30, 2466–2476.

Choo, S.S., Huh, Y.H., Cho, L.R., Park, C.J., 2015. Effect of metal

primers and tarnish treatment on bonding between dental alloys

and veneer resin. J. Adv. Prosthodont. 7, 392–399.

Coskun, M.E., Akar, T., Tugut, F., 2018. Airborne-particle abrasion;

searching the right parameter. J. Dent. Sci. 13, 293–300.

Di Francescantonio, M., de Oliveira, M.T., Garcia, R.N., Romanini,

J.C., da Silva, N.R., Giannini, M., 2010. Bond strength of resin

cements to Co-Cr and Ni-Cr metal alloys using adhesive primers. J.

Prosthodont. 19, 125–129.

Dudea, D., Alb, C., Culic, B., Alb, F., 2014. Performance of Dental

Composites in Restorative Dentistry. In: Antoniac, I.V. (Ed.),

Handbook of Bioceramics and Biocomposites. Publishing, Cham,

Springer International, pp. 1–40.

Goldstein, R.E., 1989. Finishing of composites and laminates. Dent.

Clin. N. Am. 33, 305–318.

Gouveia, D. d. N. M., Razzoog, M. E., Sierraalta, M., Alfaro, M. F.,

2021. Effect of surface treatment and manufacturing process on the

shear bond strength of veneering composite resin to polyetherke-

toneketone (PEKK) and polyetheretherketone (PEEK). J. Prosthet.

Dent.

Guazzato, M., Quach, L., Albakry, M., Swain, M.V., 2005. Influence

of surface and heat treatments on the flexural strength of Y-TZP

dental ceramic. J. Dent. 33, 9–18.

Hamza, G., Sallam, H., Eldwakhly, E., 2019. Effect of surface

treatment of milled cobalt–chromium alloy on shear bond strength

to porcelain. J. Arab Soc. Med. Res. 14, 113–123.

Ho, B.J., Tsoi, J.-K.-H., Liu, D., Lung, C.-Y.-K., Wong, H.-M.,

Matinlinna, J.P., 2015. Effects of sandblasting distance and angles

on resin cement bonding to zirconia and titanium. Int. J. Adhes.

Adhes. 62, 25–31.

Janda, R., Roulet, J.F., Wulf, M., Tiller, H.J., 2003. A new adhesive

technology for all-ceramics. Dent. Mater. 19, 567–573.

http://refhub.elsevier.com/S1013-9052(22)00120-1/h0005
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0005
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0005
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0005
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0010
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0010
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0010
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0015
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0015
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0015
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0020
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0020
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0020
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0025
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0025
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0025
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0025
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0025
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0025
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0030
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0030
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0030
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0030
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0030
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0035
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0035
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0035
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0035
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0035
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0040
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0040
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0040
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0040
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0045
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0045
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0045
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0045
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0050
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0050
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0050
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0050
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0055
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0055
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0055
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0055
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0060
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0060
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0060
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0065
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0065
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0065
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0070
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0070
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0070
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0075
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0075
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0075
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0080
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0080
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0085
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0085
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0085
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0090
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0090
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0090
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0095
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0095
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0095
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0100
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0100
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0100
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0105
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0105
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0110
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0110
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0110
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0110
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0115
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0115
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0115
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0115
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0120
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0120
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0130
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0130
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0130
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0135
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0135
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0135
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0140
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0140
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0140
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0140
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0145
http://refhub.elsevier.com/S1013-9052(22)00120-1/h0145


Adhesion concepts and techniques for laboratory 667
Jevnikar, P., Krnel, K., Kocjan, A., Funduk, N., Kosmac, T., 2010.

The effect of nano-structured alumina coating on resin-bond

strength to zirconia ceramics. Dent. Mater. 26, 688–696.

Jin, X.-Z., Tsoi, J.-K.-H., Matinlinna, J.P., 2015. A novel silane system

for amalgam repair with resin composite: an in vitro study. Silicon,

1–11.

Jongsma, L.A., Kleverlaan, C.J., Feilzer, A.J., 2012. Clinical success

and survival of indirect resin composite crowns: results of a 3-year

prospective study. Dent. Mater. 28, 952–960.

Kern, M., 2009. Resin bonding to oxide ceramics for dental restora-

tions. J. Adhes. Sci. Technol. 23, 1097–1111.

Kern, M., 2015. Bonding to oxide ceramics—laboratory testing versus

clinical outcome. Dent. Mater. 31, 8–14.

Khan, A.A., Al Kheraif, A.A., Alhijji, S.M., Matinlinna, J.P., 2016.

Effect of grit-blasting air pressure on adhesion strength of resin to

titanium. Int. J. Adhes. Adhes. 65, 41–46.

Kinloch, A.J., 1987. Mechanisms of adhesion. In: Kinloch, A.J. (Ed.),

Adhesion and Adhesives: Science and Technology. Dordrecht,

Springer, Netherlands, pp. 56–100.

Kitayama, S., Nikaido, T., Ikeda, M., Alireza, S., Miura, H., Tagami,

J., 2010. Internal coating of zirconia restoration with silica-based

ceramic improves bonding of resin cement to dental zirconia

ceramic. Biomed. Mater. Eng. 20, 77–87.

Lee, S.-Y., Vang, M.-S., Yang, H.-S., Park, S.-W., Park, H.-O., Lim,

H.-P., 2009. Shear bond strength of composite resin to titanium

according to various surface treatments. J. Adv. Prosthodont. 1,

68–74.

Li, J., Chen, C., Liao, J., Liu, L., Ye, X., Lin, S., Ye, J., 2017. Bond

strengths of porcelain to cobalt-chromium alloys made by casting,

milling, and selective laser melting. J. Prosthet. Dent. 118, 69–75.
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Lüthy, H., Filser, F., Loeffel, O., Schumacher, M., Gauckler, L.J.,

Hammerle, C.H., 2005. Strength and reliability of four-unit all-

ceramic posterior bridges. Dent. Mater. 21, 930–937.

Maekawa, M., Kanno, Z., Wada, T., Hongo, T., Doi, H., Hanawa, T.,

Ono, T., Uo, M., 2015. Mechanical properties of orthodontic wires

made of super engineering plastic. Dent. Mater. J. 34, 114–119.

Matinlinna, J.P., Vallittu, P.K., 2007. Bonding of resin composites to

etchable ceramic surfaces – an insight review of the chemical

aspects on surface conditioning. J. Oral. Rehab. 34, 622–630.

Matinlinna, J.P., Lung, C.Y.K., Tsoi, J.K.H., 2018. Silane adhesion

mechanism in dental applications and surface treatments: a review.

Den. Mater. 34, 13–28.

Menzies, K.L., Jones, L., 2010. The impact of contact angle on the

biocompatibility of biomaterials. Optom. Vis. Sci. 87, 387–399.

Meyer-Filho, A., Vieira, L., Araújo, E., Monteiro Junior, S., 2004.

Effect of different ceramic surface treatments on resin microtensile

bond strength. J. Prosthodont. 13, 28–35.
Najeeb, S., Zafar, M.S., Khurshid, Z., Siddiqui, F., 2016. Applications

of polyetheretherketone (PEEK) in oral implantology and

prosthodontics. J. Prosthodont. Res. 60, 12–19.

Nima, G., Ferreira, P.V.C., Paula, A.B., Consani, S., Giannini, M.,

2017. Effect of metal primers on bond strength of a composite resin

to Nickel-chrome metal alloy. Braz. Dent J. 28, 210–215.

Noort, R.V., 2013. Introduction to Dental Materials. Mosby/Elsevier,

USA.
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