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ABSTRACT

Statement of the Problem: Resin bonding is essential for clinical longevity of indirect restorations. Especially in light of

the increasing popularity of computer-aided design/computer-aided manufacturing-fabricated indirect restorations, there

is a need to assess optimal bonding protocols for new ceramic/polymer materials and indirect composites.

Purpose of the Study: The aim of this article was to review and assess the current scientific evidence on the resin bond

to indirect composite and new ceramic/polymer materials.

Materials and Methods: An electronic PubMed database search was conducted from 1966 to September 2013 for in

vitro studies pertaining the resin bond to indirect composite and new ceramic/polymer materials.

Results: The search revealed 198 titles. Full-text screening was carried out for 43 studies, yielding 18 relevant articles

that complied with inclusion criteria. No relevant studies could be identified regarding new ceramic/polymer materials.

Most common surface treatments are aluminum-oxide air-abrasion, silane treatment, and hydrofluoric acid-etching for

indirect composite restoration. Self-adhesive cements achieve lower bond strengths in comparison with etch-and-rinse

systems.Thermocycling has a greater impact on bonding behavior than water storage.

Conclusions: Air-particle abrasion and additional silane treatment should be applied to enhance the resin bond to

laboratory-processed composites. However, there is an urgent need for in vitro studies that evaluate the bond strength

to new ceramic/polymer materials.

CLINICAL SIGNIFICANCE

This article reviews the available dental literature on resin bond of laboratory composites and gives scientifically based

guidance for their successful placement. Furthermore, this review demonstrated that future research for new

ceramic/polymer materials is required.

(J Esthet Restor Dent ••:••–••, 2014)

INTRODUCTION

Resin bonding is a crucial step1,2 in the process of

placing indirect restorations that rely on adhesion, such

as tooth-colored indirect inlays/onlays, and is

indispensable for their longevity. Characteristics of a

resilient and durable adhesive bond are prerequisites of

high retention,3 prevention of microleakage, and

enhancement of marginal adaptation.4 Furthermore,

successful adhesive bonding can increase fracture

resistance of the restored tooth and the indirect

restoration.2,5 It is still a challenge to bond indirect
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composite restorations to dental hard tissues, as

different interfaces—the one between dentin/enamel

and adhesive cement, and the interface between luting

agent and indirect restoration—have to be considered.6

The final bond strength is defined by the weakest link

in the chain. Therefore, the adhesive bond between the

different material interfaces has to be constantly

improved7 and adapted to the requirements of new

materials. Numerous studies have shown that surface

treatment prior to the cementation process via different

methods, such as air-particle abrasion systems,

hydrofluoric acid (HF) etching, and/or silanization can

enhance bond strengths of certain indirect

restorations.2,5,8,9 Adequate surface activation and

increasing roughness of indirect, polymerized

composite resins through various surface treatments

provide a better mechanical interlocking and a stronger

chemical bond to the cement.5

Modern adhesive cements can be classified in glass

ionomer cements (resin-modified glass ionomer

cement) and composite resin cements, which can be

further divided according to their chemical curing

reaction in light-activated, autopolymerizing, and

dual-activated5 materials. Another classification

distinguishes between adhesives, which require

enamel/dentin etching and application of a bonding

agent (total-etch systems) and self-adhesive materials,

which do not need any pretreatment steps. Each of

them provides different application benefits.

In general, indirect composites represent a good

alternative to ceramics as a material for indirect

restorations. They can be divided in computer-aided

design/computer-aided manufacturing (CAD/CAM)

fabricated and hand-made laboratory-processed

composite resins. Depending on the remaining tooth

structure, intraoral conditions, and costs, indirect

composite resins may10 provide increasing reliability

and durability, and are more favorable than their

porcelain counterparts while presenting good esthetic

results.11 Compared with direct composites,

laboratory-processed composites show reduced

deficiencies, increased degree of conversion, and negate

the negative effect of polymerization shrinkage in the

oral cavity,10,12 consequently improving mechanical and

physical properties. Further advantages are better

interproximal contacts, higher wear resistance, and

simplified creation of natural and anatomical shapes in

large defects.12 Clinical long-term studies of indirect

composite restorations show good clinical performance

in both posterior13–15 and anterior teeth.16

So-called “hybrid ceramics” have recently been

introduced to the market. The currently available

member of this new CAD/CAM material group is Vita

Enamic (VITA Zahnfabrik, Bad Säckingen, Germany).

The ceramic part consists of an aluminum

oxide-enriched, fine-structure feldspar matrix (86 wt%)

infused by a polymer material consisting of 14 wt%

urethane dimethacrylate and triethylene glycol

dimethacrylate.17 So far, hybrid ceramic materials in

dentistry are defined as: “a material consisting of a

ceramic substructure infiltrated with a composite

material.”18 Another innovative new CAD/CAM

material is Lava Ultimate (3M ESPE, Bad Seefeld,

Germany), a resin-based block nanocomposite.19 The

blocks consist of nanoceramic particles embedded in a

highly cured resin matrix.20 It is neither a composite

nor a ceramic but rather a mixture of both.21 The

manufacturer characterizes Lava Ultimate as a “Resin

Nano Ceramic” in their technical product profile.

Both materials can be taxonomically summarized as

“new ceramic/polymer materials,” which they are

referred to in the following.

The new ceramic/polymer materials supposedly

combine the positive aspects of both ceramics and

composites with beneficial properties for patients. It is

claimed that the dual network of a ceramic and

polymer material provides less brittleness, excellent

machinability, and edge stability.

Although resin-bonding protocols to silica-based1,5,22

and high-strength ceramics23–27 are well documented,

there are only few reviews reporting on the bond to

laboratory-fabricated composites.2,8 Scientific evidence

on bonding behavior and surface treatment of indirect

composite6,28 and new ceramic/polymer materials is

more difficult to find.
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Therefore, the main objective of this review was to

identify preferred bonding protocols and

surface-treatment procedures for indirect composites

and new ceramic/polymer materials by systematically

searching the literature for respective in vitro studies

and formulate clinical guidelines from the results, if

possible.

MATERIAL AND METHODS

Search Strategy and Study Selection

A PubMed search for articles published in dental

journals in English from 1966 to September 2013 was

conducted. The following search terms were used: resin

bond strength OR bond strength AND “indirect

composite”, surface treatment AND “indirect

composite”, resin bond strength OR bond strength

AND “new ceramic/polymer materials”, surface

treatment AND “new ceramic/polymer materials”, resin

bond strength OR bond strength AND “hybrid ceramic”

and surface treatment AND “hybrid ceramic”, resin

bond strength OR bond strength AND “resin nano

ceramic” and surface treatment AND “resin nano

ceramic”. Furthermore, the bibliographies and related

reviews of all chosen full-text articles were scanned for

additional publications on the topic.

Inclusion Criteria

The inclusion criteria for study selection were:

• Only in vitro studies were considered

• Publications in the dental literature with language

restriction to English

• Bonding of new ceramic/polymer materials or

indirect composites to either human teeth or

ceramic or composite

• Studies reporting on at least one common chemical

(silane, silica coating) or mechanical (grinding,

roughening with diamond burs, air-particle abrasion,

acid etching, laser) surface treatment on tested

specimens

• Studies describing at least one common method of

artificial aging (water storage, artificial saliva storage,

or thermocycling [TC])

• Studies applying a shear bond strength (SBS) test,

tensile bond strength (TBS) test, micro-TBS

(μTBS)/micro-SBS, or other bond strength test

Exclusion Criteria

• Studies about repair bond strength

• No detailed information on sample size

• Research question and purpose of the study focused

on parameters other than solely bond strength (e.g.

influence of specific parameters)

Selection of Studies

Figure 1 describes the process of identifying the selected

studies. From an initial 198 studies, 33 studies were

chosen for full-text analysis. After full-text analysis, 12

studies met the inclusion criteria. Moreover, a total of

10 studies were added through hand-search of the

bibliographies of the 12 studies. Following detailed

analysis, a final number of 18 studies were selected for

review.6,10–12,28–41

Excluded Studies

Out of the 43 full-text articles, 25 were excluded from

the final analysis.

Reason for exclusion:

• No surface treatment of indirect composite42–51

• No detailed information on number of specimens52

• Research question and purpose of the study focused

above on other parameters53–62 than bond strength

• Other bonding substrates than human teeth or

ceramic or composite63,64

• No or uncommon artificial aging method9,65

Data Extraction

Out of the 18 studies included, information on the

surface treatment, the cements, influence and method

of artificial aging, and the influence of the different

bond strength test used were evaluated.

Different mechanical and chemical surface treatment

methods were examined, for instance silane treatment,
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air-particle abrasion with different particle sizes, HF

etching with different concentrations and times,

silica-coating and their combinations.

Investigation of common autopolymerizing (chemically

activated), photo-activated or dual-activated resin

cements, and their respective bonding agents was

further performed. Moreover, water storage, artificial

saliva, and TC as artificial aging methods and their

effects on bonding behavior were tested.

RESULTS

Indirect Composites

A total of 18 studies6,10–12,28–41 were included in the

analysis of this review. The characteristics are shown in

Table 1.

The oldest study was published in 1991 and the median

year of publication was 2003. Eighteen different indirect

composite materials were tested with 12 various surface

treatment methods and 28 resin cements. Mostly

human third molars were used as a bonding substrate

for testing. The most common method for artificial

aging was water storage at 37°C for 24 hours before

testing. TC as an additional stress test was just used in

six studies. Seven of the studies used the SBS test, six

measured the μTBS, three the TBS, and two applied a

different bond strength test.33,39

Surface Treatment

Twelve studies reported on several surface treatments

of the prosthetic composites, and nearly all of

them10,28,33,36–40 found that air-abrasion with

aluminum-oxide (Al2O3) particles with a particle size of

50 μm was the most effective method to roughen the

FIGURE 1. Search strategy.
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TABLE 1. Study characteristics of the selected studies for indirect composite bonding

Study Year of
publication

Indirect
composite

Manufacturing procedure
surface treatment cement

No. of
specimens
per group

Bonding partner Artificial aging
method

Bond
strength
test

Fuentes et al.6 2013 Filtek Z250 Silane
Silane + bonding agent

RelyX Unicem
Maxem Elite
G-Cem
RelyX ARC

N ≥ 10 Human molars H2O at 37°C for
24 hours

μTBS

Vaz et al.29 2012 Symphony Air-particle abrasion + Silane RelyX Arc
C & B Cement
RelyX Unicem

N = 5 Human molars 100 % rel. humidity
at 37°C for 24
hours or 30 days

μTBS

Türkmen et al.12 2011 Estenia Air-particle abrasion Cement—It
RelyX Unicem
Maxcem
Embrace Wet Bond

N = 10 Human molars H2O at 37°C for
24 hours

TBS

Honda et al. 11 2008 Adoro
Artglass

Air-particle abrasion
Air-particle abrasion + Silane

Rely X ARC N = 30 Human molars Artificial saliva at
37°C for 6 days

μTBS

Hori et al.30 2008 Estenia Air-particle abrasion
HF etching
Silane
HF etching + Silane
Air-particle abrasion + Silane

Panavia F N = 7 Similar treated
indirect
composites
(different size)

H2O at 37°C for
24 hours + 0 TC
or 50,000 TC

SBS

D’ Arcangelo et al.28 2007 Enamel-Plus
HFO UD3

Air-particle abrasion
HF etching + Silane
Air-particle abrasion + Silane

EnamelPlus UD2 N = 22 Human molars Distilled H2O at
37° C for 24h +

5000 TC

TBS

De Menezes et al.31 2006 Clearfil APX Air-particle abrasion Rely X
Enforce
Panavia F

N = 24 Human molars H2O at 37°C
for 24 hours

μTBS

Soares et al.10 2004 Targis
Solidex
Filtek Z250

Air-particle abrasion
HF etching
Silane
HF + Silane
Air-particle abrasion + Silane

Rely X N = 12 Similarly treated
surfaces

100 % rel. humidity
at 37°C for 24
hours

μTBS

Burnett et al.32 2004 BelleGlass
Sculpture
Targis

Silane
HF etching
Er:YAG laser
Er :YAG laser + HF
Air-particle abrasion
Air-particle abrasion + HF

„Silane“ + Single Bond n = 10 Filtek Z250 Distilled H2O at
37°C for 24
hours

TBS

Ellakwa et al.33 2003 Belleglass HP Air-particle abrasion
Air-particle abrasion + Silane
Air-particle

abrasion + Silane + dry
storage

Air-particle
abrasion + Artglass liquid

Dual curing Luting
Cement (Kerr)

N = 5 Similar indirect
composites

H2O at 37°C for
24 hours

Other bond
strength
test

Mak et al. 34 2002 Light—activated
hybrid resin
composite
(Bisco, Inc)

Air-particle abrasion + Silane Choice
RelyX ARC
Super Bond C&B
Panavia F

N ≥ 22 Human molars Distilled H2O at
37°C for 24
hours

μTBS

Yoshida et al.35 2001 GN—I Silane Link Max
Vita Cerec Duo

Cement

N = 5 Similar indirect
composites
(different size)

Distilled H2O at
37°C for 24
hours + 0 TC or
50,000 TC

SBS

Nilsson et al.36 2000 Z—100
Targis
Artglass

Grinding
Air-particle abrasion
Air-particle abrasion + Silane

Scotchbond resin
cement

Variolink
2 bond 2

N = 10 Similar IC (?) 100 % rel. humidity
at 37°C for 24
hours

SBS

Bouschlicher et al.37 1999 Artglass
belleGlass HP
Concept
Targis

Air-particle abrasion
CoJet-Sand

Dual N = 10 Similar indirect
composites
(different size)

Double-deionized
H2O for 24
hours at 37°C +

300 TC

SBS
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surface independently of the indirect composite used.

According to Burnett and colleagues32 Er:YAG laser

abrasion can also be a favorable surface-conditioning

method instead of air-particle abrasion. Furthermore, a

study by Bouschlicher and coworkers37 revealed that

surface roughening with the silica coating Co-Jet

system (3M ESPE) resulted in same bond-strength data

as air-abrasion. The Rocatec System (3M ESPE) is the

laboratory version of CoJet and has shown to be

similarly effective.38 Silane treatment yielded in further

increased bond strength in most of the studies.10,33,36

Yoshida and coworkers35 even claimed that silane

coupling is the essential factor. In contrast, D’Arcangelo

and Vanini28 stated that silane did not have a significant

effect on resin bonds. Almost all of the studies agreed

that HF etching in different concentrations showed

lower bond strength data, except for the study by Hori

and colleagues,30 which resulted in highest bond

strength value, when 1% HF etching for 5 minutes was

applied.

Even combinations of HF etching and air-particle

abrasion,32,39,40 or silane treatment could not reach the

bond strength values achieved by air-particle abrasion

treatment. In general, increasing surface roughness

through mechanical surface treatment had a greater

impact on bond strength than chemical conditioning.

Resin Cements

Studies that compared different adhesive cements

demonstrated that the chosen cements had a significant

effect on bond strength and that there is no ideal

universal luting agent. De Menezes and colleagues31

pointed out that the type of bonding agent was

important. Bonding agents with multiple steps yielded

higher bond strength values than self-adhesive cements.

Türkmen and colleagues,12 and Vaz and colleagues29

confirmed this statement, as did Fuentes and

colleagues6 in 2013; total-etch bonding agents still

provided better values. In the same study, there were no

TABLE 1. Continued

Study Year of
publication

Indirect
composite

Manufacturing procedure
surface treatment cement

No. of
specimens
per group

Bonding partner Artificial aging
method

Bond
strength
test

Imamura et al. 38 1996 Concept
Herculite XRV

Air-particle abrasion
Air-particle abrasion + Special

Bond II
Air-particle

abrasion + Silane + All
Bond 2

Air-particle abrasion + HF
etch

Silane + Rocatec System

Dual Cement
Porcelite Dual Cure

Cement

N = 10 Similar indirect
composites

Distilled H2O at
23°C for 7 days
+ 1,000 TC

SBS

Shortall et al. 39 1996 Brilliant Dentin Water rinsing + Air drying
Air—particle abrasion
Air—particle

abrasion + fluoride gel

Duo Cure Cement
Porcelite Dual Cure

N = 10 Similar indirect
composites

Distilled H2O at
37°C for 24
hours

Other bond
strength
test

Herculite XRV Lab Air—particle abrasion + HF
Air—particle abrasion + Silane
Air—particle

abrasion + HF + Silane

Swift et al.40 1992 Herculite XRV HF etching
Air-particle abrasion
Air-particle abrasion + HF

Porcelite Dual Cure N = 20 Human molars Half: distilled H2O
RT for 7 days

Half: distilled H2O
RT for 7 days +

500 TC

SBS

Air-particle abrasion
Air-particle abrasion + Silane
Air-particle abrasion + HF

N = 10 Distilled H2O for
48 hours + 500
TC

Tam et al.41 1991 Isosit—N HF etching
Air-particle abrasion (different

particle sizes)
HF etching + Silane
Special Bond

Heliolink
G-Cera
Prisma PVC
Durafil
Porcelite
Chameleon

N ≥ 8 Ceramic blocks
(Vita)

Distilled H2O at
37°C for 24
hours

SBS

μTBS = microtensile bond strength; HF = hydrofluoric acid; RT = room temperature; SBS = shear bond strength;TBS = tensile bond strength;

TC = thermocycling.
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significant differences in tested self-adhesive cements,

except for Maxcem Elite (Kerr, Orange, CA, USA),

which resulted in distinctly lower bond strengths.

TC as an additional artificial aging procedure seemed to

have a greater impact than only short-term water

storage.

New Ceramic/Polymer Materials

Despite this extensive literature search, no in vitro

studies referring to the resin bond to new

ceramic/polymer materials could be identified.

Likewise, there was no information found regarding

recommendations for surface treatment, resin cements,

or artificial aging methods.

DISCUSSION

This review examined the effect of different bonding

parameters, such as surface conditioning, resin cements,

and artificial aging on the resin-bond behavior of

indirect composites and new ceramic/polymer materials

based on the current dental literature.

The search period was defined from 1966 to September

2013 based on the reviews by Blatz and colleagues,5 and

Soares and colleagues.8 There were no studies that met

the inclusion criteria published before 1991.

Surface Treatment and Resin Cements

Pretreatment steps of indirect restorations and

supporting tooth structure plus luting with an adhesive

cement is defined as resin bonding.66 Therefore, the

focus of this review was based on the different

pretreatments steps and adhesive systems used in the

studies. Air-particle abrasion increases surface energy of

indirect restorations, such as high-strength

ceramics23,24,67 and indirect composites,10,28,39,40 thus

resulting in an increased surface roughness. Moreover,

these irregularities provide better mechanical

attachment of the luting agent to the finished

composite.10 Similarly, before silanization, the surface

has to be preconditioned for the resin matrix to being

partially destroyed and the filler particles being

exposed.38,40,41 This leads to better mechanical

interlocking between the restoration and the

substructure, which is a main reason for a durable

bonding.11 Silica-based ceramics also need adequate

surface activation for a durable long-term bond.5 Many

laboratory studies68–70 have investigated different

methods for surface pretreatment. In contrast with

high-strength ceramics, acid-etching with HF solutions

between 2.5% and 10% applied for 1 to 3 minutes plus

usage of a silane is reported as the best

surface-conditioning protocol.1,5,70 Hori and colleagues30

detected that after TC, 1% HF etching for 5 minutes is

also an adequate pretreatment method for prosthetic

composites. However, according to them, neither

etching time nor etchant concentration were

significantly relevant to bond strength.

Silane is a bifunctional molecule that bonds through

siloxane to the exposed fillers in the composite.10 It also

increases the bond strength33 by improving the

wettability of the treated surface. Soares and

colleagues,10 Ellakwa and colleagues,33 Nilsson and

colleagues,36 and Swift and colleagues40 reported on the

positive effects of chemical treatment with silane in

their studies, which is in conclusion with other

studies33,35 in the dental literature. Yoshida and

colleagues35 even preferred silane as a

surface-roughening method because air-particle

abrasion can induce material chipping and HF produces

weaker bond strengths and additionally needs to be

treated with special care and experience due to its toxic

properties. However, studies by Tam and colleagues,41

and Fuentes and colleagues6 found conflicting results as

they could not detect a significant increase in bond

strength when silane was applied. Etching with HF

resulted in dissolution of the embedded glass fillers in

the laboratory composites, leaving no retention for

silane molecules.10 The silane had therefore no impact

on bond strength.

Two other methods for pretreatment are the extraoral

Rocatec System (3M ESPE) and Co-Jet (3M ESPE) for

intraoral use. Both systems are mostly indicated to

repair defective indirect restorations and treat material

surfaces tribochemically through an air-particle
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abrasion step with silica-coated aluminum-oxide

particles, which provides a silica coat, and silane

coupling agent application.

In most of the included studies,6,10,11,29–31,34 dual-curing

resin cements were used. They have proven successful

throughout the last decades and are characterized by

good retention and esthetics.12 However, clinicians

prefer simplified applications, whereas composite resins

require skillful handling, especially when removing

excess cement, and are time-consuming.12

Self-adhesive cements were introduced to the dental

market within the last decade.71 Because of the fact that

application of luting cements is technically demanding

and technique-sensitive,71 self-adhesive cements

attempt to overcome these challenges without

pretreatment of the supporting tooth structure. They

combine ease of handling with good to dental hard

tissues.12 However, the few in vitro studies showed that

these new adhesives are still inferior to multistep

protocols that include total-etch and self-etch bonding

systems, when bonding to indirect composites.

Fuentes and colleagues6 found that choice of resin

cement seemed to have a greater impact than surface

treatment. They confirmed that total-etch bonding

systems provide higher bond strength values than

self-adhesive cements. The same findings were reported

by Viotti and colleagues72 in 2009, Türkmen and

colleagues,12 and Vaz and colleagues.29

Clinical long-term studies13–16 of indirect composite

inlays and veneers are in support as mostly dual-cure

composite-resin cements were used.

Table 2 summarizes the outcome of the included

studies and shows a bonding protocol recommendation

based on them.

Artificial Aging Methods

Indirect restorations are exposed to chemical, thermal,

and mechanical stresses in the oral cavity.5 Therefore, it

is important to mimic these circumstances in in vitro

studies with artificial aging methods to draw sound

conclusions with respect to durability and long-term

bonding behavior. The common artificial aging

treatment methods to stress adhesive surfaces5 were

considered to simulate oral conditions, such as

long-term water storage73 and TC. Equally artificial

saliva solutions can be used instead of water storage, as

shown by Kitasako and colleagues.74 No significant

difference could be detected.

Test Methods and Conditions

In the dental literature, bond strength tests can be

divided in mircotest and macrotest methods, depending

on the bonding area.75 Tensile, microtensile, and shear

test are the most common bond strength tests

described.5 The advantages and disadvantages of each

testing method are thoroughly discussed and described

in an article by Van Meerbeek and colleagues75 in 2010.

The SBS test is considered the easiest and fastest

method for reliable results. One of the advantages of

the microtensile test is that all specimens from one

tooth undergo the exact same sample preparation. It is,

however, more technique sensitive.

Because of the fact that all tests are being carried out

under different circumstances, comparisons between

studies and measured bond strength are difficult.76–78

Testing parameters like bonding area, etching time,

air-particle abrasion distance, time and pressure,

crosshead speed, and dwell time between different

TABLE 2. Recommended bonding protocol for indirect

composite

Indirect composite 1. Cleaning of the indirect

restoration

2. Surface treatment:Air-particle

abrasion with 50 μm aluminum

oxide

3. Application of a silane

Supporting tooth

structure:

Choosing of total-etch, self–etch, or

self-adhesive cementing system. Steps

according to manufacturer’s

recommendation.
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baths of TC differ in almost every study. To date, there

is no consensus about a standardized TC method. The

number of cycles varies from 100 up to 50,000, whereas

10,000 cycles is considered to simulate 1 year of clinical

performance.12

In Vitro Tests

Although randomized, controlled, clinical trials present

the highest level of evidence to identify the best dental

materials, they require a complex performance and are

usually associated with high costs.77 Laboratory tests, on

the other hand, provide information on bonding

behavior under controlled conditions.23,79 Variables can

be controlled, and individual parameters can be

evaluated separately. Furthermore, long-term bonding is

difficult to measure clinically because of the fact that

indirect restoration failure is often multicausal and

simple debonding a rare occurrence.

However, results from in vitro studies have to be

interpreted with care as they simulate clinical

conditions with great limitations66 and cannot imitate

the complexity of the oral cavity. Nevertheless,

laboratory tests under standardized testing conditions

provide crucial information before clinical use and/or

testing of new materials.77

New Ceramic/Polymer Materials

At the time of this review, no scientific evidence

pertaining to the proper bonding protocols for new

ceramic/polymer materials could be found in the

literature. It seems, however, that these materials

comprise a well-diverse material group. As per

manufacturers’ recommendation, hybrid ceramics (i.e.,

VITA Enamic) should be pretreated through HF

etching and silane coupling agent application.17 Resin

nanoceramics (i.e., Lava Ultimate21), however, should be

subject to air-particle abrasion and application of a

universal bonding agent. Independent studies that

investigate resin bond strength and preferred treatment

protocols for this new and increasingly popular material

group are needed.

CONCLUSIONS

Air-particle abrasion and additional silane treatment

should be applied to enhance the resin bond to

laboratory-processed composites. However, there is an

urgent need for in vitro studies that evaluate the bond

strength to new ceramic/polymer materials.

DISCLOSURE AND ACKNOWLEDGEMENTS

The authors do not have any financial interest in the

companies whose materials are included in this review.

REFERENCES

1. Vargas MA, Bergeron C, Diaz-Arnold A. Cementing

all-ceramic restorations: recommendations for success. J

Am Dent Assoc 2011;142(Suppl 2):20s–4s.

2. Kramer N, Lohbauer U, Frankenberger R. Adhesive luting

of indirect restorations. Am J Dent 2000;13:60d–76d.

3. el Mowafy O. The use of resin cements in restorative

dentistry to overcome retention problems. J Can Dent

Assoc 2001;67:97–102.

4. Sorensen JA, Kang SK, Avera SP. Porcelain-composite

interface microleakage with various porcelain surface

treatments. Dent Mater 1991;7:118–23.

5. Blatz MB, Sadan A, Kern M. Resin-ceramic bonding: a

review of the literature. J Prosthet Dent 2003;89:268–74.

6. Fuentes MV, Ceballos L, Gonzalez-Lopez S. Bond

strength of self-adhesive resin cements to different

treated indirect composites. Clin Oral Investig

2013;17:717–24.

7. Stewart GP, Jain P, Hodges J. Shear bond strength of resin

cements to both ceramic and dentin. J Prosthet Dent

2002;88:277–84.

8. Soares CJ, Soares PV, Pereira JC, Fonseca RB. Surface

treatment protocols in the cementation process of

ceramic and laboratory-processed composite restorations:

a literature review. J Esthet Restor Dent 2005;17:224–35.

9. Hummel SK, Marker V, Pace L, Goldfogle M. Surface

treatment of indirect resin composite surfaces before

cementation. J Prosthet Dent 1997;77:568–72.

10. Soares CJ, Giannini M, Oliveira MT, et al. Effect of

surface treatments of laboratory-fabricated composites on

the microtensile bond strength to a luting resin cement. J

Appl Oral Sci. 2004;12:45–50.

11. Honda MI, Florio FM, Basting RT. Effectiveness of

indirect composite resin silanization evaluated by

microtensile bond strength test. Am J Dent

2008;21:153–8.

RESIN BOND TO LABORATORY-PROCESSED COMPOSITES Spitznagel et al.

© 2014 Wiley Periodicals, Inc. DOI 10.1111/jerd.12100 Journal of Esthetic and Restorative Dentistry Vol •• • No •• • ••–•• • 2014 9



12. Turkmen C, Durkan M, Cimilli H, Oksuz M. Tensile

bond strength of indirect composites luted with three

new self-adhesive resin cements to dentin. J Appl Oral

Sci. 2011;19:363–9.

13. Thordrup M, Isidor F, Horsted-Bindslev P. A prospective

clinical study of indirect and direct composite and

ceramic inlays: ten-year results. Quintessence Int

2006;37:139–44.

14. Huth KC, Chen HY, Mehl A, et al. Clinical study of

indirect composite resin inlays in posterior stress-bearing

cavities placed by dental students: results after 4 years. J

Dent 2011;39:478–88.

15. Cetin AR, Unlu N, Cobanoglu N. A five-year clinical

evaluation of direct nanofilled and indirect composite

resin restorations in posterior teeth. Oper Dent

2013;38:E1–11.

16. Gresnigt MM, Kalk W, Ozcan M. Randomized clinical

trial of indirect resin composite and ceramic veneers:

up to 3-year follow-up. J Adhes Dent 2013;15:

181–90.

17. Bojemüller E, Coldea A. VITA ENAMIC

technical-scientific documentation. Bad Säckingen: VITA

Zahnfabrik,Germany; 2012.

18. Kurbad A, Kurbad S. A new, hybrid material for

minimally invasive restorations in clinical use. Int J

Comput Dent 2013;16:69–79.

19. Mörmann WH, Stawarczyk B, Ender A, et al. Wear

characteristics of current aesthetic dental restorative

CAD/CAM materials: two-body wear, gloss retention,

roughness and Martens hardness. J Mech Behav Biomed

Mater. 2013;20:113–25.

20. Koller M, Arnetzl GV, Holly L. Arnetzl G. Lava ultimate

resin nano ceramic for CAD/ CAM: customization case

study. Int J Comput Dent 2012;15:159–64.

21. 3M/ESPE. Lava ultimate CAD/CAM restorative technical

product profile. St.Paul (MN): 3M Espe Dental Products;

2011.

22. Blatz MB, Sadan A, Maltezos C, et al. In vitro durability

of the resin bond to feldspathic ceramics. Am J Dent

2004;17:169–72.

23. Blatz MB, Chiche G, Holst S, Sadan A. Influence of

surface treatment and simulated aging on bond strengths

of luting agents to zirconia. Quintessence Int

2007;38:745–53.

24. Blatz MB, Phark JH, Ozer F, et al. In vitro comparative

bond strength of contemporary self-adhesive resin

cements to zirconium oxide ceramic with and without

air-particle abrasion. Clin Oral Investig 2010;14:

187–92.

25. Wolfart M, Lehmann F, Wolfart S, Kern M. Durability of

the resin bond strength to zirconia ceramic after using

different surface conditioning methods. Dent Mater

2007;23:45–50.

26. Lüthy H, Loeffel O, Hammerle CH. Effect of

thermocycling on bond strength of luting cements to

zirconia ceramic. Dent Mater 2006;22:195–200.

27. Thompson JY, Stoner BR, Piascik JR, Smith R.

Adhesion/cementation to zirconia and other non-silicate

ceramics: where are we now? Dent Mater 2011;27:71–82.

28. D’Arcangelo C, Vanini L. Effect of three surface

treatments on the adhesive properties of indirect

composite restorations. J Adhes Dent 2007;9:319–26.

29. Vaz RR, Hipolito VD, D’Alpino PH, Goes MF. Bond

strength and interfacial micromorphology of

etch-and-rinse and self-adhesive resin cements to dentin.

J Prosthodont 2012;21:101–11.

30. Hori S, Minami H, Minesaki Y, et al. Effect of

hydrofluoric acid etching on shear bond strength of an

indirect resin composite to an adhesive cement. Dent

Mater J 2008;27:515–22.

31. de Menezes MJ, Arrais CA, Giannini M. Influence of

light-activated and auto- and dual-polymerizing adhesive

systems on bond strength of indirect composite resin to

dentin. J Prosthet Dent 2006;96:115–21.

32. Burnett LH Jr, Shinkai RS, Eduardo Cde P. Tensile bond

strength of a one-bottle adhesive system to indirect

composites treated with Er:YAG laser, air abrasion, or

fluoridric acid. Photomed Laser Surg 2004;22:351–6.

33. Ellakwa AE, Shortall AC, Burke FJ, Marquis PM. Effects

of grit blasting and silanization on bond strengths of a

resin luting cement to Belleglass HP indirect composite.

Am J Dent 2003;16:53–7.

34. Mak YF, Lai SC, Cheung GS, et al. Micro-tensile bond

testing of resin cements to dentin and an indirect resin

composite. Dent Mater 2002;18:609–21.

35. Yoshida K, Kamada K, Atsuta M. Effects of two silane

coupling agents, a bonding agent, and thermal cycling on

the bond strength of a CAD/CAM composite material

cemented with two resin luting agents. J Prosthet Dent

2001;85:184–9.

36. Nilsson E, Alaeddin S, Karlsson S, et al. Factors affecting

the shear bond strength of bonded composite inlays. Int J

Prosthodont 2000;13:52–8.

37. Bouschlicher MR, Cobb DS, Vargas MA. Effect of two

abrasive systems on resin bonding to

laboratory-processed indirect resin composite

restorations. J Esthet Dent 1999;11:185–96.

38. Imamura GM, Reinhardt JW, Boyer DB, Swift EJ Jr.

Enhancement of resin bonding to heat-cured composite

resin. Oper Dent 1996;21:249–56.

39. Shortall AC, Baylis RL, Wilson HJ. Composite inlay/luting

resin bond strength—surface treatment effects. J Dent

1996;24:129–35.

40. Swift EJ Jr, Brodeur C, Cvitko E, Pires JA. Treatment of

composite surfaces for indirect bonding. Dent Mater

1992;8:193–6.

RESIN BOND TO LABORATORY-PROCESSED COMPOSITES Spitznagel et al.

DOI 10.1111/jerd.12100 © 2014 Wiley Periodicals, Inc.Vol •• • No •• • ••–•• • 2014 Journal of Esthetic and Restorative Dentistry10



41. Tam LE, McComb D. Shear bond strengths of resin luting

cements to laboratory-made composite resin veneers. J

Prosthet Dent 1991;66:314–21.

42. Komine F, Kobayashi K, Saito A, et al. Shear bond

strength between an indirect composite veneering

material and zirconia ceramics after thermocycling. J Oral

Sci 2009;51:629–34.

43. Komine F, Fushiki R, Koizuka M, et al. Effect of surface

treatment on bond strength between an indirect

composite material and a zirconia framework. J Oral Sci

2012;54:39–46.

44. Fushiki R, Komine F, Blatz MB, et al. Shear bond strength

between an indirect composite layering material and

feldspathic porcelain-coated zirconia ceramics. Clin Oral

Investig 2012;16:1401–11.

45. Komine F, Kobayashi K, Blatz MB, et al. Durability of

bond between an indirect composite veneering material

and zirconium dioxide ceramics. Acta Odontol Scand

2013;71:457–63.

46. Kobayashi K, Komine F, Blatz MB, et al. Influence

of priming agents on the short-term bond strength

of an indirect composite veneering material to

zirconium dioxide ceramic. Quintessence Int

2009;40:545–51.

47. Ikeda M, Nikaido T, Foxton RM, Tagami J. Shear bond

strengths of indirect resin composites to hybrid ceramic.

Dent Mater J 2005;24:238–43.

48. Jayasooriya PR, Pereira PN, Nikaido T, Tagami J. Efficacy

of a resin coating on bond strengths of resin cement to

dentin. J Esthet Restor Dent 2003;15:105–13, discussion

13.

49. Lacy AM, LaLuz J, Watanabe LG, Dellinges M. Effect of

porcelain surface treatment on the bond to composite. J

Prosthet Dent 1988;60:288–91.

50. Koizuka M, Komine F, Blatz MB, et al. The effect of

different surface treatments on the bond strength of a

gingiva-colored indirect composite veneering material to

three implant framework materials. Clin Oral Implants

Res 2013;24:977–84.

51. Silva PC, Goncalves M, Nascimento TN, Centola AL.

Effect of air abrasion on tensile bond strength of a

single-bottle adhesive/indirect composite system to

enamel. Braz Dent J 2007;18:45–8.

52. Yoshida K, Greener EH, Lautenschlager EP. Shear bond

strengths of two luting cements to laboratory-cured

prosthetic resin composite. Am J Dent 1993;6:13–6.

53. Okuda M, Nikaido T, Maruoka R, et al. Microtensile

bond strengths to cavity floor dentin in indirect

composite restorations using resin coating. J Esthet

Restor Dent 2007;19:38–46, discussion 7–8.

54. Lee JI, Park SH. The effect of three variables on shear

bond strength when luting a resin inlay to dentin. Oper

Dent 2009;34:288–92.

55. Antonopoulou A, Papadopoulos T, Hatzikyriakos A. In

vitro evaluation of shear bond strength and mode of

failure of the interface between an indirect composite

bonded to fiber-reinforced composite substructures. J

Prosthodont 2012;21:451–9.

56. Broyles AC, Pavan S, Bedran-Russo AK. Effect of dentin

surface modification on the microtensile bond strength of

self-adhesive resin cements. J Prosthodont 2013;22:59–62.

57. Shafiei F, Memarpour M. Effect of chlorhexidine

application on long-term shear bond strength of resin

cements to dentin. J Prosthodont Res. 2010;54:153–8.

58. Gresnigt M, Ozcan M, Muis M, Kalk W. Bonding of glass

ceramic and indirect composite to non-aged and aged

resin composite. J Adhes Dent 2012;14:59–68.

59. Arrais CA, Miyake K, Rueggeberg FA, et al.

Micromorphology of resin/dentin interfaces using 4th

and 5th generation dual-curing adhesive/cement systems:

a confocal laser scanning microscope analysis. J Adhes

Dent 2009;11:15–26.

60. Arrais CA, Giannini M, Rueggeberg FA, Pashley DH.

Effect of curing mode on microtensile bond strength to

dentin of two dual-cured adhesive systems in

combination with resin luting cements for indirect

restorations. Oper Dent 2007;32:37–44.

61. Aguiar TR, Di Francescantonio M, Ambrosano GM,

Giannini M. Effect of curing mode on bond strength of

self-adhesive resin luting cements to dentin. J Biomed

Mater Res B Appl Biomater 2010;93:122–7.

62. Inukai T, Abe T, Ito Y, et al. Adhesion of indirect MOD

resin composite inlays luted with self-adhesive and

self-etching resin cements. Oper Dent 2012;37:474–84.

63. Latta MA, Barkmeier WW. Bond strength of a resin

cement to a cured composite inlay material. J Prosthet

Dent 1994;72:189–93.

64. Stokes AN, Tay WM, Pereira BP. Shear bond of resin

cement to post-cured hybrid composites. Dent Mater

1993;9:370–4.

65. Aggarwal V, Logani A, Jain V, Shah N. Effect of cyclic

loading on marginal adaptation and bond strength in

direct versus indirect class II MO composite restorations.

Oper Dent 2008;33:587–92.

66. Blatz MB, Oppes S, Chiche G, et al. Influence of

cementation technique on fracture strength and leakage

of alumina all-ceramic crowns after cyclic loading.

Quintessence Int 2008;39:23–32.

67. Kern M, Barloi A, Yang B. Surface conditioning

influences zirconia ceramic bonding. J Dent Res

2009;88:817–22.

68. Kato H, Matsumura H, Atsuta M. Effect of etching and

sandblasting on bond strength to sintered porcelain of

unfilled resin. J Oral Rehabil 2000;27:103–10.

69. Borges GA, Sophr AM, de Goes MF, et al. Effect of

etching and airborne particle abrasion on the

RESIN BOND TO LABORATORY-PROCESSED COMPOSITES Spitznagel et al.

© 2014 Wiley Periodicals, Inc. DOI 10.1111/jerd.12100 Journal of Esthetic and Restorative Dentistry Vol •• • No •• • ••–•• • 2014 11



microstructure of different dental ceramics. J Prosthet

Dent 2003;89:479–88.

70. Chen JH, Matsumura H, Atsuta M. Effect of different

etching periods on the bond strength of a composite resin

to a machinable porcelain. J Dent 1998;26:53–8.

71. Ferracane JL, Stansbury JW, Burke FJ. Self-adhesive resin

cements—chemistry, properties and clinical

considerations. J Oral Rehabil 2011;38:295–314.

72. Viotti RG, Kasaz A, Pena CE, et al. Microtensile bond

strength of new self-adhesive luting agents and

conventional multistep systems. J Prosthet Dent

2009;102:306–12.

73. Berry T, Barghi N, Chung K. Effect of water storage on

the silanization in porcelain repair strength. J Oral

Rehabil 1999;26:459–63.

74. Kitasako Y, Burrow MF, Nikaido T, Tagami J. The

influence of storage solution on dentin bond durability of

resin cement. Dent Mater 2000;16:1–6.

75. Van Meerbeek B, Peumans M, Poitevin A, et al.

Relationship between bond-strength tests and clinical

outcomes. Dent Mater 2010;26:e100–21.

76. Della Bona A, van Noort R. Shear versus tensile bond

strength of resin composite bonded to ceramic. J Dent

Res 1995;74:1591–6.

77. Oilo G. Bond strength testing—what does it mean? Int

Dent J 1993;43:492–8.

78. Braga RR, Meira JB, Boaro LC, Xavier TA. Adhesion to

tooth structure: a critical review of “macro” test methods.

Dent Mater 2010;26:e38–49.

79. Salz U, Bock T. Testing adhesion of direct restoratives to

dental hard tissue—a review. J Adhes Dent

2010;12:343–71.

Reprint requests: Sebastian D. Horvath, DMD, Dr. Horvath — Praxis für

Zahnheilkunde, Bahnhofsstrasse 24, Jestetten79798, Germany;Tel.:

+49-7745-7211; Fax: +49-7745-97916; email:

sebastian.horvath@drhorvath.de; http://www.drhorvath.de

RESIN BOND TO LABORATORY-PROCESSED COMPOSITES Spitznagel et al.

DOI 10.1111/jerd.12100 © 2014 Wiley Periodicals, Inc.Vol •• • No •• • ••–•• • 2014 Journal of Esthetic and Restorative Dentistry12

mailto:sebastian.horvath@drhorvath.de
http://www.drhorvath.de

