
 

 

 University of Groningen

Clinical and laboratory evaluation of immediate dentin sealing
van den Breemer, Carline

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2018

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
van den Breemer, C. (2018). Clinical and laboratory evaluation of immediate dentin sealing. [Thesis fully
internal (DIV), University of Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/6da283de-40bc-4a56-8a69-57050ab8252b


Chapter 2
Cementation of glass-ceramic posterior 

restorations: a systematic review

This chapter is based on the following paper:
Van den Breemer CR, Gresnigt MM, Cune MS.

Cementation of glass-ceramic posterior restorations: a systematic review.
Biomed Res Int 2015:148954. 
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Abstract

Aim
The aim of this comprehensive review is to systematically organize the current knowledge regarding 
the cementation of glass-ceramic materials and restorations, with an additional focus on the benefits 
of Immediate Dentin Sealing (IDS).

Materials and methods
An extensive literature search concerning the cementation of single-unit glass-ceramic posterior 
restorations was conducted in the databases of MEDLINE (Pubmed), CENTRAL (Cochrane Central 
Register of Controlled Trials) and EMBASE. To be considered for inclusion, in vitro and in vivo studies 
should compare different cementation regimes involving a “glass-ceramic/cement/human tooth” 
complex.

Results
88 studies were included in total. The in vitro data were organized according to the following topics: 
(micro) shear and (micro) tensile bond strength, fracture strength and marginal gap and integrity. For in 
vivo studies survival and quality of survival were considered.

Conclusions
In vitro studies showed that adhesive systems (3-steps, etch-and-rinse) result in the best (micro) shear 
bond strength values compared to self-adhesive and self-etch systems when luting to human dentin. The 
highest fracture strength is obtained with adhesive cements in particular. No marked clinical preference 
for one specific procedure could be demonstrated on the basis of the reviewed literature. The possible 
merits of IDS are most convincingly illustrated by the favorable microtensile bond strengths. No clinical 
studies regarding IDS were found. 
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Introduction

Bonded glass-ceramic restorations have gained popularity, particularly after new materials, bonding 
systems, cements and cementation techniques became available in recent years. Nowadays different 
ceramics are introduced for the use of posterior restorations; being either an oxide-ceramic or 
a glass-ceramic. Glass-ceramics are of special interest in this review because their silica content 
and micromechanical interlocking structure allows adhesive cementation to enamel and dentin. 
Consequently, glass-ceramic restorations can withstand tensile forces without cement failure, even if 
the preparation of the tooth is non-retentive. Since the surface treatment of feldspathic porcelain in 
19831 became available, new materials have evolved into high strength and esthetic glass-ceramics 
such as lithium disilicate. This higher strength compared to earlier glass-ceramics are reached because 
of a different firing process.2 Contemporary glass-ceramic fixed dental crowns possess good optical and 
mechanical properties, thus mimicking natural teeth to a large extent.3-5 

To ensure proper attachment of an indirect restoration, basically two aspects have to be taken into 
consideration: conditioning of the ceramic material and conditioning of the tooth substrate followed by 
cementation. The most commonly used conditioning method for the glass-ceramic surface these days 
is application of hydrofluoric acid and silanization, as reviewed by Tian et al.6 Cements are considered 
necessary to obtain durable retention of the restoration and good marginal seal, as well as maintaining 
original color and marginal outline. The first dental luting agents were water based cements like zinc 
phosphate and glass ionomer cements. With the introduction of resin cements, properties like solubility 
and adhesion improved thereby, allowing a minimally invasive preparation design.7 Contemporary resin 
cements vary in properties like viscosity, whether or not they need light curing, and whether they are 
adhesive, self-etching or self-adhesive. However these cements require some kind of conditioning 
procedure of the tooth substrate and indirect restoration. 
 
In addition, sealing of dentin tubules with a filled adhesive resin directly after tooth preparation and 
prior to (digital or analogue) impression taking is presumed to result in improved bond strength, less 
gap formation, decreased bacterial leakage and reduced dentin sensitivity.8 This procedure may be 
highly clinically relevant and was first tested in vitro by Pashley et al.9 and described in 1996 as the dual 
application of dentin bonding agents.10  Later Magne et al. referred to it as ‘Immediate Dentin Sealing’ 
(IDS).8 
 
Compared to luting with water based cements, adhesive cementation is more difficult and 
time-consuming and moisture control is more important. A clinical study showed a tendency to higher 
fracture rates among posterior compared to anterior crowns, and indirect bonded restorations in 
molars revealed higher failure rates than premolar crowns.11 Hence cementation of glass-ceramics 
in the posterior region appears clinically the most challenging and thus is of clinical relevance for 
further investigation. There is little homogeneity between studies in terms of materials, test method 
and analysis. For in vitro studies four types of testing are predominantly applied; (micro)shear bond 



22 | Chapter 2

strength, (micro)tensile bond strength, fracture strength and marginal gap. The outcomes of these 
studies are of importance as this could predict the long term results of indirect restorations. 
 
A shear bond strength test evaluates the degree to which two attached specimen resist shear. A true 
shear test is difficult to perform because one of the specimen is always fixed to the test device. Instead, 
a microshear bond strength test is preferable, in which a cross-sectional area of 1mm2 is generally used 
for greater uniformity of stress distribution. This test results in more adhesive failures at the bonding 
interface instead of cohesive failures in the substrate, which is considered to be more realistic.6 
 
A tensile bond strength test is performed perpendicular to the bonded interface and is therefore 
generally adopted as the most valid bond strength test at this moment.12 However it is hard to control 
the alignment of specimen, and non-uniform stress distribution across the bonding surface occurs. 
With a microtensile test the small size of the specimen leads to a more favorable stress distribution and 
to bond failures that lie closer to their ultimate strengths.13 
 
Fracture loading, fracture resistance, load-to-failure, breaking strength and fracture strength are 
considered synonymous terms. They are used to indicate the stress at which a specimen fails by occlusal 
loading, and in the following, the term ‘fracture strength’ will be adopted. In general, restored teeth are 
progressively, occlusally loaded until fracture by means of a stainless steel ball. Fracture strength and 
fracture type are the most common outcome parameters. 
 
The marginal gap reflects the quality of marginal adaptation and is commonly studied by means of 
microleakage experiments (e.g. with dye penetration or silver staining and/or by scanning electron 
microscopy SEM), either with or without thermocycling and with or without loading in a chewing 
simulator. With conventional non-adhesive restorations the size of the marginal gap is considered of 
paramount importance for the (quality of) survival of the restoration and should be as small as possible. 
The size of the marginal gap may not be as critical when using materials that can be luted adhesively to 
the tooth substrate, such as glass-ceramics. 
 
There appears to be a plethora of materials, cements, bonding systems, and cementation techniques 
for luting glass-ceramics to posterior teeth. The aim of this systematic review is to focus on cements 
and organize the current knowledge and the manner in which cements are used for the cementation of 
glass-ceramic materials and restorations, with an additional focus on the benefits of IDS.
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Materials and methods 

Search Strategy
A comprehensive literature search was undertaken in the databases of MEDLINE (1950 – 1 January 
2015) (Pubmed), CENTRAL (1800 – 1 January 2015) (Cochrane Central Register of Controlled Trials) and 
EMBASE (1966 – 1 January 2015) by means of a combination of MeSH terms and text words. The English 
language restriction was applied and articles without an available abstract were not considered. The 
search strategy is outlined in Table 1.

Table 1. Search Strategy.

MEDLINE

((“Ceramics”[Mesh] OR ceramic*[tw]) AND (“Cementation”[Mesh] OR “Dental Cements”[Mesh] OR cementation*[tw] OR 

immediate dentin seal*[tw] OR luting[tw] OR lute[tw] OR dental adhesives[tw] OR resin coat*[tw]))  

NOT (veneer*[TI] OR posts*[TI] OR implant*[TI] OR zirconi*[TI] OR alumina[TI] OR “zirconium oxide”[Supplementary Concept]) 

NOT (“Case Reports”[Publication Type] OR “Review”[Publication type]) AND English[lang]

Run data search: January 1, 2015 (1868 results)

EMBASE

‘dental ceramics’/exp OR ceramic*:ab,ti AND (‘cementation’/exp OR ‘tooth cement’/exp OR cementation*:ab,ti OR ‘immediate 

dentin sealing’:ab,ti OR luting:ab,ti OR lute:ab,ti OR ‘dental adhesives’:ab,ti OR ‘resin coating’:ab,ti)  

NOT (veneer*:ti OR posts*:ti OR implant*:ti OR zirconi*:ti OR alumin*:ti) NOT (‘case report’/exp OR ‘review’/exp) AND[english]/lim 

Run data search: January 1, 2015 (806 results) 

COCHRANE Library (Trials) (search in ti,ab,kw)

ceramic* AND (cement* OR immediate dentin seal* OR luting OR lute OR dental adhesive* OR resin coat*) 

Run data search: January 1, 2015 (332 results)

Study Selection
Titles and abstracts of the identified publications were screened by one of the authors. Full-text 
documents were obtained for all articles meeting the inclusion criteria. Additional hand searching was 
performed by following up on the reference lists from included articles. Full text analysis to decide on 
inclusion/exclusion was subsequently performed by two reviewers  and Cohen’s Kappa was used as the 
measure of agreement. Disagreements were resolved by manner of discussion.
 
Methodological quality regarding the risk of bias in selected articles was assessed by one of the authors 
according to the criteria as set by the Cochrane Collaboration (Table 2,3,4,5 and 6). 
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Table 2. Assessment of risk of bias of included in vitro ((micro) shear bond strength) studies (n = 17) according to the Cochrane 

collaboration’s tool.  

Authors Adequate 

sequence 

generation?

Allocation 

concealment?

Blinding? Incomplete 

outcome data

Free of selective 

reporting? 

addressed?

Free of other 

bias? 

[22] UNCLEAR NA NA UNCLEAR Yes Yes

[16] UNCLEAR NA NA No Yes Yes

[27] UNCLEAR NA NA Yes Yes Yes

[25] UNCLEAR NA NA Yes No Yes

[26] UNCLEAR NA NA Yes Yes Yes

[29] UNCLEAR NA NA UNCLEAR Yes Yes

[28] UNCLEAR NA NA UNCLEAR Yes Yes

[23] UNCLEAR NA NA UNCLEAR Yes Yes

[30] UNCLEAR NA NA UNCLEAR Yes Yes

[31] UNCLEAR NA NA UNCLEAR Yes Yes

[24] UNCLEAR NA NA Yes Yes Yes

[21] UNCLEAR NA NA No Yes Yes

[20] UNCLEAR NA NA UNCLEAR Yes Yes 

[15] UNCLEAR NA NA UNCLEAR Yes Yes

[19] No NA NA Yes Yes Yes

[17] UNCLEAR NA NA Yes Yes Yes

[18] UNCLEAR NA NA Yes Yes Yes

Table 3. Assessment of risk of bias of included in vitro ((micro) tensile bond strength) studies (n = 14) according to the Cochrane 

collaboration’s tool. 

Authors Adequate 

sequence 

generation?

Allocation 

concealment?

Blinding? Incomplete 

outcome data

Free of selective 

reporting? 

addressed?

Free of other 

bias? 

[34] UNCLEAR NA NA UNCLEAR Yes Yes

[37] UNCLEAR NA NA Yes Yes No

[33] UNCLEAR NA NA Yes Yes Yes

[44] UNCLEAR NA NA UNCLEAR Yes Yes

[42] UNCLEAR NA NA Yes Yes Yes

[40] UNCLEAR NA NA UNCLEAR Yes Yes

[32] UNCLEAR NA NA UNCLEAR Yes Yes

[35] UNCLEAR NA NA Yes Yes Yes

[45] UNCLEAR NA NA UNCLEAR Yes Yes

[43] UNCLEAR NA NA UNCLEAR Yes Yes

[38] UNCLEAR NA NA Yes Yes Yes

[39] UNCLEAR NA NA Yes Yes Yes

[36] UNCLEAR NA NA Yes Yes Yes

[41] UNCLEAR NA NA UNCLEAR No Yes
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Table 4. Assessment of risk of bias of included in vitro (fracture strength) studies (n = 11) according to the Cochrane collaboration’s tool.

Authors Adequate 

sequence 

generation?

Allocation 

concealment?

Blinding? Incomplete 

outcome data

Free of selective 

reporting? 

addressed?

Free of other 

bias? 

[52] UNCLEAR NA NA UNCLEAR No Yes

[49] UNCLEAR NA NA UNCLEAR Yes Yes

[47] UNCLEAR NA NA UNCLEAR Yes Yes

[48] No NA NA UNCLEAR No Yes

[54] No NA NA UNCLEAR No Yes

[55] UNCLEAR NA NA UNCLEAR Yes Yes

[59] UNCLEAR NA NA No Yes No

[53] UNCLEAR NA NA UNCLEAR No No

[58] UNCLEAR NA NA UNCLEAR Yes Yes

[56] UNCLEAR NA NA UNCLEAR Yes Yes

[60] UNCLEAR NA NA UNCLEAR Yes Yes

In case of multiple clinical studies in which the same restorations were analyzed at different time 
intervals, leading to different publications, the study with the longest follow-up was selected for 
definitive analysis.

Inclusion criteria
Only articles about glass-ceramic materials were considered. Clinically, the focus was on single unit 
posterior restorations. Included studies should compare different cementation regimes and involve a 
“glass-ceramic/cement/human tooth”-complex. Studies regarding the benefits of IDS attracted special 
attention. Descriptive studies (e.g. technical notes), systematic reviews, case reports or studies with 
less than ten patients were excluded (Figure 1). Descriptions such as ‘selective double-bond technique’, 
‘resin coating technique’ or ‘adhesive resin liner’ were considered synonymous for IDS. 

Data extraction
The included studies were divided into in vitro and in vivo studies. For in vitro studies the data were 
organized according to the following topics: (micro) shear and (micro) tensile bond strength, fracture 
strength and finally marginal gap and integrity. For in vivo studies survival and quality of survival were 
considered. 
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Table 5. Assessment of risk of bias of included in vitro (marginal gap) studies (n = 26) according to the Cochrane collaboration’s tool.

Authors Adequate 

sequence 

generation?

Allocation 

concealment?

Blinding? Incomplete 

outcome data

Free of 

selective 

reporting? 

addressed?

Free of other 

bias? 

[72] No NA NA UNCLEAR Yes Yes

[76] UNCLEAR NA NA UNCLEAR Yes Yes

[50] UNCLEAR NA NA UNCLEAR No Yes

[79] UNCLEAR NA NA UNCLEAR Yes Yes

[74] UNCLEAR NA NA UNCLEAR Yes Yes

[73] UNCLEAR NA NA UNCLEAR Yes Yes

[71] UNCLEAR NA NA Yes Yes Yes

[63] UNCLEAR NA NA UNCLEAR Yes Yes

[78] UNCLEAR NA NA Yes Yes Yes

[77] UNCLEAR NA NA UNCLEAR No Yes

[70] UNCLEAR NA NA No Yes Yes

[62] UNCLEAR NA NA UNCLEAR No Yes

[66] UNCLEAR NA NA UNCLEAR Yes Yes

[67] UNCLEAR NA NA UNCLEAR No Yes

[80] UNCLEAR NA NA UNCLEAR Yes Yes

[75] UNCLEAR NA NA Yes UNCLEAR Yes

[57] UNCLEAR NA NA Yes UNCLEAR Yes

[82] UNCLEAR NA NA Yes Yes Yes

[46] UNCLEAR NA NA No Yes Yes

[65] UNCLEAR NA NA UNCLEAR No Yes

[61] UNCLEAR NA NA Yes No Yes

[51] UNCLEAR NA NA UNCLEAR Yes Yes

[64] UNCLEAR NA NA UNCLEAR No Yes

[81] UNCLEAR NA NA UNCLEAR Yes Yes

[68] UNCLEAR NA NA Yes No Yes

[69] UNCLEAR NA NA Yes Yes Yes
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Table 6. Assessment of risk of bias of included In vivo studies (n = 20) according to the Cochrane collaboration’s tool. 

Authors Adequate 

sequence 

generation?

Allocation 

concealment?

Blinding? Incomplete 

outcome data

Free of 

selective 

reporting? 

addressed?

Free of other 

bias? 

[83] UNCLEAR UNCLEAR UNCLEAR Yes Yes Yes

[99] UNCLEAR UNCLEAR UNCLEAR Yes No Yes

[94] No UNCLEAR UNCLEAR No No No

[93] UNCLEAR UNCLEAR UNCLEAR Yes Yes Yes

[101] UNCLEAR UNCLEAR UNCLEAR Yes No Yes

[91] UNCLEAR UNCLEAR UNCLEAR Yes Yes Yes

[87] UNCLEAR UNCLEAR UNCLEAR Yes No No

[89] UNCLEAR UNCLEAR UNCLEAR Yes No No

[97] UNCLEAR UNCLEAR UNCLEAR Yes Yes Yes

[98] UNCLEAR UNCLEAR UNCLEAR Yes Yes Yes

[92] UNCLEAR UNCLEAR UNCLEAR Yes Yes Yes

[84] UNCLEAR UNCLEAR UNCLEAR Yes Yes Yes

[88] UNCLEAR UNCLEAR UNCLEAR Yes No Yes

[102] UNCLEAR UNCLEAR UNCLEAR Yes No Yes

[100] Yes UNCLEAR Yes Yes Yes Yes

[95] UNCLEAR UNCLEAR UNCLEAR UNCLEAR No No

[96] UNCLEAR UNCLEAR UNCLEAR Yes No Yes

[86] UNCLEAR UNCLEAR UNCLEAR Yes Yes No

[85] UNCLEAR Yes UNCLEAR Yes Yes Yes

[90] UNCLEAR Yes UNCLEAR Yes Yes Yes

Results

The searches of MEDLINE (Pubmed), CENTRAL (Cochrane Central Register of Controlled Trials) and 
EMBASE resulted in 3008 publications. After exclusion of double publications, 2117 publications 
remained for title and abstract analysis. 1121 articles were hereafter included for full-text analysis. Only 
a limited additional number of publications was found after checking the references of the included 
studies. Application of specified exclusion criteria resulted in 88 publications that could be included in 
the review. The exclusion criteria are described in Figure 1.
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Identified articles (n = 3008)

MEDLINE search n = 1868

EMBASE search n = 806

COCHRANE search n = 332

HAND search n = 2

Included for title and abstract 

analysis (n = 2117)

Included for full text analysis

(n = 1121)

Included for data analysis (n = 88)

*In vivo: n = 20

*Fracture Strength: n = 11

(+3 double in MG / +1 double in TS n = 15)

*Marginal gap: n = 26

*(Micro) Tensile strength: n = 14

(+1 double in MG n = 15)

*(Micro) Shear Bond strength: n = 17

Excluded articles based on specific criteria (n = 1033)

Not a “glass-ceramic/cement/human tooth”- complex / Not a single restoration n = 443

Not cementation as examined variable / results not specified for each cement n = 184

Not intended outcome measure n = 303

Systematic review / descriptive study of letter n = 48

Anterior tooth or tooth number not specified n = 33

Case report or n ≤10 n = 3 

Same research population / Study retracted n = 16

Not full text available in library n = 3 

Title and abstract excluded (n = 996)

Double articles excluded (n = 891)

Figure 1. Algorithm of study selection procedure.

Interobserver agreement (Cohen’s kappa) regarding final in- or exclusion of studies that were proposed 
after full text analysis was 0.80 (IBM SPSS 22), which is generally considered to be a strong level of 
agreement.14 Initial disagreements were generally caused by ambiguities in the study design or the 
characterization of materials used.

The included studies were assessed for their risk of bias according to the Cochrane library (Table 2,3,4,5 
and 6). Assessment of allocation concealment and blinding of participants, personnel and outcome 
assessors for included in vitro studies proved difficult and hardly ever applicable. Sequence generation 
and incomplete outcome data for in vitro studies are not explained in most cases but just named. 
Assessment ‘unclear’ on incomplete outcome data generally implies that no missing data were reported. 
Most studies in this review did not report sequence generation, for in vitro studies the relevance of this 
can be subject of debate. For in vivo studies sequence generation, allocation concealment and blinding 
were often assessed as ‘unclear’, because studies often did not describe these procedures. Overall 
the included studies had a low risk of bias. More specifically; a low risk of bias was assessed for shear 
bond strength studies, for tensile strength studies and marginal gap studies. An unclear risk of bias was 
assessed for fracture strength studies and in vivo studies. 
 
Because of their great variety it is important to divide contemporary resin cements in subgroups 
regarding their curing type, their viscosity and whether they are either adhesive (with a 3-step adhesive), 
self-etching (with a 2-step or 1-step adhesive) or self-adhesive. This terminology is not used consistently 
in literature. An overview is presented in Figure 2. 
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Figure 2. Choices in commonly used resin composite cements. 

Cements that are named in this study will be specified as one of these three types, which usually 
depends on the adhesive used. Cement and adhesive system brand names, manufacturers, city and 
countries of origin are presented in Table 7. 

Dual–cure cement

Panavia F2.0 

Variolink II 

Nexus-High

RelyX ARC 

Light–cure cement

Dyract

RelyX Veneer 

 

High-viscous cement

Variolink Ultra 

Microfil Pointic C 

Cerec Duo Cement 

Spectrum-TPH

Low-viscous cement

Variolink II 

Nexus-High

Adhesive cement (3-step)

*With a 3-step adhesive (1:etch,

2:primer, 3: bonding)

Variolink II / Syntac 

RelyX ARC 

Self-etching cement (2–step)
*With a 2-step adhesive (1:etch + primer

and 2:bonding or 1:etch and 2: primer +

bonding)

*With a 1-step adhesive (1: etch + primer +

bonding)

Variolink II / Excite DSC 

Panavia F2.0 

Multilink (Automix) 

Clearfil Esthetic Cement 

Duolink

RelyX Unicem 

Nexus 2 

Self-adhesive cement (1-step)

Maxcem (Elite) 

Multilink Sprint 

RelyX Unicem 

G-Cem

iCem

Monocem

Chemical–cure cement 
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Table 7. Cement and adhesive system brand names, manufacturers, city and countries of origin.

Adapter SingleBond 2, 3M ESPE, Seefeld, Germany

All-Bond 2, Bisco Inc., Schaumburg, IL, USA

Authentic, Ceranay, Stuttgart, Germany

Aquacem, Dentsply deTrey, Konstanz, Germany

Biomer, Dentsply Caulk, Milford, DE, USA

Cavex Clearfil F2, Cavex, Norden, Germany 

Cergo, DeguDent, Hanau, Germany

Cergogold, DeguDent, Hanau, Germany

Chemiace II, Sun Medical, Moriyama City, Japan

Clearfil Esthetic Cement, Kuraray, Tokyo, Japan

Clearfil Protect Bond, Kuraray, Tokyo, Japan

Clearfil SA, Kuraray, Tokyo, Japan

DeTrey Zinc, Dentsply deTrey, Konstanz, Germany

Definite Multibond primer, DeguDent, Hanau, Germany

Definite cement, DeguDent, Hanau, Germany

Dicor cement, Dentsply, York, PA, USA

Dicor LAC, Dentsply deTrey, Konstanz, Germany

Ducere LFC, Ducere, Rosbach, Germany

Duo-Link, Bisco Inc., Schaumburg, IL, USA

Dycal, Dentsply Caulk, Milford, DE, USA

Dyract-Cem, Dentsply DeTrey, Konstanz, Germany

ED Primer II, Kuraray, Tokyo, Japan

Enforce, Dentsply, São Paulo, Brazil

Excite (DSC), Ivoclar Vivadent, Schaan, Liechtenstein

Finesse, Dentsply Ceramco, Burlington, NJ, USA

Fleck’s, Mizzy Inc, Cherry Hill, USA

Fuji I, GC Corp., Tokyo, Japan

Fuji Plus (F), GC Corp., Tokyo, Japan

G-Cem, GC Corp., Tokyo, Japan

Geristore, Dent-Mat, Santa Maria, USA

GC Fuji Cem, GC Corp., Tokyo, Japan

Go!, 3M ESPE, Seefeld, Germany

Harvard, Richter-Hoffman, Berlin, Germany

Harvard cement, Harvard Dental, Berlin, Germany

iCem, Hereaus Kulzer, Hanau, Germany

Illusion Universal Cementation System, Bisco Dental products, 

Richmond, BC, Canada

IPS E.max Press, Ivoclar Vivadent, Schaan, Liechtenstein

IPS Empress (I) (II), Ivoclar Vivadent, Schaan, Liechtenstein

Ketac-Cem, 3M ESPE, , St. Paul, MN, USA

Linerbond 2V, Kuraray, Osaka, Japan

Metabond, Sun Medical, Moriyama City, Japan 

Maxcem, Kerr-Hawe, Orange, CA, USA

Microfil Pontic C, Hereaus Kulzer, Hanau, Germany

Mirage, Chameolon Dental, Kansas City, KA, USA

Mirage ABC, Chameolon Dental, Kansas City, KA, USA

Mirage FLC, Chameolon Dental, Kansas City, KA, USA

Multilink (Automix), Ivoclar Vivadent, Schaan, Liechtenstein

Multilink primer, Ivoclar Vivadent, Schaan, Liechtenstein

Multilink Sprint, Ivoclar Vivadent, Schaan, Liechtenstein

Nexus, Kerr Corp, Orange, CA, USA

Nexus 2, Kerr Corp, Orange, CA, USA

Nexus 3, Kerr Corp, Orange, CA, USA

Nexus-High, Kerr Corp, Orange, CA, USA

Noritake Super porcelain, Noritake Dental Supply Co. Ltd., Nagoya, Japan

One Coat Bond, Coltene/Whaledent AG, Altstätten, Switzerland 

Optibond FL, Kerr Corporation, Orange, United States

Panavia 21, Kuraray, Osaka, Japan

Panavia F2.0, Kuraray, Osaka, Japan

Panavia F, Kuraray, Osaka, Japan

Protect Liner F, Kuraray, Osaka, Japan

Prodigy, Kerr Corp., Orange, CA, USA

RelyX ARC, 3M ESPE, St. Paul, MN, USA

RelyX Veneer, 3M ESPE, St. Paul, MN, USA

RelyX Unicem (Clicker), 3M ESPE, St. Paul, MN, USA

Single Bond, 3M ESPE, Seefeld, Germany

Self-etching primer A+B, Ivoclar Vivadent, Schaan, Liechtenstein

SmartCEem 2, Dentsply Caulk, Milford, DE, USA

Spectrum-TPH, Dentsply Caulk, PA, USA

SpeedCEM, Ivoclar Vivadent AG, Schaan, Liechtenstein

Super-Bond C&B, Sun Medical, Moriyama City, Japan

Super porcelain EX-3, Noritake Kizai Co., Ltd., Nagoya, Japan

Syntac (classic), Ivoclar Vivadent, Schaan, Liechtenstein

Temp Bond, Kerr, Corporation, Orange, United States

Tetric flow, Ivoclar Vivadent, Schaan, Liechtenstein

Universal glass ionomer, Super Dent, Westbury, NY, USA

Variolink II, Ivoclar Vivadent, Schaan, Liechtenstein

Variolink II base, Ivoclar Vivadent, Schaan, Liechtenstein

Variolink II refill, Ivoclar Vivadent, Schaan, Liechtenstein

Variolink II Ultra, Ivoclar Vivadent, Schaan, Liechtenstein

Vitadur Alpha, Vita, Vita, Bad Sächingen, Germany

Vita Cerec Duo Cement, Coltene/Whaledent AG, Altstätten, Switzerland 
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Generally, different cement brands, cement types or cementation techniques were compared in the 
included studies (e.g. water based cements among which are zinc phosphate (Harvard); polycarboxylate 
cement (Harvard); glass ionomer (Fuji I; Ketac-Cem; Dyract-Cem) and resin cements (Panavia 2; RelyX 
Unicem; Multilink; MaxCem; G-Cem; Prodigy; Nexus; Vita Cerec Duo Cement and Clearfil Esthetic 
cement) in combination with several brands of glass-ceramic restorations.

1.1 In vitro studies
1.1.1 (Micro) Shear bond strength (n=17 studies)
Seventeen studies could be identified that met the inclusion criteria, their risk of bias is overviewed in 
Table 2.
 
In only one study different groups of luting agents were used and the authors concluded that zinc 
phosphate cement and glass ionomer cements produced the lowest shear bond strengths, whereas the 
highest shear bond strengths were found with two self-etching cements (Panavia F2.0 and Multilink) 
and one self-adhesive resin cement (RelyX Unicem).15 
 
Several studies16-22 (n=7) compared different resin cements in a shear bond strength test. Adhesive 
cements produced significantly higher shear bond strength values to dentin.16,17 When comparing 
self-adhesive cements with self-etching cements, the self-etching cements showed the highest bond 
strengths to dentin.18 To enamel a self-etching cement (Variolink II /Excite DSC) produced better results 
compared to another self-etching cement (Clearfil Esthetic cement/ ED primer II).19 When different 
self-etch resin cements were compared Duo-Link showed the highest bond strength, followed by 
Variolink II (with Excite DSC) and Nexus 2 showed the lowest.20 To dentin and enamel the adhesive 
cement Variolink II and the self-etch cement Panavia F2.0 showed the highest shear bond strengths, 
with Variolink II reaching the highest values.21 In another study a similar conclusion was reached, but 
with no difference between Panavia F2.0 and Variolink II.22 
 
Others, using a push-out test, concluded that an adhesive cement (Variolink II / Syntac) did not perform 
better than three self-adhesive cements.23 To enamel three different self-etching resin cements with 
different setting modes (dual-cure, light-cure, flow) were compared in a microshear bond strength test, 
no significant differences were seen.24 
 
Four studies25-28 focused specifically on the presumed benefits of IDS compared to Delayed Dentin 
Sealing (DDS). In two studies different dentin adhesives acted as an IDS and the authors concluded 
that they did not alter the retentive strength of adhesively luted ceramic restorations using either of 
the tested bonding systems.25,26 Two other studies concluded that IDS using Clearfil SE Bond resulted in 
improved shear bond strength compared to DDS.27,28 
 
The application of fluoride- or triclosan based desensitizing agents prior to adhesive cementation did 
not influence the shear bond strength29, nor did laser- etching of the dentin compared to a self-etch 
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(Clearfil Esthetic) and an etch-and-rinse cementation procedure (Variolink II).30 Application of a silane 
coupling agent to the ceramic surface after etching with hydrofluoric acid increases the shear bond 
strength.31 
 
In summary, some evidence supports the use of adhesive cement with respect to the shear bond 
strength compared to self-adhesive and self-etch systems when luting all ceramic materials to human 
dentin. There is little evidence to support the assumption that IDS improves the shear bond strength 
especially when Clearfil SE Bond was used. 

1.1.2 (Micro) Tensile Bond Strength (n=15 studies)
Fifteen articles could be included investigating the effect of different cements on glass-ceramic 
restorative materials with a (micro) tensile bond strength test, their risk of bias is overviewed in Table 3.
 
When comparing different cement groups, glass ionomer cement (Aquacem) yielded far lower 
tensile bonding strengths (2-3 times) compared to a self-etch resin cement (Dicor LAC). 32 In studies 
comparing different resin cements results were opposite or similar about which cement, self-etching 
or self-adhesive, resulted in the highest tensile bond strength33-35 or obtained similar results for each 
cement, be it adhesive, self-etching or self-adhesive.36 Values were still worse than those obtained 
using adhesive luting agents37,38 (personal communication). But in another study this was contradicted 
because the self-etching cement did better than the adhesive cement.39 When a less commonly used 
self-etching adhesive system (Super Bond C&B) was used, a higher tensile bond strength was obtained 
compared to two other self-etching cements.40  
 
It was hypothesized that the tensile bonding strength is not so much dependent on the type of adhesive 
approach, but more so on the chemical composition and viscosity of the cement used. Interestingly, 
the use of self-etch adhesive combined with a restorative composite (Clearfil SE bond with Clearfil 
APX) yielded higher tensile bond stresses to dentin than dedicated self-adhesive, self-etch and adhesive 
cements.39 But no such difference was found when the same material (Clearfil APX) was used with 
another bonding system (Linerbond 2V).41 
 
Overall, auto-cure lead to a lower microtensile bond strength when compared to dual-cure cement 
modes.42,43 Precuring of the adhesive layer increased tensile bond strengths.43 As before, tensile bond 
strengths were also higher for enamel than for dentin, i.e. in a study by Habekost et al.44 The effect of 
IDS on microtensile bond strength was tested in two studies. An IDS layer (one or two resin coatings) 
applied directly after preparation yielded higher values compared to applying it just prior to cementation 
or not at all. No temporary restorations were made.45,46 
 
In summary, no one particular cement or adhesive system, be it self-etching, self-adhesive or adhesive 
showed overall superior results with respect to (micro) tensile bond strength. IDS improved microtensile 
bond strength in both included studies.
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1.1.3 Fracture strength (n=15 studies)  
Fifteen studies could be identified that met the inclusion criteria, their risk of bias is overviewed in Table 
4. Seven studies47-53 examined the effect of different cement groups like zinc phosphate, glass ionomer 
or resin cements. Regardless of the preparation type, specimens with crowns that were adhesively 
cemented were stronger upon occlusal loading than those with conventionally cemented crowns.47 
Several other researchers came to a similar conclusion: zinc phosphate cements were associated with 
the lowest fracture loads 48  and adhesive cements increased fracture load significantly compared to glass 
ionomer and zinc-phosphate cement. 49,50 When comparing two self-adhesive cements with an adhesive 
cement and a glass ionomer cement, the self-adhesive cement (RelyX Unicem) revealed the highest 
fracture strength. 51 In one study the authors concluded that the cement type had no statistical significant 
effect on fracture resistance within the ceramic system52 and in another study there were no differences 
found in fracture strength between glass ionomer, zinc phosphate and composite resin cements.53  
 
Seven studies44,54-59 were included that examined the performance of different resins cements. Different 
variations of dentin bonding agents and resin luting materials were tested (1: Mirage ABC and Mirage 
FLC; 2: Metabond; 3: All-bond 2 and Duolink; 4: Scotchbond multipurpose and 3M indirect porcelain 
bonding kit; 5: Mirage ABC and 3M Indirect porcelain bonding kit). Mirage porcelain crowns were luted 
to premolars. The last two groups produced higher fracture strengths than the other three, suggesting 
that 3M indirect bonding kit was of significant influence.54 In a study comparing two-different dual-cure 
resin cements, it was unclear which adhesive system was used for each cement so the cements cannot 
be considered adhesive, self-etching or self-adhesive. The authors hypothesize that cements with a 
higher flexural modulus exhibit higher values of fracture resistance for the ceramic/tooth assembly.55 
Others also suggest that the modulus of elasticity or the preparation design may be of larger influence 
than the adhesiveness of resin cements.44,56 In one study the authors concluded that the cement type 
had a significant effect on fatigue resistance in favor of the self-etching Panavia F257 , but other authors 
concluded Panavia F did the poorest, compared to other dual-cured resin cements.58 When comparing 
a dual-cure cement (RelyX ARC) with a light-cure cement (RelyX Veneer), no significant differences in 
loads at failure between the tested cement group 59 were seen.
 
One study described the effect of the thickness of IDS materials (Clearfil SE Bond and Protect Liner F) on 
the fracture strength of IPS Empress II crowns cemented with Panavia F. The film thickness formed by 
Clearfil SE Bond and Protect Liner F increased the fracture load of IPS Empress II crowns.60  
 
In summary, teeth that are restored with an indirect glass-ceramic restoration, with respect to in 
vitro fracture strength of posterior adhesively cemented specimen, exhibit higher fracture strength 
with adhesive cements. Literature is inconclusive about the type of resin cement used. The modulus 
of elasticity is considered more important that the type of resin cement. There are no data found in 
the literature on fracture strength using contemporary glass-ceramics, such as lithium disilicate. So, 
extrapolation of the findings to current materials and cementation protocols should only be done with 
great reservations. Little evidence supports the use of IDS in increasing the fracture load.60 
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1.1.4 Marginal gap and marginal integrity (n=26 studies) 
Twenty-six studies could be identified that met the inclusion criteria, their risk of bias is overviewed 
in Table 5. The effect of different viscosities was given special attention by several authors. The in 
vitro studies focusing on marginal gap and marginal integrity are too numerous to allow for individual 
discussion. Therefore the relevant findings evolving from these studies are outlined underneath.
 
A consistent finding is that the least microleakage and the best marginal adaptation is obtained when 
using a resin cement.50,61-64 These cements are also the least affected by artificial ageing. A glass ionomer 
cement exhibited a considerable drop in marginal adaptation after thermocycling, and such a finding 
seems relevant to clinical practice.51 
 
Four studies65-68 focused on the effect of resin cements with different viscosities on marginal adaptation 
when luting a glass-ceramic restoration. The degree of viscosity was generally referred to as ‘high’ 
(e.g. Variolink Ultra; Microfil Pontic C; Cerec Duo cement; Spectrum-TPH) or ‘low’ (e.g. Variolink II; 
Nexus-High), without further physical description of the terms ‘high’ or ‘low’. Both the initial size of the 
gap and the viscous properties of the luting agent were found to influence the final marginal (and also 
internal) gap width and marginal integrity. For relatively small discrepancies between the outline of the 
preparation and the margin of the restoration, low and high viscous cements result in similar interface 
widths after cementation.65 Highly viscous cement is recommended for restorations with a larger luting 
space.66,67 Even luting spaces greater than 100µm can be partially compensated by a resin cement. In 
such cases highly viscous, filled composite cements are recommended when considering the quality of 
post-cementation marginal integrity.68 
 
When applying resin cements, the degree of microleakage is generally higher on dentin margins than on 
enamel margins.57,69-75 Cement systems involving an etch and rinse approach result in higher percentages 
of gap-free margins in enamel than other luting systems, although in one study no difference was found 
between the etch and rinse cement (Panavia F2.0) and a self-adhesive resin cement (RelyX Unicem).76 
However, self-etch adhesives and self-etch cements are also capable of sealing dentin tubules 77-79 or 
were even considered superior to the etch-and-rinse approach regarding this aspect. 80  

In a study involving the cementation of partial crowns, preparation design was of no influence with 
respect to the size of the marginal gap.63 Five studies46,75,80-82 investigated the potential benefit of an IDS 
on the marginal gap. A temporary restoration was provided in only one of the studies.80 In two studies 
the flowable composite extended to the cervical margin,75,81 whereas in the other studies contamination 
of the margin with resin material was avoided,80,82 which seems a relevant difference when looking at 
marginal adaptation. In most studies, less microleakage was seen when applying IDS compared to no 
IDS.75,80-82 However, one study found little difference in reducing microleakage at the dentin interface 
and even increased it at the enamel interface.46 
 
In summary, adhesive resin cements showed the least microleakage and are least affected by artificial 
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aging. With a large marginal gap a highly viscous cement is recommended, when the gap is smaller 
(without specification of ‘small’ and ‘large’) there is no advantage but also no disadvantage of using 
a highly viscous cement. Compared to enamel, there was generally more microleakage in dentin. 
There was little proof that with etch-and-rinse systems a higher percentage of gap-free margins could 
be obtained in enamel, compared to dentin. With self-etching systems and self-adhesive systems 
equivalent or even more gap-free margins were reached in dentin. IDS was generally considered of 
merit in reducing microleakage.

1.2 In vivo studies (n=20 studies)
There were twenty clinical studies on glass-ceramic restorations comparing different cementation 
protocols, but protocols and materials were seldom similar among different studies. Their risk of bias 
is overviewed in Table 6. Clinical performance is described as survival or success, often with additional 
qualitative measures such as USHPS-criteria (United States Public Health Services criteria) and 
CDA-criteria (California Dental Association criteria).
 
Mirage fired feldspathic restorations were luted with either a dual cure composite (Mirage) or a glass 
ionomer luting cement (Fuji I), resulting in 2% and 15% lost or fractured restorations, respectively, after 
a maximum observation period of 3 years. The predominant complication was adhesive bond failure 
at the cement-porcelain interface83 as also concluded by others.84 Clinically, good marginal adaptation 
and marginal seal and consequently little marginal discoloration, as well as good wear resistance were 
observed, as expressed according to the USHPS criteria. No difference was seen in the cementation 
procedure. Marginal breakdown of this type of restoration cement with glass ionomer was also seen in 
a different study.85  
 
In another, similar study restorations could be evaluated after 6 years with 12% and 26% failures 
respectively. The difference was already obvious at the 3-year recall period.86 In contrast to the former 
study, a deterioration of qualitative parameters was seen during the initial 3 years when judged 
according to USPHS-criteria regarding marginal adaptation and surface roughness for the dual-cure 
cement group, and even more so for the glass ionomer group. The use of a light-cured (Mirage) instead 
of a dual-cured adhesive cement (Mirage FLC) presumably caused incomplete curing of the cement 
because of insufficient penetration of the light through the inlays, with concomitant reduction in 
fracture strength.87 The insufficient penetration was associated with 80% versus 20% fracture of the 
Mirage restorations after a mean observation period of just over one year, especially in thin restorations 
(< 2mm). These restorations were so thin because a lining cement was used in case of deep preparations 
(Dycal or a glass ionomer). A similar protocol to protect the vital pulp was adopted in the study by 
van Dijken et al.86, which should be kept in mind when extrapolating the results to other situations or 
current cementation protocols.
 
In another split mouth study, Cerec (Vita Mark II) inlays were cemented with either a dual cured (Vita 
Cerec Duo cement, Vita) or chemically cured resin cement (Cavex Clearfil F2) and evaluated according 
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to the CDA-criteria. Twenty-three percent of the restorations were replaced, all from the dual cured 
resin cement group within a 10-year period. Possibly, the self-curing capacity of the dual-cured resin 
cement was insufficient to achieve adequate hardening in order to withstand the stresses and strains 
that can arise in posterior regions. Although no differences in qualitative parameters were reported 
between baseline and after 10 years, acceptable scores for marginal discoloration after 10 years were 
seen more frequently in the dual-cured than in the chemically cured cement group (58% versus 78%).88  
 
Klink and colleagues also used Vitablocs Mark II full crowns, partial crowns and inlays luted with either 
Variolink II or RelyX Unicem. According the CDA-criteria inlays and partial crowns performed well. 
Prevalence of complications or failure was highest for crowns. They concluded that success was related 
to patient factors and restoration type, not luting protocol.89 Others also found that resin cement type 
was not of influence on success using the same ceramic material.90 It is noteworthy that the margins 
were entirely in enamel.
 
In a study by Gemalmaz and colleagues two adhesive cements (Variolink ultra and Enforce) and a glass 
ionomer cement (Geristore) were used to lute Ducere LFC ceramic inlays resulting in 13%, 13% and 33% 
failures respectively after a little more than 2 years. Margins were evaluated by SEM on gypson models. 
Deterioration of marginal adaptation, rate of submargination and marginal discoloration of surviving 
restorations luted with the glass ionomer cement were markedly inferior to those luted with the other 
two cements, with the restorations cemented with Variolink ultra performing the best.91 
 
In a prospective dual-center study, the clinical behavior of adhesively luted pressed glass-ceramic 
restorations (Cergogold) was evaluated using two cementation regimens (personal communication). 
One group of restorations was luted with Definite Multibond primer with corresponding adhesive and 
Definite cement and the other with Syntac classic (3-steps) with Variolink ultra cement. Survival rates 
were 93% and 95% respectively after 4 years, with the first group exhibiting more hypersensitivity 
shortly after cementation of the restoration (27% versus 0%). Hence both luting protocols provided 
similar results when compared according to USPHS criteria and by SEM.92 A similar conclusion was 
reached in a different study by the same group involving other patients after 4 years of clinical service.93 
Two operators luted Cergogold inlays in 39 patients using protocols same to those previously described. 
Considerable interoperator differences were observed with respect to annual failure rate (0.6 versus 
6.2%).
 
Lithium disilicate restorations were cemented with either a commercially available self-etching dual 
curing cement (control, Multilink Automix) or a self-adhesive dual-curing ‘experimental’ cement 
originating from the same company (experimental). Both cements had qualitatively similar results after 
2 years of function as assessed by the modified USPHS-criteria. All restorations functioned for 2 years 
without crown fracture or surface chipping. The undisclosed nature of the experimental cement leaves 
little room for practical comparison or interpretation. The publication did not mention the type of 
restoration that was provided (full, circumferential or partial).94 For this restoration type, inlays luted with 
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resin-modified glass ionomer cement (Fuji plus F) or a self-cured resin composite cement (Panavia 21) 
yielded similar results after 5 years.95 IPS Empress (leucite reinforced glass-ceramic) restorations were 
cemented with different adhesive approaches and can function successfully for 15 years.96 Others also 
saw good long term results, but described a significant amount of deterioration of marginal adaptation 
in the long run, even though modern adhesive procedures were used. Overall failure rates of this type 
of restoration were in the order of 8-10 % after 10 years.97-99 A classic etch-and-rinse approach (Syntac 
classic/Variolink II) produced better marginal integrity when cementing leucite-reinforced glass-ceramic 
inlays than a contemporary self-adhesive resin cement (Relyx Unicem) after 2 years in function.100  
Another author favored dual-cure cements based on 12-year results 101 , whereas the viscosity of the 
cement (low versus high) was not of influence on success in a large prospective study after 10 years. 102 
 
In conclusion, most included, rather heterogeneous clinical studies involve relatively old, no longer 
available restoration types or systems. The use of lining cements in several older protocols challenges 
external validity. Cementation protocols involving glass ionomer cements generally (but not always) 
result in more fracture and loss of restorations as well as poorer qualitative performance of surviving 
restorations compared to protocols involving adhesive resin cements. Studies comparing cementation 
protocols for more contemporary restorative materials (lithium disilicate) are rare and involve 
self-etching, self-adhesive or adhesive procedures. None of these cementation protocols can be 
considered clearly superior in clinical performance on the basis of the reviewed literature.  
 
There is limited evidence that light-cured resin cements perform worse than dual-cured cements, 
whereas solely chemically cured resin cements perform the best. Results obtained with technically 
challenging adhesive cementation procedures may be operator-dependent. Marginal deterioration is 
frequently reported, also when using adhesive cements.
 
No clinical studies evaluated the potential benefits of IDS protocols were identified.

Discussion

This review is aimed at organizing knowledge regarding the cementation of glass-ceramic restorations, 
particularly posterior, single unit ones, with a special emphasis on the possible merits of IDS. The topic is of 
interest to the clinician because of the growing number of all ceramic restorations that are being placed. 
They substitute metal and metal-ceramic crowns and are advantageous because they are relatively cheap 
in light of the current gold price, their manufacturing price and because of their superior esthetics. In early 
years, glass-ceramics were cemented with conventional cements like glass ionomers, with limited adhesive 
properties. This reflects on the results, as demonstrated in this comprehensive review and consequently 
challenges the external validity of data subtracted from these studies to contemporary, strengthened 
glass-ceramics (leucite reinforced glass-ceramic and lithium disilicate). By removing superficial glass 
content by etching, glass-ceramics can be cemented adhesively and as a result allow non-retentive 



38 | Chapter 2

preparation forms, maintaining sound tooth tissue. This may help avoiding endodontic complications.

Bonding to dentin has traditionally been considered to be more challenging than to enamel. IDS may 
provide better results with respect to the bonding capacity and it is possibly also more friendly to the 
pulp. Over 3000 studies were initially identified for this review, but many were discarded, predominantly 
because they did not compare different cementation protocols or evaluated a “glass-ceramic/cement/
human tooth” complex. The selection on articles in the English language only may have introduced 
some bias.
 
The in vitro and in vivo studies that were included proved dramatically heterogeneous. Consequently, 
they do not allow meta-analysis or relevant grouping because of different test methods (e.g. tooth and 
substrate preparation, dimension and geometry of the restoration or tested ceramic, tooth number, 
storage conditions, artificial aging / thermocycling or not, cyclic loading or not, cementation protocols 
(e.g. a single or a double adhesive layer), testing machines, standardization of the test method, crosshead 
speed of the testing device and the size of the steel ball during instrumentation, the use of a ‘stress breaker’ 
such as a rubber dam, film thickness of luting cements, or (lack of) definition of outcome parameters, 
particularly the mode of failure). It was decided to include studies only if they compared cements or 
cementation procedures, thus correcting for the heterogeneity in some manner. Often it was complicated 
to categorize the cementation procedures into ‘adhesive’, ‘self-etching’ or ‘self-adhesive’ because of the 
chosen bonding agents and the confusing way that they were applied and described.
 
With respect to the application of IDS, terminology and the clinical application in the literature 
regarding this procedure is different. The present authors regard IDS as a procedure in which a resin 
layer is applied immediately after preparation, followed by impression taking and the provision of a 
temporary restoration in combination with a temporary cement. Eventually, this restoration is replaced 
by a glass-ceramic one, which is luted to the re-activated IDS layer and the uncovered tooth structure 
by means of a resin cement. In the current review, when no temporary restoration was provided in an 
evaluated study, it is referred to as a ‘resin coating’, which is fundamentally different. The manner in 
which such an intermediate layer is applied and conditioned is also expected to be of influence and 
often different among studies that were included. 
 
Nevertheless and possibly as a result of the rather rigorous inclusion and exclusion criteria, the included 
studies in the review are generally considered of good methodological quality as evaluated by the 
Cochrane’s collaboration tool of bias.
 
In vitro studies identify some differences in outcome resulting from the tested protocols or variables. 
These are generally not reflected in the rather more crude, clinical outcome measures, such as survival 
of a restoration, presented in in vivo studies. Therefore it is tentatively suggested that when luting 
modern glass-ceramics to posterior teeth, adhesive protocols that are the most operator and patient 
friendly may be preferred.
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Conclusion

Bearing in mind the shortcomings and limitations of this review as described above, the following 
conclusions are drawn. 
 
From in vitro studies it can be concluded that adhesive systems (3-steps, etch-and-rinse) show the best 
(micro) shear bond strength values compared to self-adhesive and self-etch systems when luting to 
human dentin. For (micro) tensile strength values or evaluation of the marginal gap no such preference 
can be identified on the basis of the reviewed literature. The highest fracture strength is obtained using 
adhesive cements, rather than water based cements like glass ionomer.
 
Clinical studies comparing cementation protocols for contemporary restorative glass-ceramic materials 
(lithium disilicate) are rare and involve self-etching, self-adhesive and adhesive procedures. No marked 
clinical preference for one specific procedure could be demonstrated on the basis of the reviewed 
literature.
 
Few studies focus on the possible merits of IDS. The benefits are most convincingly illustrated by the 
favorable microtensile bond strengths when compared to negative or positive controls in vitro. No 
clinical trials have been performed and deleterious clinical consequences, be it objective or subjective 
were not reported.



40 | Chapter 2

12. Sirisha K, Rambabu T, Ravishankar Y, Ravikumar P. Validity 

of bond strength tests: A critical review-part II. J Conserv Dent 

2014;17:420-426.

13. De Munck J, Van Landuyt K, Peumans M, Poitevin A, 

Lambrechts P, Braem M, Van Meerbeek B. A critical review 

of the durability of adhesion to tooth tissue: Methods and 

results. J Dent Res 2005;84:118-132.

14. Landis JR, Koch GG. The measurement of observer 

agreement for categorical data. Biometrics 1977;33:159-174.

15. Peutzfeldt A, Sahafi A, Flury S. Bonding of restorative 

materials to dentin with various luting agents. Oper Dent 

2011;36:266-273.

16. Bitter K, Paris S, Hartwig C, Neumann K, Kielbassa AM. 

Shear bond strengths of different substrates bonded to 

lithium disilicate ceramics. Dent Mater J 2006;25:493-502.

17. Toman M, Toksavul S, Akin A. Bond strength of all-ceramics 

to tooth structure: Using new luting systems. J Adhes Dent 

2008;10:373-378.

18. Zhang C, Degrange M. Shear bond strengths of self-adhesive 

luting resins fixing dentine to different restorative materials. J 

Biomater Sci Polym Ed 2010;21:593-608.

19. Toman M, Cal E, Turkun M, Ertugrul F. Bond strength 

of glass-ceramics on the fluorosed enamel surfaces. J Dent 

2008;36:281-286.

20. Pekkan G, Hekimoglu C. Evaluation of shear and 

tensile bond strength between dentin and ceramics 

using dual-polymerizing resin cements. J Prosthet Dent 

2009;102:242-252.

21. Luhrs AK, Guhr S, Gunay H, Geurtsen W. Shear bond 

strength of self-adhesive resins compared to resin cements 

with etch and rinse adhesives to enamel and dentin in vitro. 

Clin Oral Investig 2010;14:193-199.

22. Altintas S, Eldeniz AU, Usumez A. Shear bond strength 

of four resin cements used to lute ceramic core material to 

human dentin. J Prosthodont 2008;17:634-640.

References

1. Calamia JR. Etched porcelain facial veneers: A new 

treatment modality based on scientific and clinical evidence. 

N Y J Dent 1983;53:255-259.

2. Conrad HJ, Seong WJ, Pesun IJ. Current ceramic materials 

and systems with clinical recommendations: A systematic 

review. J Prosthet Dent 2007;98:389-404.

3. Raptis NV, Michalakis KX, Hirayama H. Optical behavior of 

current ceramic systems. Int J Periodontics Restorative Dent 

2006;26:31-41.

4. Chan C, Weber H. Plaque retention on teeth restored with 

full-ceramic crowns: A comparative study. J Prosthet Dent 

1986;56:666-671.

5. Sjogren G, Sletten G, Dahl JE. Cytotoxicity of dental alloys, 

metals, and ceramics assessed by millipore filter, agar overlay, 

and MTT tests. J Prosthet Dent 2000;84:229-236.

6. Tian T, Tsoi JK, Matinlinna JP, Burrow MF. Aspects of 

bonding between resin luting cements and glass ceramic 

materials. Dent Mater 2014;30:e147-62.

7. Edelhoff D, Özcan M. To what extent does the longevity 

of fixed dental prostheses depend on the function of the 

cement? working group 4 materials: Cementation. Clin Oral 

Implants Res 2007;18 Suppl 3:193-204.

8. Magne P. Immediate dentin sealing: A fundamental 

procedure for indirect bonded restorations. J Esthet Restor 

Dent 2005;17:144-54; discussion 155.

9. Pashley EL, Comer RW, Simpson MD, Horner JA, Pashley 

DH, Caughman WF. Dentin permeability: Sealing the dentin in 

crown preparations. Oper Dent 1992;17:13-20.

10. Bertschinger C, Paul SJ, Luthy H, Scharer P. Dual application 

of dentin bonding agents: Effect on bond strength. Am J Dent 

1996;9:115-119.

11. Gehrt M, Wolfart S, Rafai N, Reich S, Edelhoff D. Clinical 

results of lithium-disilicate crowns after up to 9 years of 

service. Clin Oral Investig 2013;17:275-284.



2

Cementation of glass-ceramic posterior restorations: A systematic review | 41

23. Flury S, Lussi A, Peutzfeldt A, Zimmerli B. Push-out 

bond strength of CAD/CAM-ceramic luted to dentin with 

self-adhesive resin cements. Dent Mater 2010;26:855-863.

24. Kermanshah H, Borougeni AT, Bitaraf T. Comparison of the 

microshear bond strength of feldspathic porcelain to enamel 

with three luting resins. J Prosthodont Res 2011;55:110-116.

25. Dagostin A, Ferrari M. Effect of resins sealing of dentin 

on the bond strength of ceramic restorations. Dent Mater 

2002;18:304-310.

26. Dalby R, Ellakwa A, Millar B, Martin FE. Influence of 

immediate dentin sealing on the shear bond strength of 

pressed ceramic luted to dentin with self-etch resin cement. 

Int J Dent 2012;2012:310702.

27. Choi YS, Cho IH. An effect of immediate dentin sealing 

on the shear bond strength of resin cement to porcelain 

restoration. J Adv Prosthodont 2010;2:39-45.

28. Falkensammer F, Arnetzl GV, Wildburger A, Krall C, 

Freudenthaler J. Influence of different conditioning methods 

on immediate and delayed dentin sealing. J Prosthet Dent 

2014;112:204-210.

29. Dundar M, Cal E, Gokce B, Turkun M, Özcan M. Influence 

of fluoride- or triclosan-based desensitizing agents on 

adhesion of resin cements to dentin. Clin Oral Investig 

2010;14:579-586.

30. Giray FE, Duzdar L, Oksuz M, Tanboga I. Evaluation of 

the bond strength of resin cements used to lute ceramics on 

laser-etched dentin. Photomed Laser Surg 2014;32:413-421.

31. Graiff L, Piovan C, Vigolo P, Mason PN. Shear bond strength 

between feldspathic CAD/CAM ceramic and human dentine 

for two adhesive cements. J Prosthodont 2008;17:294-299.

32. Michelini FS, Belser UC, Scherrer SS, De Rijk WG. Tensile 

bond strength of gold and porcelain inlays to extracted teeth 

using three cements. Int J Prosthodont 1995;8:324-331.

33. Escribano N, de la Macorra JC. Microtensile bond strength 

of self-adhesive luting cements to ceramic. J Adhes Dent 

2006;8:337-341.

34. D’Arcangelo C, De Angelis F, D’Amario M, Zazzeroni 

S, Ciampoli C, Caputi S. The influence of luting systems 

on the microtensile bond strength of dentin to indirect 

resin-based composite and ceramic restorations. Oper Dent 

2009;34:328-336.

35. Ozturk AN, Inan O, Inan E, Ozturk B. Microtensile bond 

strength of cad-cam and pressed-ceramic inlays to dentin. 

Eur J Dent 2007;1:91-96.

36. Suyama Y, de Munck J, Cardoso MV, Yamada T, Van 

Meerbeek B. Bond durability of self-adhesive composite 

cements to dentine. J Dent 2013;41:908-917.

37. De Angelis F, Minnoni A, Vitalone LM, Carluccio F, Vadini 

M, Paolantonio M, D’Arcangelo C. Bond strength evaluation 

of three self-adhesive luting systems used for cementing 

composite and porcelain. Oper Dent 2011;36:626-634.

38. Rigolin FJ, Miranda ME, Florio FM, Basting RT. Evaluation 

of bond strength between leucite-based and lithium 

disilicate-based ceramics to dentin after cementation with 

conventional and self-adhesive resin agents. Acta Odontol 

Latinoam 2014;27:16-24.

39. Sarr M, Mine A, De Munck J, Cardoso MV, Kane AW, 

Vreven J, Van Meerbeek B, Van Landuyt KL. Immediate 

bonding effectiveness of contemporary composite cements 

to dentin. Clin Oral Investig 2010;14:569-577.

40. Marocho SM, Özcan M, Amaral R, Bottino MA, Valandro 

LF. Effect of resin cement type on the microtensile bond 

strength to lithium disilicate ceramic and dentin using 

different test assemblies. J Adhes Dent 2013;15:361-368.

41. Uno S, Tanaka T, Kawamoto C, Konishi J, Sano H. 

Microtensile bond strength to dentin and cavity adaptation 

of cerec 2 inlay restoration. Am J Dent 2000;13:59-63.

42. Luhrs AK, De Munck J, Geurtsen W, Van Meerbeek B. 

Composite cements benefit from light-curing. Dent Mater 

2014;30:292-301.

43. Rathke A, Hokenmaier G, Muche R, Haller B. Effectiveness 

of the bond established between ceramic inlays and 

dentin using different luting protocols. J Adhes Dent 

2012;14:147-154.

44. Habekost Lde V, Camacho GB, Demarco FF, Powers 



42 | Chapter 2

on fracture resistance of teeth restored with dentin-bonded 

crowns. Quintessence Int 1998;29:21-27.

55. Cubas GB, Habekost L, Camacho GB, Pereira-Cenci T. 

Fracture resistance of premolars restored with inlay and 

onlay ceramic restorations and luted with two different 

agents. J Prosthodont Res 2011;55:53-59.

56. Shahrbaf S, van Noort R, Mirzakouchaki B, Ghassemieh E, 

Martin N. Fracture strength of machined ceramic crowns as a 

function of tooth preparation design and the elastic modulus 

of the cement. Dent Mater 2014;30:234-241.

57. Kassem AS, Atta O, El-Mowafy O. Fatigue resistance and 

microleakage of CAD/CAM ceramic and composite molar 

crowns. J Prosthodont 2012;21:28-32.

58. Ortega VL, Pegoraro LF, Conti PC, do Valle AL, Bonfante 

G. Evaluation of fracture resistance of endodontically treated 

maxillary premolars, restored with ceromer or heat-pressed 

ceramic inlays and fixed with dual-resin cements. J Oral 

Rehabil 2004;31:393-397.

59. Good ML, Orr JF, Mitchell CA. In vitro study of mean loads 

and modes of failure of all-ceramic crowns cemented with 

light-cured or dual-cured luting cement, after 1 and 30 d of 

storage. Eur J Oral Sci 2008;116:83-88.

60. Spohr AM, Borges GA, Platt JA. Thickness of immediate 

dentin sealing materials and its effect on the fracture load of 

a reinforced all-ceramic crown. Eur J Dent 2013;7:474-483.

61. Medic V, Obradovic-Djuricic K, Dodic S, Petrovic R. In 

vitro evaluation of microleakage of various types of dental 

cements. Srp Arh Celok Lek 2010;138:143-149.

62. Gu XH, Kern M. Marginal discrepancies and leakage 

of all-ceramic crowns: Influence of luting agents and aging 

conditions. Int J Prosthodont 2003;16:109-116.

63. Federlin M, Schmidt S, Hiller KA, Thonemann B, Schmalz 

G. Partial ceramic crowns: Influence of preparation design 

and luting material on internal adaptation. Oper Dent 

2004;29:560-570.

64. Rosentritt M, Behr M, Lang R, Handel G. Influence of 

cement type on the marginal adaptation of all-ceramic MOD 

inlays. Dent Mater 2004;20:463-469.

JM. Tensile bond strength and flexural modulus of resin 

cements--influence on the fracture resistance of teeth 

restored with ceramic inlays. Oper Dent 2007;32:488-495.

45. Ozturk N, Aykent F. Dentin bond strengths of two 

ceramic inlay systems after cementation with three different 

techniques and one bonding system. J Prosthet Dent 

2003;89:275-281.

46. Kitayama S, Pilecki P, Nasser NA, Bravis T, Wilson RF, 

Nikaido T, Tagami J, Watson TF, Foxton RM. Effect of resin 

coating on adhesion and microleakage of computer-aided 

design/computer-aided manufacturing fabricated all-ceramic 

crowns after occlusal loading: A laboratory study. Eur J Oral 

Sci 2009;117:454-462.

47. Bernal G, Jones RM, Brown DT, Munoz CA, Goodacre CJ. 

The effect of finish line form and luting agent on the breaking 

strength of dicor crowns. Int J Prosthodont 1993;6:286-290.

48. Burke FJ. The effect of variations in bonding procedure 

on fracture resistance of dentin-bonded all-ceramic crowns. 

Quintessence Int 1995;26:293-300.

49. Attia A, Abdelaziz KM, Freitag S, Kern M. Fracture load 

of composite resin and feldspathic all-ceramic CAD/CAM 

crowns. J Prosthet Dent 2006;95:117-123.

50. Behr M, Rosentritt M, Mangelkramer M, Handel G. The 

influence of different cements on the fracture resistance 

and marginal adaptation of all-ceramic and fiber-reinforced 

crowns. Int J Prosthodont 2003;16:538-542.

51. Mormann W, Wolf D, Ender A, Bindl A, Gohring T, Attin T. 

Effect of two self-adhesive cements on marginal adaptation 

and strength of esthetic ceramic CAD/CAM molar crowns. J 

Prosthodont 2009;18:403-410.

52. Al-Wahadni AM, Hussey DL, Grey N, Hatamleh MM. 

Fracture resistance of aluminium oxide and lithium 

disilicate-based crowns using different luting cements: An in 

vitro study. J Contemp Dent Pract 2009;10:51-58.

53. McCormick JT, Rowland W, Shillingburg HT,Jr, Duncanson 

MG,Jr. Effect of luting media on the compressive strengths 

of two types of all-ceramic crown. Quintessence Int 

1993;24:405-408.

54. Burke FJ, Watts DC. Effect of differing resin luting systems 



2

Cementation of glass-ceramic posterior restorations: A systematic review | 43

65. Martin N, Jedynakiewicz NM. Interface dimensions of 

CEREC-2 MOD inlays. Dent Mater 2000;16:68-74.

66. Hahn P, Attin T, Grofke M, Hellwig E. Influence of resin 

cement viscosity on microleakage of ceramic inlays. Dent 

Mater 2001;17:191-196.

67. Hahn P, Schaller HG, Mullner U, Hellwig E. Marginal leakage 

in class II-restorations after use of ceramic-inserts luted with 

different materials. J Oral Rehabil 1998;25:567-574.

68. Schmalz G, Federlin M, Reich E. Effect of dimension of 

luting space and luting composite on marginal adaptation of 

a class II ceramic inlay. J Prosthet Dent 1995;73:392-399.

69. Trajtenberg CP, Caram SJ, Kiat-amnuay S. Microleakage 

of all-ceramic crowns using self-etching resin luting agents. 

Oper Dent 2008;33:392-399.

70. Ghazy M, El-Mowafy O, Roperto R. Microleakage of 

porcelain and composite machined crowns cemented with 

self-adhesive or conventional resin cement. J Prosthodont 

2010;19:523-530.

71. Federlin M, Krifka S, Herpich M, Hiller KA, Schmalz G. 

Partial ceramic crowns: Influence of ceramic thickness, 

preparation design and luting material on fracture resistance 

and marginal integrity in vitro. Oper Dent 2007;32:251-260.

72. Abdalla AI, Davidson CL. Marginal integrity after fatigue 

loading of ceramic inlay restorations luted with three 

different cements. Am J Dent 2000;13:77-80.

73. Cal E, Celik EU, Turkun M. Microleakage of IPS empress 

2 inlay restorations luted with self-adhesive resin cements. 

Oper Dent 2012;37:417-424.

74. Bott B, Hannig M. Effect of different luting materials on 

the marginal adaptation of class I ceramic inlay restorations 

in vitro. Dent Mater 2003;19:264-269.

75. Iida K, Inokoshi S, Kurosaki N. Interfacial gaps following 

ceramic inlay cementation vs direct composites. Oper Dent 

2003;28:445-452.

76. Behr M, Hansmann M, Rosentritt M, Handel G. 

Marginal adaptation of three self-adhesive resin cements 

vs. a well-tried adhesive luting agent. Clin Oral Investig 

2009;13:459-464.

77. Frankenberger R, Lohbauer U, Schaible RB, Nikolaenko 

SA, Naumann M. Luting of ceramic inlays in vitro: Marginal 

quality of self-etch and etch-and-rinse adhesives versus 

self-etch cements. Dent Mater 2008;24:185-191.

78. Ferrari M, Dagostin A, Fabianelli A. Marginal integrity 

of ceramic inlays luted with a self-curing resin system. Dent 

Mater 2003;19:270-276.

79. Behr M, Rosentritt M, Regnet T, Lang R, Handel G. 

Marginal adaptation in dentin of a self-adhesive universal 

resin cement compared with well-tried systems. Dent Mater 

2004;20:191-197.

80. Haller B, Hassner K, Moll K. Marginal adaptation of dentin 

bonded ceramic inlays: Effects of bonding systems and luting 

resin composites. Oper Dent 2003;28:574-584.

81. Schenke F, Hiller KA, Schmalz G, Federlin M. Marginal 

integrity of partial ceramic crowns within dentin with 

different luting techniques and materials. Oper Dent 

2008;33:516-525.

82. Kitayama S, Nasser NA, Pilecki P, Wilson RF, Nikaido T, 

Tagami J, Watson TF, Foxton RM. Effect of resin coating and 

occlusal loading on microleakage of class II computer-aided 

design/computer-aided manufacturing fabricated ceramic 

restorations: A confocal microscopic study. Acta Odontol 

Scand 2011;69:182-192.

83. Aberg CH, van Dijken JW, Olofsson AL. Three-year 

comparison of fired ceramic inlays cemented with composite 

resin or glass ionomer cement. Acta Odontol Scand 

1994;52:140-149.

84. Malament KA, Socransky SS. Survival of dicor 

glass-ceramic dental restorations over 20 years: Part IV. 

the effects of combinations of variables. Int J Prosthodont 

2010;23:134-140.

85. van Dijken JW, Horstedt P. Marginal breakdown of fired 

ceramic inlays cemented with glass polyalkenoate (ionomer) 

cement or resin composite. J Dent 1994;22:265-272.

86. van Dijken JW, Hoglund-Aberg C, Olofsson AL. Fired 

ceramic inlays: A 6-year follow up. J Dent 1998;26:219-225.



44 | Chapter 2

87. Isidor F, Brondum K. A clinical evaluation of porcelain 

inlays. J Prosthet Dent 1995;74:140-144.

88. Sjogren G, Molin M, van Dijken JW. A 10-year prospective 

evaluation of CAD/CAM-manufactured (cerec) ceramic 

inlays cemented with a chemically cured or dual-cured resin 

composite. Int J Prosthodont 2004;17:241-246.

89. Klink A, Huettig F. Complication and survival of mark II 

restorations: 4-year clinical follow-up. Int J Prosthodont 

2013;26:272-276.

90. Zuellig-Singer R, Bryant RW. Three-year evaluation of 

computer-machined ceramic inlays: Influence of luting agent. 

Quintessence Int 1998;29:573-582.

91. Gemalmaz D, Özcan M, Alkumru HN. A clinical evaluation 

of ceramic inlays bonded with different luting agents. J Adhes 

Dent 2001;3:273-283.

92. Kramer N, Reinelt C, Richter G, Frankenberger R. 

Four-year clinical performance and marginal analysis of 

pressed glass ceramic inlays luted with ormocer restorative 

vs. conventional luting composite. J Dent 2009;37:813-819.

93. Frankenberger R, Reinelt C, Petschelt A, Kramer N. 

Operator vs. material influence on clinical outcome of 

bonded ceramic inlays. Dent Mater 2009;25:960-968.

94. Fasbinder DJ, Dennison JB, Heys D, Neiva G. A clinical 

evaluation of chairside lithium disilicate CAD/CAM crowns: A 

two-year report. J Am Dent Assoc 2010;141 Suppl 2:10S-4S.

95. van Dijken JW. Resin-modified glass ionomer cement and 

self-cured resin composite luted ceramic inlays. A 5-year 

clinical evaluation. Dent Mater 2003;19:670-674.

96. van Dijken JW, Hasselrot L. A prospective 15-year 

evaluation of extensive dentin-enamel-bonded pressed 

ceramic coverages. Dent Mater 2010;26:929-939.

97. Kramer N, Frankenberger R. Clinical performance of 

bonded leucite-reinforced glass ceramic inlays and onlays 

after eight years. Dent Mater 2005;21:262-271.

98. Kramer N, Taschner M, Lohbauer U, Petschelt A, 

Frankenberger R. Totally bonded ceramic inlays and onlays 

after eight years. J Adhes Dent 2008;10:307-314.

99. Atali PY, Cakmakcioglu O, Topbasi B, Turkmen C, Suslen 

O. IPS empress onlays luted with two dual-cured resin 

cements for endodontically treated teeth: A 3-year clinical 

evaluation. Int J Prosthodont 2011;24:40-42.

100. Taschner M, Kramer N, Lohbauer U, Pelka M, Breschi 

L, Petschelt A, Frankenberger R. Leucite-reinforced glass 

ceramic inlays luted with self-adhesive resin cement: A 

2-year in vivo study. Dent Mater 2012;28:535-540.

101. Frankenberger R, Taschner M, Garcia-Godoy 

F, Petschelt A, Kramer N. Leucite-reinforced glass 

ceramic inlays and onlays after 12 years. J Adhes Dent 

2008;10:393-398.

102. Stoll R, Cappel I, Jablonski-Momeni A, Pieper K, 

Stachniss V. Survival of inlays and partial crowns made 

of IPS empress after a 10-year observation period and 

in relation to various treatment parameters. Oper Dent 

2007;32:556-563.



2

Cementation of glass-ceramic posterior restorations: A systematic review | 45




	Chapter 2



