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RESUMO 

Introdução: Espera-se que protocolos que conseguem bons resultados nos testes 

laboratoriais in vitro, relativamente à adesão dos blocos CAD-CAM, provoquem impacto nos 

protocolos clínicos do profissional médico dentista no tratamento de seus pacientes, 

sempre que tais protocolos sejam aplicáveis à rotina clínica. 

Objetivo: Analisar as implicações dos achados laboratoriais obtidos in vitro nos protocolos 

clínicos in vivo para a adesão eficiente de blocos de CAD-CAM, pela realização de uma 

revisão sistemática integrativa. 

Materiais e Método: A pesquisa foi realizada nos bancos de dados PUBMED, EbscoHost e 

ScienceDirect, pela combinação dos termos na fórmula de busca [(CAD/CAM) E (adesivo OU 

adesão OU colagem OU cimentação) E (cerâmica OU bloco) E protocolo] publicados em inglês, 

com texto integral disponível e entre 01jan2015 e 31jul2021.  

Resultados:  

A pesquisa recuperou 508 artigos, mas apenas 39 foram selecionados de acordo com os 

critérios de inclusão, 37 estudos laboratoriais e 2 casos clínicos. Vita Enamic® (VITA) e IPS 

e.max®  (Ivoclar) são os blocos CAD-CAM mais usados. Rely X® Ultimate Dual (3M) foi a 

resina de cimentação mais usada, e  μSBS o teste de força adesiva mais usado. 

Conclusões: Embora tenhamos padrões precisos de testes in vitro individuais, é necessário 

um maior nível de padronização entre os pesquisadores, a fim de promover maior fidelidade 

na reprodução de protocolos na prática cotidiana. 

 

PALAVRAS-CHAVE: CAD/CAM, cerâmicas, blocos, adesão, cimentação, protocolo 
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ABSTRACT  

Introduction: It is expected that protocols that achieve good result in laboratory research in 

vitro, in relation to the adhesion protocols for CAD-CAM blocks, will have an impact on the 

clinical protocols of the dental professional in the treatment of their patients, whenever 

such protocols are applicable to the clinical routine. 

Objective:  To smooth out  the implications of laboratory findings obtained  in vitro in  

clinical protocols for efficient involvement of  CAD-CAM blocks by conducting an  integrative 

systematic review. 

Materials and Method:  The search was carried out in Pubmed, EbscoHost and ScienceDirect 

databases, by combining the terms in the search form[(CAD-CAM) AND (adhesive OR 

adhesion OR bonding OR cementation) AND (ceramics OR blocks) AND protocol], published 

in English, with full text available and between 01jan2015 and  31jul2021. 

Results: The search retrieved 508 articles, but only 39 were selected according to the 

inclusion criteria, 37 laboratory studies and 2 clinical reports. Vita Enamic® (VITA) and IPS 

e. max® (Ivoclar) are the most used CAD-CAM blocks. Rely X® Ultimate Dual (3M) was the 

most used luting cement, and µSBS the most used bonding strength test. 

Conclusions: Even though we have accurate standards of individual in vitro tests, a greater 

level of standardization among researchers is needed to promote greater fidelity in 

reproducing protocols in daily practice. 

KEYWORDS: CAD-CAM, ceramics, blocks, adhesion, bonding,  protocol  
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1. INTRODUCTION 

Computerized technologies such as Computer-aided design-Computer-aided 

manufacturing (CAD-CAM) are becoming a common practice in restorative dentistry 

nowadays, facilitating the manufacturing process of highly aesthetic indirect restorations.1-

5 

It allows 3D modelling, chair side milling of restorations6 and single visit1 restorations 

can be made with an excellent fit and mechanical properties.7 CAM restorations are 

fabricated by industrial standardized methods, while laboratory-handmade restorations are 

fabricated and processed in dependence of the operator, what can cause a high level of 

variations. Comparing each other, the quality, the bond strength and the clinical longevity 

of these CAD-CAM restorations seem to have been increased over the years, having today 

in most of the cases a better performance.8  

CAD-CAM blocks used for fabrication of indirect aesthetic restorations are mainly 

ceramics or composites.1,6  Ceramics have long been the material of choice due to 

exceptional aesthetics, biocompatibility and high strength. However, conventional all-

ceramics restorations are laborious to be fabricated and repaired, and suspicious of causing 

excessive wear of the opposing teeth. The continuous improvement of resin composites and 

adhesive dentistry led to the development of resin composite blocks (RCBs). The major 

advantages of RCBs compared to ceramics are easier fabrication, favourable properties as 

lower hardness and elastic modulus, and the possibility of direct intraoral fixing.7  

Other materials have been developed using CAD-CAM technology with no need for 

additional aesthetic porcelain coating, such as monolithic zirconia materials (MZ).9,10 These 

materials allow the offer of crowns with minimal thicknesses, 0.5 mm or even less, due to 

its hight degree of hardness (1387 HV). In vitro studies have shown that MZ crowns cause 

less wear damage to the antagonist tooth than older ceramic or ceramic-metallic 

restauration. However, worth mentioning that comparations between those studies cannot 

be reliable because the materials in question had different surface finishing and the 

methods to analyse the wear were different. Additionally, intraoral wear is a complex 
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phenomenon that cannot be simulated easily in vitro, and the location of the restauration 

and the degree of parafunction habits can vary among patients.10 

Composite resin bonding is an important step in the process of delivering indirect 

restorations, both ceramics or composites, that rely on adhesion and have direct effect in 

their longevity,6 especially if it is needed to improve of the mechanical properties of the 

tooth-prothesis complex.2  Successful adhesive bonding depends on the bond strength 

between the restoration and the material and may increase the intrinsic fracture resistance 

of each kind of material. Catastrophic, partial or chipping fractures are the most common 

failures found in the mouth due to function.1,11 High retention, prevention of microleakage, 

and enhancement of marginal adaptation are the characteristics of a resilient and durable 

adhesive bond.6 Recent bets on chemical modification of cementing resins with, for 

example, the introduction of antibacterial agents and multifunctional monomers, improved 

the adhesives bond strength to dentin, enhancing their long-term performance and 

protecting the toot-adhesive interface from microleakage.3 

The literature is unclear regarding the surface treatment of the adhesive joint 

substrates, best luting cement, ceramic and dentine bonding agent to produce the highest 

bond strength, and a huge number of studies have been carried out, but still there is no 

consensus regarding the optimal protocol. 8,12 Resin composite, as a cement have been used 

for their advantageous mechanical and adhesive properties, in conventional metal crowns, 

fixed partial dentures, ceramic crowns and veneers, but also to repair fractured metal-

ceramic, all-ceramics and composite restorations as a restorative material. Bond strength 

to ceramic material is influenced by the composition of the ceramic substrate and by 

mechanical and chemical interaction between substrate and the bonding agent.8 The 

surface treatment method choice is important for the clinical utility of ceramic restorations 

and the selection of this method is dependent on the chemical and physical properties of 

the material.13 

Mechanical and chemical mechanism of bonding are employed to enhance resin 

cement/glass-ceramic bonding, and silane can provide chemical adhesion to silica-

containing ceramic substrates and acid etchants as hydrofluoric acid can dissolve part of 

the glassy phase facilitating mechanical interlocking with the resin cement.13 Currently, 

combination of mechanical and chemical strategies is the most accepted procedure for 
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enhancing resin cement/glass-ceramic bonding.14 Nevertheless, in what concerns MZ, the 

consensus is not yet established.13,15 

Various studies evaluated the effect of different pre-treatments on adhesion between 

restorative materials and dentin in laboratory studies,2,8 but they have limitations in terms 

of clinical use. The large number of tested techniques are usually hardly comparable in the 

literature.2  

Various factors can influence the quality of the bond, such as the intrinsic 

composition of the restorative material and luting agents, the type of surface treatment, 

and the physics characteristics of the mechanism of adhesion.13,16 

For the clinician, the selection of the ideal surface treatment protocol and adequate 

luting agent for each material should be a major concern as it influences the long-term 

success of the restoration, technically conditioning the adhesion between indirect 

restorations and tooth. 
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2. OBJECTIVES 

The aim of this integrative systematic review was to analyse the implications of 

laboratory findings obtained in vitro into the clinical protocols. Secondarily, we aimed  to 

evaluate the in vivo efficacy of the adhesion of CAD-CAM blocks reported in the literature. 
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3. MATERIALS AND METHOD 

A bibliographic search was carried out in the databases PubMed, Sciencedirect and 

EBSCOhost, with the Keywords: “Adhesion”; “Adhesive”; “Protocol”; “System”; “Bonding”; 

“CAD”. The search expression used was: (Adhesion OR Adhesive) AND (Protocol OR System) 

AND (Bonding) AND (CAD). 

For inclusion the criteria were articles in English language, research papers, 

randomized clinical trials or clinical cases that addressed the theme of the study, publication 

in the last 6 years (01Jan2015 – 01Jul2021) and articles with accessible full-text. Systematic 

reviews, reviews, duplicated papers and papers published before 2015, were exclusion 

criteria. With this method of searching, a total of 508 articles were selected, and then a 

preliminary assessment of the work was carried out. 199 duplicated articles were withdrawn 

using the Zotero citation manager and 218 more articles were removed by  title and abstract 

review, as shown in Figure 1.  

After full reading 35 articles were excluded for not meeting the criteria.  

Finally, 39 articles were selected and included in this review.  

An addittional search was performed manually by pairing each keyword with the word 

CAD, to identify actual pertinent reviews, sistematic reviews related to the subject, or other 

studies indirectly related to the subject, to allow comparisions or to broaden the 

introduction and discussion seccions. 

Data extraction was performed, resumed in tables and the considered most pertinent 

information was displaied in comprehensive graphics, after application of the filters: type 

of CAD-CAM blocks used, luting material used in laboratory and in vivo tests, king of test 

used for bonding strength evaluation (µTBS or µSBS), type of surface treatment and 

coupling agent. 
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Figure 1 – Flowchart of the search strategy used in this study, according to PRISMA. 
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4. RESULTS 

The search retrieved 508 articles, 108 articles found in the PubMed database, 176 in 

Sciencedirect and 224 in EBSCOhost, and after applying the inclusion and exclusion criteria, 

39 were selected, from  which 37 were laboratory studies1,6,8,11,14,16-47 and 2 clinical reports48,49. 

The manual search retrieved 2 reviews,4,5 4 systematic reviews,2,7,12,13 3 systematic reviews 

with metanalysis,3,9,10 2 laboratorial studies15,51 and 1 survey50 that were used in the 

introduction and discussion sections. 

Data extraction retrieved information displayed in Tables 1 to 5, and from the analysis 

of the data presented in the selected articles, filter by type of CAD-CAM blocks used (Figure 

2), luting material used in laboratory and in vivo tests (Figure  3) and king of test used for 

bonding strength evaluation (µTBS or µSBS) (Figure  4). 

There was a prevalence of use of Vita Enamic® (VITA Zahnfabrik) and IPS e. max® 

Cad (Ivoclar Vivadent) relatively to blocks from other manufacturers, followed by Vita Mark 

II® (VITA Zahnfabrik) and LAVA® Ultimate (3M ESPE). Without doubt  the most luting 

cement used was Rely X® Ultimate Dual (3M ESPE).  

The graphics resulting from the filters type of surface treatment and coupling agent 

can be seen in Figure 5 and 6. 
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Figure 2 – CAD-CAM blocks found in the selected articles. 

 

Figure 3 – Luting cements found in the selected articles. 

 

 

Figure 4 – Type of test that was found in the studies. 

 

Figure 5 – Surface treatment used in the selected articles. 
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Figure 6 - Coupling agents used in the selected articles. 
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Table 1- Resumed extraction data from the selected studies. 
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Table 2 - Resumed extraction data from the selected studies. 
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Table 3 - Resumed extraction data from the selected studies. 
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Table 4 - Resumed extraction data from the selected studies. 
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Table 5 - Resumed extraction data from the selected studies. 
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5. DISCUSSION 

Limiting this research to publications from the last 6 years was due with the intention 

of seeking laboratory results of materials potentially in use in contemporary clinical 

practice. However, the bias of the results should not have occurred, since on this subject, in 

the last 20 years, 70% of the articles were published within the chosen period.  

In this systematic review, we found several types of protocols that aim to establish 

an adequate, efficient, and reliable way from the point of view of the longevity of prosthetic 

rehabilitation, for the adhesion of the different types of milled CAD-CAM blocks to dental 

structures in cases of indirect restorations. These protocols aim, above all, to offer solutions 

for the clinicians so that they can achieve with their patients a restorative treatment that 

is functionally and aesthetically satisfactory for as long as possible, as the innovations 

brought by the CAD CAM process has greatly facilitated indirect restorations with a high 

degree of esthetic demand and when well executed, they are satisfactorily long-lasting 

since the adhesive systems used achieve a stable union between the milled material and 

the tooth in a relatively practical and fast way, as demonstrated by the two clinical trials 

presented here.11,17,22,26,28,46,48,49 

We should also highlight, as a success factor for this type of restoration, the low 

production cost when compared to traditional methods of manual ceramic application.13 In 

other words, there are numerous factors that seem very evident when we talk about the 

success of indirect restorations with CAD-CAM blocks.22 This review, however, brings out 

one of the dissonant factors regarding this issue, which is the apparent lack of 

systematization between the different in vitro protocols found in the articles accessible to 

be analyzed.  

A careful analysis of the tests, whether in vitro or in vivo, highlights the lack of 

parallelism between the protocols used by the different authors, which makes it difficult for 

the clinician to identify a reliable process that can be reproducible in daily practice.   

It is also important to refer that the process of choosing the union system for different 

restorative materials often presents itself as a complicated issue for clinicians. 
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According to Klosa et al. (2016)50 a quiz taken in German dentists showed that a high 

number of professionals employed inappropriate bonding methods. This indicates the 

potential benefit of simplifying bonding processes as well as establishing clear and evidence 

based criteria.22 

         We can certainly find a level of agreement among the reviewed authors 

regarding the importance of using appropriate cements as well as the judicious use of 

surface conditioners and bonding agents to obtain durable restorations.12,16,24,26  

However, the universe of options both in terms of laboratory protocols and the 

diversity of materials available for CAD-CAM restorations, such as blocks, cements, bonding 

agents and surface conditioners is vast.23 Equally varied is the number of types of tests that 

assess strength,25 as well as protocols that simulate aging and bonding failure. What we do 

know for sure, is that we still don't have a clear answer as to which type of ceramic and 

adhesive system has the highest bond strength values for clinical use,42 which absolutely 

does not mean that we do not have good materials and good analysis protocols at our 

disposal, it is just not yet possible to say precisely which are the best. Such a variety of 

materials often plays a counterproductive role in a research of this nature as it is impossible 

to test all of them at the same time, so it is very common to see researchers going in the 

diametrically opposite direction, that is, testing only one type of material. This choice 

obviously presents itself as a limitation, as even though a dual-cure resin cement is 

considered the gold standard for adhesive luting, each of the different brands has important 

differences in their properties.27,29,44 

The most evident limitation regarding these studies is the fact that most of the 

articles, 37 of them, were in vitro studies in detriment of only 2 in vivo studies where both 

used pressed all-ceramic IPS e.max® crowns or IPS e.max CAD ® as restorative blocks. 

Variolink® Esthetic, Variolink II ®Ivoclar (Vivadent AG)  and RelyX Ultimate (3M ESPE) was 

chosen as luting material corroborating the trend of choice of such materials by researchers, 

either in vitro or in vivo tests.48,49 We know, for example, that it is very common for 

specimens in laboratory tests to be kept in water, which does not fully reproduce the 

dynamics of the oral cavity environment in terms of temperature variations, saliva bath, 

occlusal loads or eventual parafunctional habits.28,29,38,42,51 
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Furthermore, in vivo studies often entail risks for both professionals and volunteers, 

who undergo these studies. Such dreaded risks have stimulated the advancement of 

research guidelines involving human subjects such as the Research Ethics Board for Health 

Sciences Research Involving Human Subjects (HSREB) of the Western University, Ontario, 

Canada48 or the Ethic Committee for Humans Studies from Bauru School of Dentistry at 

University of São Paulo, Brazil,18 a fact that can act as a demotivation for the pursue of 

randomised clinical trials, the probable reason for our finding of only to studies. 

Addressing the issue of lack of parallelism between studies involving the CAD-CAM 

blocks in their specific points, we can mention the tests that assess the bond strength. 

The most common tests used by researchers are the tensile bond strength (TBS) and 

shear bond strength (SBS) tests. Such tests are specifically used when we have specimens 

with bonded areas between 7 to 28 mm2,  numbers that represent relatively large areas for 

intraoral dimensions.1 However, when analysing the articles that bring cohesive strength 

tests in this review, it is much more common to find the so-called micro-shear and micro-

tensile tests due to limitations related to cohesive failures in areas larger than 2 mm2.1 

Smaller areas have a lower coefficient of variation when compared to other types of 

tests11,18,46. As shown in Figure  4, this review found a slight trend towards greater use of 

µSBS tests to the detriment of µTBS. Of the articles researched, only one of them used both 

types and test.18  All others used only µSBS1,8,11,14,18-21,23,25,27,32,34,36,40,42,44,47 or only µTBS 

tests6,17,29,43.  

Although both types of tests meet the International Organization for Standardization 

(ISO) guidelines, the choice of doing only tensile and compression tests or tests that assess 

the bond strength at the interface between the block and the tooth or even both types of 

tests together sound more like a researcher's preference over a universal analysis 

standard.46 

When analysing the studies, some authors tried to simulated aging and materials 

fatigue by submitting the specimens to thermocycling. We found a disparity related to the 

amount of thermocycling between the articles, which ranged from 5.00019,21 to 240.00030 

cycles, but also had variation of temperature and moisture conditions for the same type of 

test.  
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As discussed above, in vitro tests involving CAD-CAM blocks try to reproduce the 

conditions found both in the oral cavity, but also try to reproduce the resources available 

for the clinician. The materials used as cements, bonding agents, surface conditioners and 

light curing agents tend to be the same found in any dental office around the world. 

However, the way these resources are used in in vitro assays varies considerably.  

When approaching light curing protocols, we found important differences in the 

articles of this systematic review both in terms of the light wavelength used  and curing 

time adopted, as we have articles that advocate a wavelength of 1220mW/cm2,23,29,44  some 

use 1000 mW/cm2, 6,8,19 and others 650 mW/cm2,22 As for the polymerization time, it can 

vary from 20s8 to 400s,6 what means approximately 7 minutes. Such variations can certainly 

cause confusion among clinicians, not to mention the impracticality of polymerizing a single 

restoration for 7 minutes in a patient with multiple teeth to be restored and the potential 

pulpal lesion by heating.52 

To reproduce in a minimally similar way the conditions found in the oral cavity, the 

tests conducted in the articles adopted the water-storage of the specimens at 37oC for some 

period, but in turn do not meet standard criteria. The water-storage periods varied a lot, 

ranging from 24h22,46 to 6 months,14 Therefore, we have a convergence regarding objective 

parameters such as the average body (oral) temperature, but the divergence is evident when 

adopting subjective parameters such as the time.  

Regarding the specific focus of this systematic review, we can see, in Figure s 2 and 

3, that despite having a wide variety of materials available, researchers tend to privilege 

some materials over others. In relation to CAD-CAM blocks, the most used materials are the 

IPS e. max® (Ivoclar Vivadent), Vita Enamic® (Vita - Zahnfrabik) and Lava® Ultimate (3M 

ESPE). Among the luting materials, Rely X® Ultimate Dual (3M ESPE) stands out as the 

most used of them.1,6,8,11,14,16,19,21-24,26,27,29-31,33,37,38,41,42,47,49 As frequently the laboratorial studies 

are sponsored, we cannot discharge the hypothesis that the preferred materials were, in 

some extent, conditioned by the access to sponsorship or were chosen in view of the dental 

clinicians’ preferences. 
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6. CONCLUSIONS 

Based on the findings of this systematic review, we concluded that: 

1) The lack of standardization in laboratory studies is evident, and several 

aspects related to materials testing  and technical resources are usually complex 

and sometimes contradictory to allow the clinicians to have maximum assurance 

that they are following a conduct that is scientifically accurate.  

2) There is a real commitment of researchers to find the best way to test 

materials and develop methods that can serve as parameters, so that clinicians 

can carry out restorative rehabilitation with CAD-CAM blocks, a technology that 

undoubtfully is increasing mechanical performance and intraoral durability. 

3) In vitro studies cannot accurately reproduce the entire dynamics of intraoral 

conditions. 

4) It is desirable a unification of the test parameters, at least of those that 

could be reproduced in the daily clinic as trusty as possible. 

5) Randomized clinical trials or well documented clinical cases concerning this 

subject are almost inexistent, probably reflecting the rapidly emerging materials, 

a fact that didn’t allow the inference of direct application of laboratory findings in 

clinical practice. 
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7. CLINICAL CONSIDERATIONS 

        The relevance of this systematic review is within the scope of the importance of 

unifying the scientific parameters that test the characteristics of the materials used by the 

clinician daily. Such standardization gives professionals the security of using materials to 

the fullest of their restorative capabilities, leading to even longer lasting, aesthetic and 

functional treatments. 
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