
Braz Dent Sci 2020 Apr/Jun;23(2)1

ABSTRACT
Objective: The objective of this study was to evaluate 
the effect of immediate dentin sealing, bonding 
technique, and restorative material on the dentin 
bond strength of an indirect composite (Solidex) 
and a resin nanoceramic CAD/CAM block (LAVA 
Ultimate). Material and Methods: A total of 120 
periodontally extracted human molar teeth were 
abraded horizontally and divided into two groups 
according to dentin sealing procedures (delayed 
dentin sealing [DDS] and immediate dentin sealing 
[IDS]). Next, all teeth were attached to a simulated 
pulpal pressure mechanism. The specimens were 
removed from the mechanism after a week. Teeth 
were subdivided into three groups based on the 
bonding technique and the type of cement used 
(Acid-etching + Single Bond Universal + RelyX 
Ultimate, Single Bond Universal + RelyX Ultimate, 
RelyX Unicem).  Each subgroup was further divided 
into 2 subgroups according to the type of restorative 
material used (Solidex [n = 10], Lava Ultimate CAD/
CAM restorative material [n = 10]). Sixty cylindrical 
samples prepared using both the restorative materials 
were bonded to the tooth surface according to their 
group’s bonding procedures. All specimens were 
embedded in chemically cured acrylic resin for shear 
bond strength test. The shear bond strength (SBS) 
of the specimens was determined by a universal 
testing machine with a headspeed of 0.5 mm/min. 
Results: Three-way ANOVA, independent-sample t 
test and post hoc Tukey comparison tests (α=0.05) 
were performed on all data. There were significant 
differences between the groups. It was found that 
IDS process significantly increased bond strength 
in all groups. When dentin bond strengths of tested 

RESUMO
Objetivo: O objetivo deste estudo foi avaliar o efeito do 
selamento imediato da dentina, da técnica adesiva e do 
material restaurador na resistência de união à dentina de 
um compósito indireto (Solidex) e um bloco CAD / CAM 
de resina nanocerâmica (LAVA Ultimate).  Material e 
Métodos: Um total de 120 dentes molares humanos 
extraídos por razões periodontais foram desgastados 
horizontalmente e divididos em dois grupos de acordo 
com os procedimentos de selamento dentinário (vedação 
tardia da dentina [DDS] e vedação imediata da dentina 
[IDS]). Em seguida, todos os dentes foram conectados a 
um equipamento de pressão pulpar simulada. As amostras 
foram removidas do equipamento após uma semana. Os 
dentes foram subdivididos em três grupos, com base na 
técnica de união e no tipo de cimento utilizado (ataque 
ácido + Single Bond Universal + RelyX Ultimate, Single 
Bond Universal + RelyX Ultimate, RelyX Unicem). Cada 
subgrupo foi então dividido em 2 subgrupos de acordo 
com o tipo de material restaurador utilizado (Solidex [n 
= 10], material restaurador Lava Ultimate CAD / CAM [n 
= 10]). Sessenta amostras cilíndricas preparadas com os 
dois materiais restauradores foram coladas na superfície 
do dente de acordo com os procedimentos de adesão do 
grupo. Todas as amostras foram embebidas em resina 
acrílica quimicamente ativada para o teste de resistência 
ao cisalhamento. A resistência de união ao cisalhamento 
(SBS) das amostras foi determinada por uma máquina 
de teste universal com uma velocidade de 0,5 mm / min. 
Resultados: ANOVA de três fatores, teste t de amostra 
independente e testes de comparação post hoc de Tukey 
(α = 0,05) foram realizados em todos os dados. Houve 
diferenças significativas entre os grupos. Verificou-se que 
o processo IDS aumentou significativamente a força de 
união em todos os grupos. Quando as forças de união 
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INTRODUCTION

D irect and indirect resin composite 
restorations are widely used in 

contemporary dentistry to restore posterior 
teeth [1, 2]. Composites are limited for 
direct restoration of the larger stress-bearing 
posterior Class II cavities owing to their 
polymerization shrinkage effects and a few 
limitations in their mechanical properties 
[3]. Indirect restorations are indicated for 
large cavities, where the width of the isthmus 
exceeds two-thirds of the distance between 
the facial and lingual cusp tips [1,2,4]. 
Several factors need to be considered while 
applying indirect restorations, such as the 
restorative material, adhesive cementation to 
dentin/enamel, and the bonding procedures 
[5]. Recent developments in material science 
technology have considerably improved the 
physical properties of resin-based composite 
cements, thereby expanding their clinical 
applications. These can be divided into 
direct and indirect resin composites (IRC). 
IRC are also called prosthetic composites 
or laboratory composites [6]. These are 
polymerized using laboratory polymerization 
units. Indirect composites are cured outside 
the mouth; hence, they allow the use of high-
energy ultraviolet (UV) light for performing 
this extraoral polymerization procedure [7,8]. 

luting cements were compared, the highest bond 
strength values were recorded in groups in which the 
specimens were luted with RelyX Ultimate cement 
using etch-and-rinse technique. The lowest bond 
strength values were obtained from groups that used 
RelyX Unicem as the luting cement. Conclusion: 
IDS improves bond strength of indirect restorations. 
Moreover, bonding techniques may have critical 
effects on the dentin bond strength of indirect 
restorative materials. The cements’ specific affinity 
levels to both restorative materials and dentin could 
be considered as the reason of the situation.

da dentina dos cimentos testados foram comparadas, os 
valores mais altos de força de união foram registrados 
nos grupos em que as amostras foram cimentadas com 
cimento RelyX Ultimate usando a técnica “condicione e 
lave”. Os menores valores de resistência de união foram 
obtidos de grupos que usaram como cimento o RelyX 
Unicem. Conclusão: O IDS melhora a força de união 
das restaurações indiretas. Além disso, as técnicas de 
união podem ter efeitos críticos na resistência da união 
à dentina de materiais restauradores indiretos. Os níveis 
de afinidade específicos dos cimentos para materiais 
restauradores e dentina podem ser considerados o 
motivo da situação.
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nanoceramic; CAD/CAM.
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Achieving a proper interproximal contact and 
complete cure of the composite resins in the 
deepest regions of a cavity are the challenges 
related to direct composite restorations [6].

During the last decade, we have witnessed 
a dramatic increase in the use of computer-
aided design and manufacturing (CAD/
CAM) in dentistry; this increase was possibly 
triggered by spectacular advances in intra-oral 
imaging and manufacturing technologies, and 
by environmental concerns related to the by-
products of the classic manufacturing process 
of indirect dental restorations [9]. Ceramics 
and composite resins are the two main 
groups of CAD/CAM restorative materials 
[10]. Resin composite block materials offer 
significant advantages that are related to 
their manufacturability, machinability, and 
repeatability [9,11]. The manufacturing 
purpose of these new generation materials is 
to combine the advantages of ceramics and 
composites in the same material [12]. Among 
these materials, LAVA Ultimate (3M ESPE, St. 
Paul, MN, USA) is a resin nanoceramic (RNC) 
that is composed of nanoceramic particles 
embedded in a highly cross-linked resin matrix 
[13].

Conversely, bonding to the dentin is 
essential for the success of these materials. In 
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current clinical practice, there are three available 
resin cements in the market classified according 
to their adhesive characteristics. These are the 
etch-and-rinse resin cements––also called total-
etch cements, the self-etch resin cements, and 
the self-adhesive resin cements [14].

The etch-and-rinse adhesive strategy is 
a complex, multi-step technique; however, it 
provides a high bond strength. Self-etching 
systems involve the application of a self-
etching primer to the prepared tooth surfaces, 
and the mixed cement is applied over the 
primer. The newest resin cements are the self-
adhesive resin cements that require no etching, 
primers, or bonding agents for bonding to the 
tooth surface. These materials were designed 
to overcome the limitations of both traditional 
and resin-based cements and simplify the 
bonding procedures [14,15].

More recently, dentists have been able 
to use dentin adhesives according to their 
own judgment or tailored to a specific clinical 
situation. These new adhesives are known as 
“universal” adhesives, as they can be used as 
self-etch adhesives, etch-and-rinse adhesives, 
or with a selective enamel etching approach 
[16]. Universal adhesives have been realized 
to incorporate all possible techniques for the 
treatment of the dentin/enamel/restoration 
surface using a single product [16,17] and are 
used in combination with a resin cement [18].

Additionally, immediate dentin sealing 
(IDS) technique, in which the bonding agent 
is directly applied after tooth preparation, 
has been recommended for indirect bonded 
restorations. Sealing of dentinal tubules 
with a filled adhesive resin directly after 
tooth preparation and prior to obtaining an 
impression (digital or analogue) is presumed 
to result in an improved bond strength, less 
gap formation, decreased bacterial leakage, 
and reduced dentin sensitivity [19,20]. 
Currently, there is very limited data about 
bonding properties of the current CAD/CAM 
composites. It can be anticipated that IDS 
would support the bond strength of indirect 
restorations.

Therefore, the objective of this study 
was to compare the bond strength of different 
resin cements on an indirect composite and 

a resin nanoceramic CAD/CAM block with 
and without IDS application. The tested null 
hypotheses were twofold, which are as follows: 
(1) IDS application produces no difference in 
the bond strength of indirect restorations; (2) 
The type of resin cement systems with different 
restorative materials has a significant effect 
on the shear bond strength (SBS).

MATERIAL AND METHODS
The present study was approved by the 

Ethics Committee at Cumhuriyet University 
(Protocol No. 12/18, 24.12.2013). The SBS 
test was carried out following the guidelines 
of ISO/TS 11405:2003.

Tooth Preparation
In this study, 120 periodontally extracted, 

caries-free, human molar teeth were selected, 
which were cleaned for both calculus and soft 
tissues, and were stored in distilled water at 
4 °C for no longer than 1 week. Teeth were 
abraded occlusally for achieving mid-coronal 
dentin exposure with a 1.4 mm diamond bur 
(SF 11C, Fischer, Centreville, ABD) at 1.5 bar 
pressure under water spray coolant. The tooth 
crown was separated from the root by cutting 
at 1 mm below the cemento-enamel junction 
for accessing pulp chamber. Remaining pulp 
deposits were cleaned with a college tweezer. 
In order to attach the specimens to simulated 
pulpal pressure mechanism, the holes, which 
were 2 mm deep and 3 mm in diameter, 
were drilled at the base of each crown’s pulp 
chamber at the same speed and pressure.

The specimens were randomly divided 
into two groups according to the resin coating 
procedures (IDS and DDS). Each group was 
subdivided into three groups according to the 
bonding techniques and cement types used: 
RelyX Ultimate Clicker (3M ESPE, ABD) (Acid 
+Single Bond +RUL and SB+RUL groups) and 
RelyX Unicem (3M ESPE, ABD) (RUN groups). 
Further, each subgroup was divided into two 
subgroups based on the restorative materials: 
LAVA Ultimate CAD/CAM Restorative Blocks 
(3M ESPE, St Paul, MN, ABD) (LAVA groups) 
and Solidex (SHOFU INC, Kyoto, Japan) (SOL 
groups). Experimental groups varied according 
to the sequence and mode of applications as 
shown in Figure 1.
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Restoration Fabrication
Digital media drawings of cylindrical 

LAVA specimens with a diameter of 3 mm and 
a height of 3 mm were created using YenaDent 
Cam 4.0 software (PicaSoft SAS, Vierzon, 
France). Considering the dimensions of the 
blocks to be cut, it was decided to mill three 
samples per block. The precision attachment 
localization was designed to be one pair 
per specimen between the side walls of the 
cylindrical samples and the block in order to 
secure the bonding surface (Figure 2). The 
milling process was performed by Yenadent 
D40 CAD/CAM device (Yena Makine San. ve 
Tic. Ltd., Istanbul, Turkey). LAVA Ultimate 
blocks were fixed to the device in groups of 
three using the System 3R apparatus. Sixty 
cylindrical LAVA specimens were successfully 
machined from 20 blocks.

To obtain the same size and height 
of 60 samples, plastic molds were used in 
fabrication of Solidex IRC specimens. These 
molds were placed on a cement glass with a 
polyester strip tape on it. After the composite 
material was placed into the mold with a pitch 
applicator, another polyester strip and the 
cement glass were placed on the composite 
resin. Subsequently, all specimens were 
polymerized for 180 sec with a light wave 
spectrum of 400-550 nm in Solidilite V light-
curing unit (SHOFU INC, Kyoto, Japan).

Immediate Dentin Sealing (IDS) 
Procedure

For IDS groups, the procedure was 
completed in two steps, as follows: (1) freshly 
cut dentin surface was coated with the self-
etching adhesive, Clearfil SE Bond (Kuraray 
Medical, Tokyo, Japan); (2) next, a 1 mm 
thick layer of low-viscosity composite resin, 
Filtek Ultimate Flowable (3M ESPE, St Paul, 
MN, ABD), was applied according to the 
manufacturer’s instructions. For DDS groups, 
no coating was done and all teeth in both the 
groups were sealed with the temporary filling 
material, Diatemp (DiaDent, Buk-do, Korea) 
(Table I).

Figure 1 - Experimental groups.

Figure 2 - Screen shot of digital media drawing of cylindrical 
LAVA specimens. A: System 3R Apparatus B: LAVA Ultimate 
Block C: Precision Attachment D: Cylindrical Specimen.
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Table I - Materials used in the present study

Materials applied Type Manufacturer Composition

Lava Ultimate CAD/CAM 
Restorative Resin nano CAD-CAM block 3M  ESPE, St Paul, MN, ABD Silica nanomers (20 nm),  zirconium nanomers (4-11 nm),Silane coupling agent,  

Zirconia/Silica  nanoceramic particles (80 wt%), resin matrix (UDMA) (20 wt%)

Solidex          Indirect composite material SHOFU INC, Kyoto, Japan
Matrix: UDMA, HEMA, Bis-GMA EGDMA (%25) 

Filler Content: Inorganic ceramic, silicon dioxide and aluminum dioxide particles 
(%22)

RelyX Unicem Dual-polymerizing self-adhesive 
resin cement 3M  ESPE, St Paul, MN, ABD

Powder: Alkaline and silane fillers, starting components, pigments
Liquid: Phosphoric acid methacrylates, methacrylate monomers, starting com-

ponents, stabilizers
Application technique: clean tooth surface with pumice and water, air dry 2-3 

seconds to remove pooled water, mix cement 10 s, apply cement and polymerize 
20 s.   

RelyX Ultimate Clicker                

Adhesive resin cement 3M  ESPE, St Paul, MN, ABD

Base:  Methacrylate monomers, silanated fillers, initiators, stabilizers
Catalyst: Methacrylate monomers, alkaline fillers, pigments, rheological additives, 

Dual-cure activator
Application technique:   the base and catalyst were mixed equally onto the mixing 

paper for 10 s. Then the  mixture applied to samples and polymerize 20 s.

Scotchbond Etchant (Acid gel) 3M ESPE, St Paul, MN, ABD
37% phosphoric acid gel

Application technique: apply dentin surface for 15 s, rinse with air and water for 
15 s.

Single Bond Universal
(Universal adhesive) 3M ESPE, St Paul, MN, ABD

HEMA, Bis-GMA, dimethacrylate resin, methacrylate-modified polycarbosylic 
acid, copolymer, initiator, water, ethanol

Application technique: apply the dentin for 20s, gently air dry for 5s and polyme-
rize 20 s.

Clearfil SE Bond Two-step self-etching adhesive 
system Kuraray Medical, Tokyo, Japan

Primer: MDP, HEMA, hydrophilic dimethacrylate, 
DL-camphorquinone, N, N-Diethanol-p-toluidine, water

Bond: MDP, Bis-GMA, HEMA, hydrophobic dimethacrylate, camphorquinone, N, 
N-Diethanol-p-toluidine, silanated colloidal silica

Application technique:  the primer was applied for 20 s and air dry for 5 s. The 
adhesive was then applied and light  polymerized for 15 s.

Filtek Ultimate      Low-viscosity composite resin 3M ESPE, St Paul, MN, ABD
BisGMA, TEGDMA, procrylate resins, silica fillers

Application technique :applied onto the dentin for 1 mm thickness and polimeri-
sed for 40 s.

DiaTemp                      Temporary filling material DiaDent, Buk-do,  Korea
Polyurethane dimethacrylate, hydrophilic methacrylate, nano silica and silver, 

catalysts, stabilizer
Application technique: placed onto dentin and light cured for 40 s.

Simulated Pulpal Pressure (SPP) 
Mechanism

This mechanism was developed for the 
purpose of simulating in-vivo conditions on the 
dentin surface [21]. After applying the temporary 
filling material, the tip of a 10 cm long semi-
transparent silicone tube was inserted through 
the hole  created in each tooth’s pulp chamber 
and was fixed using modeling wax. Distilled water 
was added into the tubes with a dental injector. 
These 60 tubes were attached with each other by 
T-shaped pneumatic pipes (Yonggao Co., Zhejiang, 
China). Handmade “U” manometers were placed 

at the beginning and toward the end of the system 
for pressure control. A 1/8 NPT flow regulating 
valve (Pneumadyne Inc., North Plymouth, MN) 
was placed at the end of the system to adjust 
the level of air escape. Next, an aquarium pump 
(OF, Z-2000, Osaka, Japan) with two outlets 
was connected to generate 15 cm water pressure 
(Figure 3). Thus, each specimen was exposed to 
hydraulic pressure which delivered 15 cm water 
pressure. This procedure was repeated twice and a 
total of 120 teeth were exposed to distilled water 
under 15 cm water pressure for 7 days.
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Cementation Protocols
The teeth were separated from SPP 

mechanism at the end of 7 days. After temporary 
filling materials were removed, the teeth in each 
group were fixed to silicone impression material 
for the ease of application. Subsequently, the LAVA 
and Solidex specimens were luted onto each tooth 
using two different cement types (RUL and RUN) 
according to the manufacturer’s instructions (Table 
1). The bases of the cylindrical specimens were 
cemented to the dentin approximately 2 mm away 
from the dentino-enamel junction, perpendicular 
to the long axes of the teeth and parallel to the 
occlusal surfaces. In RUL cementation protocol, SB 
Universal (3M ESPE, ABD) was used as a bonding 
agent and applied using both self-etch and etch-
and-rinse techniques. Bonding systems and luting 
cements were polymerized by an LED light source, 
VALO Cordless (Ultradent Products, South Jordan, 
UT, USA) with a light intensity of 395-480 nm.

Load Testing
Each tooth was fixed with an 

autopolymerizing acrylic resin (Imıcryl, Konya, 
Turkey) with the long axis perpendicular to the 
base of copper molds with a diameter of 15 mm 
and a height of 20 mm and subjected to vertical 
load to fracture using universal testing machine (LF 
Plus, LLOYD Instruments, Ametek Inc., Leicester, 
UK). The force was applied in a direction parallel 
to the occlusal surface with a blunt shear-tip that 
was bound to the moving part of the device. Bond 
strength was determined in shear mode at the 
crosshead speed of 0.5 mm/min and the maximum 
load of 50 kgf until fracture. The maximum force 
at break point was recorded in MPa with Nexygen 
software (LLOYD Instruments, UK).

Bond strength values were submitted 
to three-way analysis of variance (ANOVA) 
considering the factors dentin sealing, bonding 
technique and restorative material (2X3X2).

SEM Evaluation
In order to examine the interface 

morphology, the samples––prepared according 
to the cementation protocols––were cut from the 
occlusal surfaces equally and perpendicularly, 
using Isomet cutting device (Buehler Ltd, Lake 
Bluff, IL, USA).. The dentin surfaces of the 
specimens were then abraded with LaboPol 
polishing device (Struers, Ballerup, Denmark) for 
15 sec. Next, DiaPro diamond suspension (Struers, 
Ballerup, Denmark) was applied and the surfaces 
were polished for 1 minute. The abrasion and 
polishing times for all samples were kept constant 
to ensure standardization.

Statistical Analysis
Three-way ANOVA, independent-sample t 

test and post hoc Tukey comparison tests (α = 0.05) 
were performed to determine the effect of IDS on 
dentin bond strength of an indirect composite and 
a resin nanoceramic CAD/CAM block luted with 
three different cementation protocols.

RESULTS
SBS
Table II shows the general group comparison 

for the mean SBS values (MPa) and standard 
deviations (SD) of IDS and DDS groups, regardless 
of the cement type and the restorative material 
used. Independent-sample t test revealed that IDS 
had significantly higher SBS values than DDS (p 
= 0.001).

Figure 3 - The image of the pulpal pressure test assembly while operating. A: Aquarium pump B: Handmade “U” manometer C: 1/8 
NPT flow regulating valve D: Specimen.
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Table III - Dentin Bond Strength Values in MPA (SD) for different 
dentin conditions (IDS and DDS) and different cementation 
protocols for luting two restorative materials

Same letters in lowercase indicate no statistical difference on 
lines, and in uppercase indicate no statistical difference on 
columns (p > 0.05)

IDS DDS

Bonding 
Technique

Restorative Material Bonding 
Technique

Restorative Material

LAVA SOL LAVA SOL

A+SB+RUL 17,79 (3,35)aA 22,00 (3,76)bA A+SB+RUL 13,90 (2,51)aA 20,04 (4,39)bA

SB+RUL 15,36 (3,13)aA 22,44 (3,82)bA SB+RUL 14,11 (2,05)aA 17,63 (4,27)bA

RUN 19,74 (4,90)aB 14,08 (2,52)bB RUN 13,43 (3,87)aB 10,22 (3,06)bB

SEM

Figure 4 shows representative SEMs for the 
resin-dentin interface morphologies observed for 
different tested groups.

For groups restored using RUL with IDS, 
both images show the polymerized flowable 
composite material on a smooth adhesive layer 
(Figures 4A, 4B). No hybrid layer formation 
was observed. However, when DDS was applied 
with etch-and-rinse technique, a uniform and 

Figure 4 -  Representative SEMs of specimens luted with etch 
and rinse cement RelyX Ultimate (A,B,C,D): IDS. (A and B): 
DDS. (C and D) and the self adhesive cement RelyX Unicem 
(E,F): IDS. (E): DDS. (F). B: Adhesive layer, D: Dentin, F: Flowable 
composite, L: LAVA Ultimate, HL: Hybrid layer. The arrow 
indicates the gap between the restorative material and cement.

Table III shows the mean and SD of SBS for 
each of the subgroups. According to three-way 
ANOVA and Tukey test results, bond strength 
was significantly influenced by the factors 
dentin sealing (F = 31,88; p = 0,001), bonding 
technique (F = 13,99; p = 0,001) and restorative 
material (F = 9,73; p = 0,002).The subgroups 
in which RUL+SOL were used revealed 
significantly higher SBS values than those that 
used RUL+LAVA. The opposite occurred for RUN 
subgroups. The subgroup that used RUN+LAVA 
demonstrated significantly higher SBS values 
than that using RUN+SOL (p<0.05). 

Table II - Mean SBS values and Standard deviation of IDS and 
DDS groups

Groups N Mean Value SD Result

IDS 60 18,57 ± 4,72 t=4,32

DDS 60 14,89 ± 4,60 p=0,001

regular hybrid layer was observed (Figure 4C). 
The fracture at the interface of the cement and 
the restorative material, which possibly occurred 
during the cutting process, is indicated by an 
arrow (Figure 4D).

For the self-adhesive resin cement RUN, 
irrespective of whether the IDS was performed, 
it was observed that the resin cement had very 
limited ability to demineralize the dentin surface 
and consequently, the interaction of the cement 
with the dentin tissue was weak. No hybrid layer 
formation was observed (Figure 4E, 4F).
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DISCUSSION
The conventional way of bonding indirect 

restorations to dentin by using resin cement 
has been called “Delayed Dentin Sealing.” This 
procedure depends on late dentinal cementation 
after a temporary restorative period. However, this 
method does not provide the optimum conditions 
for bonding and dentin contamination causes 
decreased bond strength between the restorations 
and dentin substrate [22,23]. To obtain ideal 
cementation efficiency, various techniques 
have been developed by the researchers. The 
idea of bonding dentin layer right after the 
preparation and prior to taking the impression, 
the so called “Immediate Dentin Sealing” [20, 
24, 25] provides significant advantages. IDS 
can result in significantly increased retention 
when combined with glass-ionomer or resin-
modified cements [26]. It also reduces marginal 
leakage, postoperative sensitivity, and bacterial 
contamination through sealing of freshly cut 
dentinal tubules during the provisional phase 
[20,27,28]. Duarte et al reported that MOD 
inlay cavities with IDS application demonstrated 
significantly higher bonding strength than 
those with DDS application [29]. Choi et al also 
reported that the IDS recorded higher values 
on SBS than the DDS with regard to porcelain 
restorations [30].

This study followed the IDS bonding 
procedure as suggested by Magne et al. [25] and 
Duarte et al. [31]. These studies demonstrated 
that IDS using a self-etch primer adhesive system 
combined with a low-viscosity composite liner 
may provide a better sealing of the dentinal 
tubules. Furthermore, these studies reported 
that the low-viscosity composite layer helps in 
protecting the underlying hybrid layer [20]. Same 
has been followed in this study after applying 
Clearfil SE Bond followed by the application of 
Filtek Ultimate Flowable.

In our study, all IDS groups showed 
significantly higher bonding strength values 
compared to those of the DDS groups. Thus, the 
first null hypothesis–– that IDS application does 
not cause any difference in the bond strength 

of indirect restorations–– was rejected. In the 
literature, there are at least three rational reasons 
confirming the effectiveness of IDS on dentin 
bond strength. Firstly, freshly cut dentin is the 
ideal substrate for dentin bonding [20]. Various 
provisional cements had been used for patient’s 
functional and esthetic needs. However, this 
procedure may lead to significant reduction in 
the bond strength owing to dentin contamination 
[22, 32, 33]. Secondly, the improved bond 
strength values of IDS could be explained 
by the prepolymerization of dentin bonding 
agents (DBAs). Dietschi et al.and McCabe et al 
reported that higher bond strength values were 
obtained in groups in which the infiltrating resin 
and the adhesive layer were polymerized first 
when compared to group in which DBA and the 
overlying composite were polymerized together 
[34,35]. These results could be explained by 
the collapse of the unpolymerized dentin–resin 
hybrid layer caused due to pressure exertion 
during composite placement or seating of the 
restoration [36]. Thirdly, IDS allows stress-
free dentin bond development. Dentin bond 
strength develops progressively over time. Reis 
et al reported significant increase in the bond 
strength over a period of 1 week [37]. The 
above-mentioned reasons may be responsible for 
increased bonding durability achieved with IDS.

Another factor that may have contributed 
to a higher bond strength could be the DBA used 
during the IDS procedure. Clearfil SE Bond’s 
demineralization depth is only about 1 µm. This 
level of demineralization ensures ideal dentin 
porosity for micromechanical adhesion and 
leaves hydroxyapatites on resin-dentin interface 
which are responsible for chemical bonding 
[38]. Additionally, Clearfil SE Bond’s higher filler 
content among several adhesive systems may 
decrease polymerization shrinkage and generate 
more effective bonding [39].

Therefore, the application of a low-
viscosity flowable composite on the adhesive 
layer may reduce gap formation at the dentin–
resin interface, thereby improving bond strength 
[40,41]. Andrade et al evaluated the bond 
strength and marginal adaptation of indirect 
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restorations luted with the resin cement using 
three different dentin sealing techniques: (1) 
Conventional technique (one layer of adhesive) as 
group 1, (2) Dual bonding technique (two layers 
of adhesive) as group 2, and (3) Resin Coating 
Technique (adhesive + low-viscosity resin) as 
group 3 [27]. However, no significant differences 
were reported between the bond strengths of 
groups 2 and 3. Rocha et al evaluated the cuspal 
deflection of MOD cavities restored directly and 
indirectly with a nanoparticulate composite. 
They used glass-ionomer cement (GIC) and a 
flowable composite resin as the base materials. 
They obtained higher microstrain values in GIC 
groups; however, no differences were observed 
among the base materials studied [42].

Conversely, this study also compared the 
shear bonding performance of two resin-based 
luting cements in the presence of SPP. For this 
purpose, a conventional resin-based cement 
combined with a DBA RelyX Ultimate and a 
self-adhesive resin cement RelyX Unicem were 
tested. These cements were used for luting 
two restorative materials to the dentin: LAVA 
Ultimate (Resin-Based Nanoceramic [RNC]) and 
Solidex (IRC).

Dentinal adhesion is more complex 
because of its porous structure, wettability, 
and hydroxyapatite compositions in a collagen 
protein matrix. The micromechanical adhesion is 
the basic principle for bonding adhesive systems 
to dentin. Thus, the bonding effectiveness of the 
conventional resin cements were related with 
the hybridization quality generated by the DBAs 
applied to dentin surface [43]. In our experiment, 
SB was selected as a DBA to combine with RUL 
and tested for both the bonding protocols: etch-
and-rinse and self-etch. Our data indicated that 
acid-etched groups showed higher SBS than 
self-etched groups. However, there were no 
statistically significant differences between these 
groups (p>0,005). Say et al reported results that 
are similar to the results of our investigation; 
however, unlike our findings, significantly higher 
values were achieved for etch-and-rinse technique 
regardless of the adhesive system used [44].

When the SEM photomicrographs were 
observed, the specimen bonded without acid 
etching revealed neither the hybrid layer nor the 
resin tags at dentin–resin interface. However, the 
specimen bonded with etch-and-rinse technique 
showed a uniform hybrid layer (Figure 4C). 
This finding is similar to the data generated by 
Monticelli et al and could explain improved bond 
strength values of acid-etched groups [45].

In the present study, significantly lower 
bond strength values were obtained from groups 
IDS+RUN+SOL and DDS+RUN+SOL. Many 
researchers have demonstrated similar findings 
[46-48]. The low bond strengths recorded for 
the self-adhesive cements are probably due to 
the cements’ limited ability to remove the smear 
layer, which resulted in the formation of a weak 
hybrid layer between the resin cement and 
the dentin [45, 49]. Additionally, the bonding 
performance of self-adhesive cements could be 
related to their chemical interactions between 
the dentin hydroxyapatites [50, 51]. Han et al 
reported variable pH values for RUN immediately 
and 48 hours after polymerization [52]. Although 
an initial low pH is critical for the etching of 
dentin, if a low pH is observed for a long time, 
it may adversely affect the bonding of the mixed 
cements to dentin [52,53].

The results of the current study demonstrated 
that resin-based materials luted to dentin with 
RUL had the highest SBS. It could be correlated to 
chemical content of SB Universal adhesive system. 
It contains 10_methacryloyloxydecyl dihydrogen 
phosphate (MDP) monomer and it was thought 
to be responsible for a durable adhesion to dentin 
[54]. Nevertheless, RUL also contains MDP in its 
composition and a previous study indicated that 
cements containing adhesive monomers have 
higher bond strengths when compared with 
other compositions [55]. This finding is in line 
with another previous study which demonstrated 
that ceramic core materials luted to dentin with 
RUL cement had the highest SBS [56].

It should be considered that the SBS was 
related with two interfaces (dentin–resin cement 
and resin cement–restorative material). Based 
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on our data, the SBS values of the subgroups 
A+SB+RUL+SOL and SB+RUL+SOL were 
found to be significantly higher than those 
of the subgroups A+SB+RUL+LAVA and 
SB+RUL+LAVA, in both IDS and DDS groups. 
However, the opposite of this situation was 
observed for RUN+SOL and RUN+LAVA 
subgroups. Thus, the second null hypothesis was 
accepted. This result could be associated with 
the amount of filler content of the restorative 
materials. The LAVA Ultimate resin contains 80% 
nanoceramic by mass, whereas the inorganic 
ceramic ratio of SOL is only 39% [57]. Miyazaki 
et al demonstrated that the dentin bond strength 
of light-cured composites is directly proportional 
to their filler content, and found that the bond 
strength improves with increase in the filler 
content [58]. These findings may explain the 
significantly higher dentin bond strength for 
groups IDS+RUN+LAVA and DDS+RUN+LAVA. 
Conversely, Dalby et al mentioned that IDS 
application might have provided better adhesion 
when combined with RUN and they obtained 
the SBS test results of 6.94–10.03 Mpa using 
different DBAs [59]. However, this does not 
correlate with our findings. In our study, the 
results were between 10.22 to 19.74 Mpa. The 
reason for this discrepancy may be related to the 
specimen dimensions and geometry.

The longevity of IRCs relies mainly on 
the bonding system to provide an efficient and 
durable bond between the restorative material 
and the dentin substrate [60]. The IDS technique 
has been proposed to achieve this goal in 
the current study. Based on our findings, the 
selection of cement type and restorative material 
is also crucial for obtaining a high bond strength. 
However, it is also important to understand 
the mechanical behavior of IRCs to achieve 
long-lasting restorations. The literature shows 
that indirect resins with high elastic modulus 
concentrate stress in the restoration, generating 
less strain at the cusps and protecting the tooth 
[61].

The limitation of this study is that it is 
not possible to simulate the variable pH values, 
biomechanical conditions, and chemical changes 

in oral cavity. These factors are important for 
simulating the clinical scenario and should be 
investigated further in future in vitro studies.

CONCLUSIONS
Within the limitations of this in vitro 

experiment, we concluded the following:

1. The IDS process significantly increased 
the dentin bond strength. This result showed 
that the exposed dentin surface should be coated 
with IDS technique in order to make long-lasting 
indirect restorations;

2. In indirect restorations using Solidex as 
an IRC, RelyX Ultimate can be used for luting to 
achieve optimum bond strength. Nonetheless, 
RelyX Unicem may be preferred as a luting 
cement for CAD/CAM restorations fabricated 
with LAVA Ultimate resin.
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