
INTRODUCTION
The search for ideal restorative material to fulfill both esthetics and 
strength was going on for several years. So many restorative 
materials of both metallic and tooth colored have come into the 
existence. At the end of twentieth century vast development in all-
ceramic dental restorations have taken place because of increased 

[1]popularity of all-ceramic materials . Dental ceramics are attractive 
dental restorations, because of their biocompatibility, long term 
color stability, wear-resistance, and their ability to be formed into 

[2]desired shapes .

The cementation process is crucial for the clinical success of all-
ceramic restorations. The bond of the resin luting agent to the tooth 
structure is enhanced by acid etching the tooth structure followed 
by the use of a dental bonding agents(Enamel and Dentin bonding 

[3]agents) . The applications of dual-polymerizing resin cements for 
all-ceramic restorations have considerably increased due to the 
ability of these cements to develop better bonding to the tooth and 
restoration.

Several studies have been performed on the bond strengths 
[4, 5, 6]between adhesive cement and the hard tissues of the tooth .  

But, the bond strength between various commercially available 
cementing agents in combination with an adhesive and the hard 
tissue of the tooth has been addressed by only a handful of authors.

So in this in vitro study an attempt was made to compare and 
evaluate shear bond strength of four commercially available resin 
cements in combination with an adhesive and the prepared natural 
tooth surface.

THE NULL / WORKING HYPOTHESIS: (1) Differences exist in long-
term durability to human dentin between the cementing agents with 
their respective bonding system.

(2) Simplifying the application procedures of the corresponding 
adhesives following three step total-etch, two step total-etch, one-
step self-etch, or no use of adhesives, affect the effectiveness of the 
bond to human dentin.

MATERIAL AND METHODS:
This in vitro study was conducted to evaluate and compare the 

shear bond strength of different luting resin cements, which are 
commercially available with the tooth structure. 

The resin cements which are used in this study are having different 
bonding mechanisms as specified by the manufacturers. This study 
was conducted keeping this in mind. The materials used for studies 
are as follows.

RESIN CEMENTS 

ABSTRACT

Aim and objectives: The aim of this in vitro study was to compare 
the Shear bond strength of four commercially available Resin 
Cements with their respective bonding system to human teeth.

Materials And Method: Freshly extracted, non-carious 
permanent human incisors, canines and molars that were not 
endodontically treated were selected. The buccal/labial surfaces 
of teeth were ground to make it parallel to the long axis of the tooth 
and they were embedded into acrylic blocks. The laminates were 
fabricated then finished and polished. Total 24 teeth samples 
were randomly divided into four groups. Each group comprises 3 
anterior teeth and 3 posterior teeth. When the laminates are 
ready, the cementation is done according to the respective 
manufactures instructions. Universal testing machine with the 

Monobevelled chisel placed as close as possible to the junction 
between the laminate and the tooth was used for the testing with 
cross head speed of 1mm/min and load when fractures occurred 
is noted.

Results: For Anterior teeth sample Calibra shows the highest 
mean load value of 464.33 N and SeT PP shows the lowest value 
of 288.00 N. For Posterior teeth sample, Rely X shows the highest 
value of 272.97 N while SeT PP shows the lowest load value of 
154.33 N. Among all the cements SeT PP shows the lowest load 
values.

Conclusion: From the Statistical data, the results shows that 
bond strength of resin based self-adhesive cement namely SeT 
PP was weaker than conventional resin cements Calibra and 
Variolink N.
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BisGMA: bisphenol-A diglycidyl ether dimethacrylate; EBPADM: ethoxylated bis -phenol-A-

dimethacrylate;  TEGDMA: triethylene glycol dimethacrylate; UDMA: 7,7,9 -trimethyl-4,13-

dioxo-3,14-dioxa-5,12-diazahexadecane-1,16-dimethacrylate; YbF3: ytterbium trifluoride;



BONDING AGENTS

SILANE COUPLING AGENTS

CERAMIC ETCHANT

METHODOLOGY: 

Models for testing of shear bond strength for these resin cements 

were fabricated using following protocol.

1. Tooth Preparation

2. Laminate Fabrication

3. Cementation of Veneers to the tooth

4. Experimental design- Randomized four groups of twelve 

teeth comprising Six Anterior and Six Posterior teeth.

a. Group I      Rely X
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b. Group II     Variolink N

c. Group III    Calibra

d. Group IV     SeT PP

5. Measurement of Shear Bond Strength by Universal 

Testing Machine (UTM)

6. Statistical Evaluation

1. Tooth Preparation

Freshly extracted, non-carious permanent human incisors, canines 

and molars that were not endodontically treated were selected for 

this study. Calculus and residual periodontal tissue were removed 

using a surgical knife, scaler, and curette. All teeth were stored in 

0.1% thymol solution at room temperature immediately after 

extraction. The buccal/labial surfaces of teeth were ground to make 

it parallel to the long axis of the tooth.

After that each tooth was placed in to a silicone mold 

(2cm*2cm*2cm) and embedded in auto-polymerizing 

Methylmethacrylate resin (DPI, Mumbai, India). After hardening the 

resin in a pressure pot for 10 min, the specimens were wet-ground 

sequentially to 600-grit using SiC sandpaper, to obtain a flat surface 

in superficial dentin. The tooth surfaces were kept moist throughout 

the procedure of specimen preparation.

2. Laminate Fabrication

Once the tooth has been prepared Silicone separating media is 

applied on the surface. Then Wax pattern is fabricated with occlusal 

wax on individual tooth samples so as to closely adapt to the tooth 

surface with uniform thickness of 1.0 mm.

The fabricated Wax pattern is kept in water for 10 minutes in order to 

relieve the residual stress.  Then the Wax pattern is sprued and 

invested by phosphate bonded investment using auto mixer 

machine. The investment is allowed to set for 45 minutes before 

keeping in for burn-out procedure. The Wax burn out is done at 

temperature around 930 degree centigrade. All individual laminates 

were fabricated by E max press able ceramics.

The laminates were then finished and polished according to 

manufacturer's instructions.

3. ementation of veneers to the tooth samples

When the laminates are ready, the cementation is done according to 

the manufactures instructions. Before the cementation procedures, 

the tooth samples are cleaned with pumice flour with the polishing 

cup with the help of contra angle hand piece in order to remove 

debris, smear layer etc. All the tooth surfaces are etched with 37% 

phosphoric acid gel and all the laminates are etched with 

Hydrofluoric acid gel.

4. Experimental design

Total of 24 teeth samples were taken for the study comprising of 12 

Anterior teeth (Incisors and Canines) and 12 Posterior teeth (Molar) 

(FIG.5).Total 24 teeth samples were randomly divided into four 

groups. Each group comprises 6 anterior teeth and 6 posterior 

teeth. The four groups are of the following.

Group I: LUTED WITH RELYX (FIG.6)

A1- A2- A3

P1-P2-P3

Group II LUTED WITH VARIOLINK N (FIG.7)
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P4-P5-P6

Group III LUTED WITH CALIBRA (FIG.8)
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HEMA: 2 -hydroxyethylmethacrylate; DMA: aliphati c dimethacrylate; 
PENTA: dipentaerythritol  pentacrylate/phosphoric acid monomer;

Name  Manufacturer  Batch no  Composition

Monobond-S
 

Ivoclar Vivadent,
 

Schaan,

 Liechtenstein

  

N01595
 

Alcoholic solution of 
silane methacrylate

Calibra

 

Dentsply caulk,
Milford, DE 19963, 
USA

 

100122

 

Ethyl Alcohol,
Acetone,

Benzene

 

 Name of the 
Etchant

 

Manufacturer  Batch number  Composition  

IPS Ceramic
etching  gel

Ivoclar Vivadent,

 Schaan,

 
Liechtenstein

 

N39215

 
<5% hydrofluoric
acid  

 

26



Bhavnagar University's Journal of Dentistry 2015;5(3) : 25-31

Javiya et alwww.bujod.in

P7-P8-P9

Group IV LUTED WITH SET PP (FIG.9)

A10-A11-A12

P10-P11-P12

5. Measurement of shear bond failure loading by universal 

testing machine.

After storage in distilled water at 37 degree centigrade for 24 hours, 

the Luted teeth are then thermally cycles around 5000 times 

between 5 degree and 55 degree centigrade (20 seconds dwelling 

time).

A Lloyd Universal testing machine (J.J Lloyd instruments Ltd, 

Warsash, UK) with the Monobevelled chisel placed as close as 

possible to the junction between the laminate and the tooth was 

used for the testing. A cross head speed of 1.0 mm/min was used 

and maximum load recorded in newton (N) when fractured for each 

specimen.

6. Statistical evaluation

Statistical analysis of the Maximum load recorded was done with the 

use of Software (SPSS 15.0). Mean of all the cement group were 

analyzed using one way ANOVA test with maximum load as the 

dependent variable and the type of Resin cements as independent 

variable. Unpaired T-Test was also done with p<0.05 to indicate 

significance.

RESULTS

Table I shows the maximum load recorded in Newton (N) when 

fractured for each sample.

Table II shows Mean and Standard deviation of teeth samples with P 

values of Anterior and Posterior teeth sample group for each 

Cement type. For Anterior teeth sample Calibra shows the highest 

mean load value of 464.33 and SeT PP shows the lowest value of 

288.00. For Posterior teeth sample, Rely X shows the highest value 

of 272.97 while SeT PP shows the lowest load value of 154.33. 

Among all the cements SeT PP shows the lowest load values.

Table III Shows One Way ANOVA Test for Anterior teeth sample. The 

table denotes Significance value of 0.295 which shows 

insignificance of load value among all the cements at 5% of 

confidence level (p<0.05)

Table IV Shows One Way ANOVA Test for Posterior teeth sample. 

The table denotes Significance value of 0.181 which shows 

insignificance of load value among all the cements at 5% of 

confidence level (p<0.05).

FIGURES

FIG-1

FIG-2

FIG-3

FIG-4

FIG-5
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FIG-6

FIG-7

FIG-8

FIG-9
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DISCUSSION:

Dental ceramics are appreciated as highly esthetic restorative 

materials with optimal esthetic properties that better simulate the 
[7]appearance of natural dentition .

The ceramo-metal restoration, which combines the strength of 

metal with the esthetics of ceramic, improved the success of dental 
[8, 9]ceramics . The ceramo-metal restorations enjoy wide clinical use; 

however, the metal core can reduce the translucency of the 

restoration. With development of high alumina and zirconia which 

can be used as core material, metal-free all-ceramic restorations 

has got popularity as there will not be compromise with 
[10]translucency like ceramo-metal restorations .

The cementation process is very important for the clinical success 
[7]of all-ceramic restorations . Resin luting cements are used for 

[11]luting of ceramic crowns to assure high bond strengths , and their 

translucency and minimal film thickness provide optimum esthetics 
[12]and enhance the clinical survival rate of all-ceramic restorations .

Even with the application of automated ways of production, the 
[13]cement can be the 'Achilles heel' of an all-ceramic restoration . For 

brittle materials, as ceramics are, the integrity and longevity of the 

tooth–cement–ceramic interface is the main importance for the risk 

of fracture of the restoration. 
[14]Yen TW et al (1993)  reported that etching with acid tends to 

remove surface cracks and round off the bottoms of cracks, thereby 

reducing stress concentration and increasing the overall strength. 
[15]Kamada et al (1998)  reported that silane coupling agent with or 

without phosphoric acid –etching improves shear bond between 
[16]ceramic and four luting agents. Madani et al (2000)  reported that 

an increased concentration of hydrofluoric acid form 5% to 9.5% 

results in decreased shear bond strength values.

In present study, four commercially available dual cure resin 

cements were selected namely Rely X U100, Calibra, Variolink N 

and SeT PP. These four resin cements are having different types of 

surface treatment for bonding.

 Rely X U100 is self-adhesive resin cement whereas SeT PP is self-

etching, self-adhesive resin cement. Variolink N and Calibra have 

separate steps for etching, silanization and adhesive application.

The purpose of selecting the four cements, of which two cements 

with multistep applications and two other with single step 

application is to evaluate and compare the significant differences in 

the shear bond strength based on their bonding mechanism. The 

multistep application with etching and rinse as compared to self-

etching cement is time consuming and when used clinically there is 

chance of saliva or moisture contamination.

The four luting cements tested in this study were dual cure cements; 

all have been used extensively to bond ceramic restorations to 

enamel and dentin surfaces. Dual cure cement is a two-paste 

system that provides both light-curing and chemical-curing 

capabilities. The main advantage of this type of cement is the 

control of working and setting times. 

Cementing a veneer facing can be time-consuming because the 

shade needs to be matched, and excessive cement is easier to 

remove before setting. The dual-cure cement gives plenty of 

working time because it will not set before being light cured, which 

can be controlled by the operator. These types of cements are very 

much useful in cementing the ceramic laminates. Even though the 

facing is cemented permanently, it can still be removed if necessary, 

because the cement will reach the maximum bonding strength after 
[17]24 hours later . During fabrication of the veneer facings, 

sometimes opaque is added to mask the heavy stain that comes 

from tetracycline or fluorosis, or sometimes the thickness is 

increased to improve contouring of the teeth. In this situation, light 

cure is less effective, and the chemical-cure component is more 

important to ensure that the cement is completely cured. This is 

another advantage of using dual-cure cement with veneer facings.
[3, 18, 19, 20, 21]A previous studies  on the shear bond strength comparison 

was done on posterior teeth because they provided necessary 

bonding area. In this proposed study, an attempt was made to study 

the shear bond strength on anterior teeth (incisor and canine tooth) 

and as well as posterior teeth (molar tooth). The ideology of 

including is that in clinical scenario, laminates are most frequently 

indicated for anterior teeth.

The occlusal forces applied to a restoration are complex and made 
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TABLES

Table I maximum load recorded in Newton (N)

 

 

 

Tooth  
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Mean  SD  Mean  SD  

  

 
318.00  181.25  272.97  101.38  0.726

 Variolink N  
322.67  132.19  267.97  45.36  0.535

Cements

Rely X

Note: ** Denotes significance at 1% level

           * Denotes significance at 5% level

Table III ANOVA for anterior teeth samples 

Maximum Load in Newton (N)

 
Sum of 
Squares  df  Mean Square   Sig.  

Between Groups  56024.917  3  18674.972  1.466  .295  

Within Groups  101893.333  8  12736.667    

Total  157918.250  11     

F

Table IV ANOVA for posterior teeth sample 

Maximum Load in Newton (N)

 
Sum of 
Squares  df  Mean Square  F  Sig.  

Between Groups  30748.687  3  10249.562  2.081  .181  

Within Groups  39410.320  8  4926.290    

Total  70159.007  11     
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up of a combination of forces such as shear, tension, compression, 
[15, 19, 22]and flexure . Accordingly, it is observed that no single test can 

satisfactorily predict the intraoral behavior of an adhesive system. 

The tests most widely used to examine the bond strength of 
[17, 23]composite resin to dentin are shear and tensile tests . Both can 

be measured by Universal testing machine. 

In this study, A Lloyd Universal testing machine (J.J Lloyd 

instruments Ltd, Warsash, UK) with the Monobevelled chisel placed 

as close as possible to the junction between the laminate and the 

tooth was used for the testing at the cross head speed of 1mm/min.

In this study, Shear test was used for the following reasons. First, 

shear strength values are higher than those obtained by the tensile 

test and compression. Second, shear stress is considered to be 

more often representative of the clinical situation. The ideology of 

using distilled water instead of artificial saliva for storage of 

prepared tooth is to simulate the effect of moisture on the resin 

cements; not the effect of other ions present in artificial saliva.
[24] [25]According to Arcoria CJ et al (1990)  and Ferrari M, et al (2002) , 

thermocycling is the only in vitro test for simulating thermal stress in 

teeth. So in this study  the luted teeth are then thermally cycles 

around 5000 times between 5 degree and 55 degree centigrade (20 

seconds dwelling time) so as to simulate intra oral condition in 

laboratory.

The Statistical data was analyzed by using statistical software SPSS 

15.0 for the four resin cements. Mean and Standard deviation of 

Anterior and Posterior teeth sample group for each Cement type 

was done as shown in Table II.

From the Statistical data, the results shows that bond strength of 

resin based self-adhesive cement namely SeT PP was weaker than 

conventional resin cements Calibra and Variolink N.

 One Way ANOVA Test for Anterior teeth sample denotes 

Significance value of 0.295 which shows insignificance of load value 

among all the cements at 5% of confidence level (p<0.05) [Table III].

One Way ANOVA Test for Posterior teeth sample denotes 

Significance value of 0.181 which shows insignificance of load value 

among all the cements at 5% of confidence level (p<0.05) [Table 

IV].

Due to high standard deviation for Rely X and Variolink N, the result 

shows no significant differences among the all cements for 

maximum load failure.

 Unpaired T- Test was done for intra-group comparison for Anterior 

and Posterior teeth samples. The test shows insignificance level for 

Rely X and Variolink N at p-value of 0.726 and of 0.535 at 5% of 

confidence level (p<0.05). 

The test shows Significance level for Calibra  and SeT PP at p-value 

of 0.001 and of 0.031which  shows significance of load value 

among all the anterior and posterior teeth sample at 5% of 

confidence level (p<0.05).

Because of greater standard deviation for Variolink, there is 

insignificant difference between Variolink and Calibra cements so 

our first null hypothesis that differences exist in long-term durability 

to human dentin between the cementing agents with their 

respective bonding system got rejected.

Due to limited penetration of self-etch, self-adhesive resin cement 

[26], showed lower bond strength values for anterior and posterior 

teeth samples as compared to other cements; this makes second 

null hypothesis accepted. 

The efficacy of this study needs to be done in larger scale to 

enhance the results for application in Clinical condition including the 

metal free complete veneer crowns.

Within the limitation of this study following conclusions was made: 

(1) There is no significance differences exist in long-term durability 

to human dentin between the cementing agents with their 

respective bonding system.

(2) Simplifying the application procedures of the corresponding 

adhesives following three step total-etch, two step total-etch, one-

step self-etch, or no use of adhesives, affect the effectiveness of the 

bond to human dentin.
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