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ABSTRACT 

 

Background: Dental caries is one of the most prevalent causes leading to pulpitis and 

pulp necrosis. American Academy of Pediatric Dentistry has recommended vital pulp 

therapy procedures in cases with reversible pulpal inflammation. Success of the vital 

pulp therapy depends on the adequate bond between the pulp capping biomaterial with 

restorative material. 

 

Aims and Objectives: To evaluate the shear bond strength of mineral trioxide 

aggregate and biodentine with zirconia reinforced glass ionomer cement and 

conventional glass ionomer cement and to analyse the mode of failure under a 

stereomicroscope. 

 

Significance of the study: Mineral trioxide aggregate (MTA) and Biodentine have 

great importance as pulp capping agents. There is no previous study comparing the 

bond strength of MTA and Biodentine with Zirconia reinforced Glass Ionomer 

Cement. 

 

Materials and methods: 80 acrylic samples were created with a central indentation 

and were filled with pulp capping materials Biodentine and MTA. Restorative 

material buildup (Zirconomer/Type IX GIC) was done above the capping materials 

and the samples were subjected to Shear bond strength testing following which the 

debonded samples were analysed for the mode of failure under a stereomicroscope. 



 

XI 
 

Results: On shear bond strength analysis the highest mean shear bond strength value 

was recorded for Group 1 followed by Group 4 and Group 3. The lowest bond 

strength was observed in group 2. In stereomicroscopic analysis majority of fractures 

observed were adhesive in nature followed by mixed and the least observed were 

cohesive fractures. 

 

Conclusion: In the present study, Biodentine showed a better shear bond strength with 

Type IX GIC in comparison to Zirconomer whereas MTA showed a better shear bond 

strength with Zirconomer in comparison to Type IX GIC. Biodentine group had more 

of mixed failures followed by adhesive and cohesive failures and MTA group had 

more of adhesive failures followed by mixed and cohesive failures. Within the 

parameters of this study it can be concluded that Zirconomer can be used as a suitable 

restorative material after pulp capping procedures. 

 

Keywords: MTA, Biodentine, GIC, Zirconomer, Shear bond strength, vital pulp 

therapy 
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Dental caries constitutes a major element of the oral disease burden worldwide. It remains 

an unsolved problem all over the world despite measurable success in caries prevention.1 

In the field of pediatric dentistry, this is especially true when consideration is given to 

early childhood caries. In majority of cases infants arrive too late at the dentist’s office, 

and the caries is already associated with pulpitis which when irreversible, may even lead 

to premature extractions in many cases.2 For preservation of decayed primary teeth, 

proper knowledge of primary pulp biology is a fundamental pre-requisite.3 During the last 

decade, “Bioactive pulp Medicaments” have been introduced for vital pulp therapy which 

has revolutionized the treatment strategies for the primary dentition. This treatment 

modality applies for deep dentinal lesions or exposed vital pulps with reversible 

irritation.4,5  

 

Pulp exposure can occur due to various reasons like dental caries, trauma and during 

restorative procedures which can have a negative impact on the vitality and prognosis of 

the tooth. In some clinical situations, vital pulp therapy is performed which includes 

indirect pulp capping, direct pulp capping and pulpotomy procedures. Indirect pulp 

capping involves the placement of biomaterial which acts as a protective barrier over the 

remaining dentine whereas in direct pulp capping the biomaterial is placed directly on the 

exposed pulp. Pulpotomy procedure includes the application of biomaterial after partial 

or total removal of coronal dental pulp.6  
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Vital pulp therapy procedures aim at protecting the pulp and include indirect and direct 

pulp capping which cover the pulp with a suitable material that can provide adequate seal 

and induce the formation of dentine bridge. 

 

MTA and biodentine are routinely used as pulp capping agents. MTA is used as the 

material of choice for procedures like pulp capping, pulpotomy, apexogenesis and repair 

of perforations. MTA has the following uses as it is bioactive, has hard tissue inductive 

and conductive property and also due to its biocompatible nature.  

 

Mineral Trioxide Aggregate was introduced as a restorative material in 1995 by 

Torabinejad and White as Grey ProRoot MTA following which white MTA was 

introduced in 1998.7 Despite the various advantages that MTA possesses, it also has 

certain shortcomings like difficult handling properties, prolonged setting time, high cost 

and discoloration potential.8  

 

Biodentine was developed as a novel material which could overcome the shortcomings 

of other calcium silicate based cements and was introduced in 2010 by Gilles and Olivier 

and was said to possess high mechanical properties with excellent biocompatibility.9 

Biodentine is a new tricalcium silicate based restorative cement and is proclaimed as 

‘bioactive dentine substitute’.10 Biodentine is said to possess superior physical and 

biological properties in comparison to other silicate based pulp capping cements.11  
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Following a successful vital pulp therapy, the treated tooth requires a suitable restoration. 

The pursuit for an ideal restorative material with optimum physical and biological 

properties still exists. Recently, composite resins have been quite popular for this purpose, 

but in some situations where enough tooth structure around the preparation site is not 

there, glass ionomer cements can be a good alternative.12  

 

Glass ionomer cement (GIC) has distinctive properties such as anti-carcinogenic effect, 

lack of exothermic polymerization, excellent adhesion to dentin, close thermal expansion 

to tooth, adequate biocompatibility, which has made it an important material for many 

dental applications.13  

 

GICs are mostly used for the anterior restorations and in areas with less occlusal load as 

the prime drawback of GIC is its inadequate mechanical properties like low strength and 

toughness.14 To overcome these shortcomings of GIC several modifications have been 

introduced. Resin-modified GICs were introduced for use in areas with high occlusal load 

as they possess better mechanical properties. Many techniques have been employed to 

improve the mechanical properties of GIC like incorporation of zirconia, hydroxyapatite, 

N-vinyl pyrrolidone and fluoroapatite.15  

 

New GIC formulation composed of zirconia and ceramic known as Zirconomer is a novel 

material, that was introduced to overcome the drawbacks of previously used amalgam  
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and other tooth-colored restorative materials. Zirconomer is said to exhibit the strength 

of amalgam as well as maintain the fluoride releasing capacity of GICs.16  

 

Zirconomer is developed through a rigorous manufacturing technique to display the 

strength that is similar to amalgam. Finely controlled micronization is done for the glass 

component of zirconomer to achieve the most appropriate particle size and characteristics. 

The homogeneous amalgamation of zirconia particles in the glass component of the 

cement makes the material more durable and increases its tolerance to occlusal load. The 

acid constituents of the liquid and the glass components are specifically processed to 

impart better mechanical and handling properties to this reinforced GIC.17  

 

The most important factor that affects the longevity and predictability of the final 

restoration is the standard of the bond that is formed between the pulp capping agent and 

the restorative material. Shear bond strength is the resistance to forces that slides the 

restorative material past the tooth structure and thus it assumes more importance clinically 

as the major dislodging forces at the tooth restoration interface have a shearing effect.18  

 

Thus, the purpose of this current study is to assess the shear bond strength of two pulp 

capping materials MTA and biodentine with restorative materials like Zirconomer and 

conventional GIC. 
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AIM 

 

The aim of this study is to evaluate the shear bond strength of zirconia reinforced glass 

ionomer cement and conventional glass ionomer cement to mineral trioxide aggregate 

and biodentine. 

 

PRIMARY OBJECTIVE 

 

To evaluate the shear bond strength of zirconia reinforced glass ionomer cement and 

conventional glass ionomer cement to mineral trioxide aggregate and biodentine. 

 

SECONDARY OBJECTIVE 

 

Fracture analysis of the test specimens examined under a Stereomicroscope to determine 

the mode of failure. 
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1. A study was conducted in 2022 to evaluate the shear bond strength (SBS) of four 

bioceramic pulp capping materials with composite and RMGIC and to analyze the effects 

of immediate placement compared to delayed placement of restorative material on the 

bond strength. The study concluded that the SBS of composite with bioceramic pulp 

capping material was significantly higher than RMGIC, except for with ProRoot MTA. 

They also said that delayed placement of composite restoration had a higher shear bond 

strength than immediate placement and similarly, delayed placement of RMGIC had a 

higher SBS when compared to immediate placement of restoration.19  

 

2. A study was done in 2021 to evaluate the SBS of ACTIVA KIDS, Zirconomer and 

Conventional GIC to the dentine of Primary Molars. They concluded that the shear bond 

strength of the ACTIVA KIDS to primary teeth dentin was the highest in comparison to 

Zirconomer and conventional GIC. Hence, they proposed that ACTIVA KIDS may 

provide protection to primary teeth against recurrent caries and failure of the restoration.20  

 

3. A study was done for comparative evaluation of MTA and biodentine in 2020, the 

research concluded that MTA is a biocompatible material with various clinical 

applications. MTA is an ideal root repair material which has certain desirable properties 

like resistance to marginal leakage, normal healing response, ease of manipulation and 

biocompatibility. The study concluded that after giving consideration to the physical, 

biological (immediate formation of calcium hydroxide) and handling properties (faster 

setting time) of biodentine it could be used as an efficient alternative to mineral trioxide  
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aggregate in a variety of cases in the field of endodontics, dental traumatology, restorative 

dentistry and pediatric dentistry.21  

 

4. A study was conducted in 2019 where they analyzed the SBS of composite, RMGIC 

and Type IX GIC with biodentine as a pulp capping agent. They found that the highest 

bond strength was observed in group I (MB composite), followed by group II (type II 

RMGIC), and the lowest bond strength was observed in group III (Fuji IX GIC). They 

concluded that the adhesion of biodentine to MB composite surface seemed to be greater 

when compared to that of RMGIC and GIC.22  

 

5. A study was performed in 2019 to assess the bond strength of Dyad Flow and Smart 

Dentin Replacement [SDR], with various pulp-capping agents. A statistically significant 

difference was seen between both the groups in their bond strength with MTA Plus, 

Dycal, Biodentine, and TheraCal. The study concluded that the combination of TheraCal 

pulp capping agent and SDR restorative material had the highest SBS.23  

 

6. A study was conducted in 2019 to analyze the SBS of a flowable composite and 

Ionoseal to three pulp-capping materials. The study concluded that the maximum mean 

SBS value was seen in the Biodentine–composite resin group (4.77 MPa) and minimum 

mean SBS value was observed in MTA–glass-ionomer (2.20 MPa) group. They also 

concluded that there was a significant difference in the SBS values of pulp capping agents   
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with the composite and GIC (p < 0.001) hence, they suggested that composite may be 

more ideal as a definitive restorative material after pulp capping. 24  

 

7. A literature review was done in 2018 on biodentine material characteristics and clinical 

applications. They concluded that the superior properties of biodentine is due to the 

incorporation of finer sized particles, addition of zirconium oxide, calcium chloride and 

hydro soluble polymer. They concluded that Biodentine overcomes the major drawbacks 

of MTA and hence it can be used as an alternative to MTA in pediatric dentistry and 

endodontics especially after traumatic injuries.11  

 

8. A study was performed in 2018 to assess the proper time when restoration should be 

done (immediately or delayed) after the placement of two pulp capping agents and to 

assess the efficiency of two different restorative protocols and its effect on the shear bond 

strength. The study concluded that placement of restorative material over ProRoot MTA 

should be done at a delayed timeframe whereas biodentine might allow for immediate 

placement of restoration. They concluded that for this reason, Biodentine can be a 

material of choice for immediate restoration instead of MTA.25  

 

9. A study was conducted in 2017 to evaluate the SBS of various restorative materials to 

MTA and biodentine. The study concluded that better shear bond strength was seen 

between MTA and compomer and MTA and composite in comparison to biodentine. The 

study concluded that there was insignificant difference in bond strength between  
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MTA and RMGIC group when compared with biodentine and RMGIC group.26  

 

10. A study was conducted in 2017 that analysed the mechanical, biological and esthetic 

properties of Zirconomer and they concluded that Zirconomer family restorations are the 

best alternative now to both GICs with its other modifications as well as dental amalgam 

for all teeth whether deciduous or permanent.16  

 

11. A study was done in 2016 to evaluate the SBS of calcium silicate capping agents to 

various restorative materials. They concluded that TheraCal LC pulp capping agent 

exhibited better SBS in comparison to biodentine and they also concluded that placing 

the GIC before placement of composite may reduce the bond strength.27  

 

12. A study was performed in 2016 to analyze the SBS of a flowable composite (FC) and 

resin-modified glass ionomer (RMGI) to mineral trioxide aggregate (MTA) and calcium-

enriched mixture (CEM) cement. They concluded that the bond strength of flowable 

composite resin with Mineral trioxide aggregate and CEM was higher than RMGIC which 

was improved after the additional application of adhesive.28  

 

13. A study was conducted in 2015 to evaluate the SBS of Biodentine, MTA, GIC and 

composite on dentine. The study concluded that at all observation periods the composite 

resin group showed the significant highest shear bond strength (p < 0.05). The study found 

that after 7 days biodentine showed better shear bond values than GIC and also the SBS  
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values for MTA were lesser even after a time period of 14 days hence they concluded that 

the bonding of biodentine to dentine surface is better in comparison to MTA.29  

 

14. A study was conducted in 2014 to assess the SBS of two composites and GIC with 

biodentine and MTA. The study concluded that the methacrylate-based composite had 

better SBS with biodentine than to mineral trioxide aggregate. The study also concluded 

that silorane based composite and GIC bonded to biodentine and MTA at a low strength.30  

 

15. A study was done in 2012 to assess the SBS of composite to WMTA. The study 

concluded that self-etch adhesive showed best bond strength to WMTA. They also 

proposed that bonding of composites to WMTA should be done by using self-etch 

adhesive just after WMTA is placed.31  

 

16. A Scanning electron microscopic study was performed in 2011 to analyze the material 

interface of mineral trioxide aggregate (MTA) in contact with non-setting calcium 

hydroxide paste (CH), glass ionomer cement (GIC) and intermediate restorative material 

(IRM). The study concluded that MTA has an interaction with other dental materials and 

it leads to elemental migration in adjacent materials. The study concluded that glass 

ionomer cements absorb the water of hydration from the MTA which results in increased 

porosity and incomplete hydration of MTA.32  
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17. A study was conducted in 2009 to evaluate the SBS of GIC placed over MTA that 

was allowed to set for 2 different time duration, 45 minutes and 72 hours. They concluded 

that the SBS of Ketac Molar Easymix and Fuji IX to MTA was alike after both the time 

intervals. They proposed that GIC can be used over MTA after the MTA has set for 45 

minutes thus allowing single visit procedures.33  

 

18. A study was performed in 2009 to analyze the SBS of various adhesive systems to 

WMTA. They concluded in their study that, an etch-and-rinse adhesive system had 

superior SBS than self-etch systems and could be a preferred choice when placing 

compomer materials upon WMTA.34  

 

19. A study was done in 2008 to evaluate the setting and GIC surface characteristics when 

placed over partially set mineral trioxide aggregate. The study concluded that there was 

insignificant difference in the setting time of GIC when placed over partially set MTA at 

various time intervals. They concluded that conventional glass ionomer cement can be 

placed over partially set MTA after 45 minutes and can be used for single visit 

procedures.35  
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This research study was undertaken in the Department of Paediatric and Preventive 

Dentistry, SDM College of Dental Science and Hospital, a Constituent Unit of Shri 

Dharmasthala Manjunateshwara University, Dharwad, Karnataka, in collaboration with 

Praj Laboratory, Pune for shear bond strength test and stereomicroscopic evaluation. 

The study was approved by the Institutional Review Board (IRB) of SDM College of 

Dental Sciences and Hospital, Karnataka, India. (IEC. No. 2021/P/PEDO/39). 

 

MATERIALS 

1. For study sample preparation:  

a) Acrylic resin 

b) Putty impression material (Aquasil Putty, Dentsply Sirona) 

c) Tweezer (Figure 2 E) 

d) Type IX GIC (GC Fuji Gold Label 9 Extra, Japan) (Figure 2 A) 

e) Zirconomer (SHOFU, Japan) (Figure 2 B) 

f) MTA (ProRoot Dentsply Sirona Inc., York, USA) (Figure 2 C) 

g) Biodentine (Septodont, Saint Maur des Fosses, France) (Figure 2 D) 

h) Glass slab, paper pad, spatula (Figure 2 E) 
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METHODOLOGY 

Sample size estimation: In the present study, the sample size was estimated using the 

formula, 

 

N = 2 Sp2 [ Z 1- α/2 + Z 1- β ] 2 / μ d 2  

Sp = pooled standard deviation, μ d = Mean difference 

 

The type 1 error was fixed at 5% (statistical significance) and the power of the study was 

fixed at 80%. The effect size was estimated from a similar study and the effect size was 

0.94. The total sample size estimated was 19 per group which was rounded off to 20. 

Since there are 4 groups in the study, final minimum sample size is 80.  Hence, a sample 

size of 20 per Group was required to obtain statistical power. 

 

Study sample size: 80 samples were selected for the study.  

Study type: In vitro study 

 

SPECIMEN PREPARATION:  

Acrylic blocks (n=80) were prepared of dimension 20mm length, 20mm width and 20mm 

height. Standardized central indentation of dimension 2mm depth and 4mm diameter was 

created on all the acrylic blocks using an indentation machine. (Figure 1 A) All the acrylic 

blocks were then coded and labelled according to the group to which they belonged.  
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The codes were as follows: 

1. For Biodentine and Type IX GIC group; it was coded as ‘Group 1’ followed by the 

sample number, such as G1-1, G1-2, G1-3, G1-4, G1-5, G1-6 and so on till G1-20. 

2. For Biodentine and Zirconomer group; it was coded as ‘Group 2’ followed by the 

sample number, such as G2-1, G2-2, G2-3, G2-4, G2-5, G2-6 and so on till G2-20.  

3. For MTA and Type IX GIC group; it was coded as ‘Group 3’ followed by the sample 

number, such as G3-1, G3-2, G3-3, G3-4, G3-5, G3-6 and so on till G3-20.  

4. For MTA and Zirconomer group; it was coded as ‘Group 4’ followed by the sample 

number, such as G4-1, G4-2, G4-3, G4-4, G4-5, G4-6 and so on till G4-20. 

 

PROCEDURE 

SPECIMEN PREPARATION:  

Acrylic blocks (n = 80) with central holes of height 2mm and diameter 4mm were 

prepared. In 40 of the samples, the holes were fully filled with mineral trioxide aggregate. 

In the other 40 samples, the holes were fully filled with biodentine. (Figure 1 B) The 

acrylic blocks filled with MTA were covered with a wet cotton pellet till the setting took 

place. The molds were then stored at 37°C in 100% humidity for 24 hours till the final 

setting of the material took place according to manufacturer’s instructions. (Figure 1 C) 

PLACEMENT OF RESTORATIVE MATERIALS: 

After the setting of the capping materials, both the mineral trioxide aggregate and  



MATERIALS AND METHODS 
 

15 
 

 

biodentine samples were randomly divided into 2 subgroups of 20 specimens each. 

Group 1: (n=20) Biodentine and Type IX glass ionomer cement  

Group 2: (n=20) Biodentine and Zirconia reinforced glass ionomer cement  

Group 3: (n=20) Mineral trioxide aggregate and Type IX glass ionomer cement 

Group 4: (n=20) Mineral trioxide aggregate and Zirconia reinforced glass ionomer cement 

In each group the restorative material (Type IX GIC/ Zirconomer) was mixed according 

to manufacturer’s instructions and was placed at the centre of mineral trioxide aggregate/ 

biodentine upto a height of 4mm and diameter of 2mm using a matrix band. (Figure 1 D) 

The restorative materials were allowed to set. (Figure 1 E) After the setting process was 

complete the specimens were stored at 37° C for 24 hours after which they were subjected 

to shear bond strength test. (Figure 1 F) 

 

SHEAR BOND STRENGTH TEST:  

For the shear bond strength test, each block was secured in a holder placed on the platen 

of the testing machine and then sheared with a knife edge blade on a Universal Testing 

Machine (UTM) (ACME Engineers, India, Model: UNITEST 10), System Accuracy of 

the Machine: ± 1%, at a crosshead speed of 1 mm/minute. (Figure 3 A) The force required 

to separate the restorative material was measured. (Figure 3 B) The shear bond strength 

in MPa was calculated by dividing the peak load at failure with the specimen surface area.  
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After the shear bond strength testing the debonded samples were then analyzed for the 

mode of failure. (Figure 3 C) 

 

FRACTURE ANALYSIS:  

The fractured test specimens were examined under a stereomicroscope at a magnification 

of 10X (Wuzhou New Found Instrument Co. Ltd. China Model: XTL 3400E) (Figure 4 

A) The fractured specimens were classified as follows: Cohesive failure that occurred 

exclusively within the materials. (Figure 5 C), adhesive failure that occurred at the 

interface of pulp capping materials and restorative materials (Figure 5 B) and mixed 

failures when both cohesive and adhesive failures happened simultaneously. (Figure 5 A) 

Fracture analysis was done by a single observer who was completely uninformed about 

the experimental groups. 

               

              STATISTICAL ANALYSIS:  

SPSS (Statistical Package for Social Sciences) version 20 [IBM SPASS statistics (IBM 

corp. Armonk, NY, USA released 2011)] was used to perform the statistical analysis. 

1. Data was entered in the excel spread sheet. 

 

2. Descriptive statistics: Mean and standard deviation of shear bond strength values 

were assessed for the four groups.  



MATERIALS AND METHODS 
 

17 
 

 

3. Inferential statistics: Normality of Shear bond strength (MPa) in four groups was 

analysed by Kolmogorov Smirnov test. Comparison of mean shear bond strength 

values between the four groups was done by Analysis of Variance (ANOVA) followed 

by Tukey’s multiple Post hoc test, as the data was following normal distribution.  

 

 

4. Proportion of various types of failures in each group was calculated. Comparison 

between the four groups for proportion of failures was done using Chi-Square test.  

 

5. Probability value (P value) of less than 0.05 was considered to be statistically 

significant. 
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1. SAMPLE PREPARATION 

                          

  Figure 1 A: Acrylic sample with central indentation measuring 4mm diameter and 

2mm depth 

                      

                     Figure 1 B: Pulp capping material placed in central indentation 
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                   Figure 1 C: Prepared samples stored in room temperature for 24 hours for final 

setting of pulp capping material  

            

         Figure 1 D: Matrix band placed for packing of restorative material 
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           Figure 1 E: Restorative material placed on pulp capping material  

              

                   Figure 1 F: Prepared samples stored in room temperature for 24 hours before being 

subjected to shear bond strength analysis.  
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2. ARMAMENTARIUM: 

        

     Figure 2 A: GC FUJI Type IX GIC 

 

         

    Figure 2 B: SHOFU Zirconia reinforced GIC  
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Figure 2 C: ProRoot MTA 

           

       Figure 2 D: SEPTODONT Biodentine 
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       Figure 2 E: Glass slab, paper pad, spatula, tweezer 

 

 

 

 

 

 

 

 



COLOUR PLATES 
 

24 
 

3. SHEAR BOND STRENGTH TESTING: 

 

           

     Figure 3 A: Universal testing machine ( UTM )  

      (ACME Engineers, India., Model: UNITEST 10) 
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      Figure 3 B: Specimen undergoing shear bond strength test in UTM 

 

      

        Figure 3 C: Specimen showing debonding during Shear bond strength test 
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4. STEREOMICROSCOPIC ANALYSIS: 

               

             Figure 4 A: Stereomicroscope (10 X magnification) 

        (Wuzhou New Found Instrument Co. Ltd. China Model : XTL 3400E) 

              

           Figure 4 B: Sample being examined under a stereomicroscope 
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5. MODE OF FRACTURE OF SAMPLE: 

            

   Figure 5 A: Mixed type of failure 

             

     Figure 5 B: Adhesive type of failure 
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    Figure 5 C: Cohesive type of failure 
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Graph 1: Graph depicting the load in Newton versus the displacement in Millimeter for    

Group 1 (Biodentine and Type IX GIC group). 

      

 

 

 

 

 

 

 

            Graph 1: Group 1 (Biodentine and Type IX GIC group) 
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Graph 2: Graph depicting the load in Newton versus the displacement in Millimeter for    

Group 2 (Biodentine and Zirconomer group). 

 

                       

          Graph 2: Group 2 (Biodentine and zirconomer group) 
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Graph 3: Graph depicting the load in Newton versus the displacement in Millimeter for    

Group 3 (MTA and Type IX GIC group). 

 

            

         Graph 3: Group 3 (MTA and Type IX GIC group) 

 

 

 

 

 



RESULTS 
 

32 

 

 

Graph 4: Graph depicting the load in Newton versus the displacement in Millimeter for    

Group 4 (MTA and Zirconomer group). 

 

                 

          Graph 4: Group 4 (MTA and Zirconomer group) 
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Table 1: Tabulation assessing the Normality of Shear bond strength (MPa) in four 

groups using Kolmogorov Smirnov test. 

 

Group Z-value p-value 

Group 1 0.1500 0.1020 

Group 2 0.1680 0.1420 

Group 3 0.0950 0.2000 

Group 4 0.0780 0.2000 

 

Table 1 depicts that the Shear bond strength (MPa) scores in all four groups follows     

normal distribution, therefore, parametric tests were applied. 
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Table 2: Tabulation depicting the descriptive statistics of Shear bond strength for each 

group. 

 

 

Group 

 

Mean 

 

SD 

 

SE 

          95% CI for mean 

Lower Upper 

Group 1 1.65 0.72 0.16 1.31 1.99 

Group 2 0.94 0.38 0.09 0.76 1.12 

Group 3 1.24 0.43 0.10 1.04 1.45 

Group 4 1.42 0.39 0.09 1.24 1.61 

 

Table 2 reveals that the highest mean shear bond strength values were recorded 

for Biodentine and Type IX GIC (1.65 MPa) followed by MTA and Zirconomer 

group (1.42 MPa) and MTA and TYPE IX GIC group (1.24 MPa). The lowest 

mean shear bond strength was seen in Biodentine and Zirconomer group (0.94 MPa). 

 

 

 



RESULTS 
 

35 

 

 

Table 3: Comparison of mean Shear bond strength (MPa) in 4 groups by one way 

ANOVA. 

 

Sources of 

variation 

Degrees of 

freedom 

Sum of 

squares 

Mean sum 

of squares 

F-value p-value 

Between 

groups 

3 5.45 1.82 7.2007 0.0003* 

Within 

groups 

76 19.17 0.25   

Total 79 24.62    

 

     *p < 0.05 (p-value less than 0.05 is considered to be statistically significant) 

 

Table 3 shows that there is statistically significant difference in the mean shear bond 

strength values in between the 4 groups when one way ANOVA analysis was 

performed. 
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Table 4: Pair wise comparison of four groups with mean Shear bond strength (MPa) by 

Tukey’s multiple Post Hoc test. 

Groups Group 1 Group 2 Group 3 Group 4 

Mean 1.65 0.94 1.24 1.42 

SD 0.72 0.38 0.43 0.39 

Group 1 -    

Group 2 P=0.0003* -   

Group 3 P=0.0500* P=0.2283 -  

Group 4 P=0.4911 P=0.0155* P=0.6605 - 

 

                      *p < 0.05 (p-value less than 0.05 is considered to be statistically significant) 

Table 4 outlines that there is statistically significant difference between 

Group 1 (Biodentine and Type IX GIC) and Group 2 (Biodentine and 

Zirconomer). Statistically significant pairwise difference is also observed 

between Group 1 (Biodentine and Type IX GIC) and Group 3 (MTA and 

Type IX GIC) and also between Group 2 (Biodentine and Zirconomer) and 

Group 4 (MTA and Zirconomer). No statistically significant results were 

observed between other pair wise comparison groups. 
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Table 5: Comparison of four groups with types of fractures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5 depicts that most of the observed modes of failure were adhesive in nature 

followed by mixed type and cohesive failure. 

Fracture 

types 

Group 1 % Group 

2 

% Group 3 % Group 4 % 

 

Adhesive 

 

9 

 

45.00 

 

9 

 

45.00 

 

13 

 

65.00 

 

10 

 

50.00 

 

Cohesive 

 

0 

 

0.00 

 

1 

 

5.00 

 

0 

 

0.00 

 

1 

 

5.00 

 

Mixed 

 

11 

 

55.00 

 

10 

 

50.00 

 

7 

 

35.00 

 

9 

 

45.00 

 

Total 

 

20 

 

100.00 

 

20 

 

100.00 

 

20 

 

100.00 

 

20 

 

100.00 

 

Chi-square=3.9947, p=0.6773 
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Graph 5: Comparison of mean Shear bond strength (MPa) of 4 groups. 

 

 

 

 

 

 

 

 

 

Graph 5 reveals that the highest mean shear bond strength values were recorded 

for Group 1 (Biodentine and Type IX GIC) (1.65 MPa) followed by Group 4 

(MTA and Zirconomer group) (1.42 MPa) and Group 3 (MTA and TYPE IX GIC 

group) (1.24 MPa). The lowest mean shear bond strength was seen in Group 2 

(Biodentine and Zirconomer group) (0.94 MPa). 
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Graph 6: Box and Whisker Plot depicting mean shear bond strength of the 4 study 

groups. 
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Graph 7: Comparison of fracture modes in the study groups. 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 7 depicts that most of the observed modes of failure were adhesive in nature 

followed by mixed type and cohesive failure. 

Group 1 and Group 2 had more of mixed type of failure followed by adhesive type. 

Group 3 and Group 4 had majority of adhesive type of failure followed by mixed 

type. 

Cohesive failure was observed with the least frequency and was seen only in Group 2               

and Group 4. 
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Dental caries remains an unsolved problem all over the world despite measurable success 

in caries prevention.1 In the field of pediatric dentistry in majority of cases infants arrive 

too late at the dentist’s office, and the caries is already associated with pulpitis which 

when irreversible, may even lead to premature extractions in many cases.2 During the last 

decade, “Bioactive Pulp Medicaments” have been introduced for vital pulp therapy which 

has revolutionized the treatment strategies for the primary dentition.  

 

The American Academy of Pediatric Dentistry (2014) recommended the following 

measures regarding pulp treatment for vital teeth:36  

 

• Teeth having normal pulps requiring pulp therapy or with reversible pulpitis are 

recommended to be treated using vital pulp procedures.  

 

• Teeth having short-term provoked pain that is relieved with analgesics, or relieved on 

removal of the stimulus and being furthermore symptom-free concerning signs of 

irreversible pulpitis, show reversible pulpitis and are to be treated by vital pulp therapy. 

 

The key objective of pulp therapy is the successful treatment of a pulpally involved tooth 

and maintaining that tooth in a healthy condition so as to fulfill its role as a useful part of 

the primary and young permanent dentition.37  

 

Indirect pulp treatment is indicated in teeth having deep carious lesions approaching the  
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pulp but without showing any symptoms of pulp degeneration.4,5 The primary concept of 

indirect pulp treatment is to leave caries close to the pulp in order to avoid pulp exposure 

and to apply a biocompatible material.38 Direct pulp treatment is done in the case of small 

pulp exposure during cavity preparation or due to traumatic insult, and a biocompatible 

radiopaque base is applied. The aim is to cover the exposed dentinal tubules and to 

establish a scaffold between restorative materials and the pulp, promoting healing of the 

pulp tissue, reducing pulpal irritation and post-operative sensitivity.39,40,41  

 

The pulp capping liner used must act as a strong barrier to prevent the dental pulp complex 

from microbial attacks and also induce the formation of the new dentine bridge or dentine-

like bridge between the pulp and the restorative material for a successful vital pulp 

therapy.42  

 

Calcium-hydroxide based materials are the most routinely used pulp capping agents due 

to their potential to encourage tissue repair by promoting tertiary dentin formation; they 

also provide antibacterial activity because of their high alkaline pH.43,44 Calcium 

hydroxide has some disadvantages like gradual degradation, unstable physical properties, 

low sealing ability that may lead to bacterial leakage causing tunnel-like defects during 

the dentin bridge formation, and lack of adhesion to dentin.45,46 Tri-calcium silicate-based 

materials have been introduced to overcome these drawbacks.  

 

In the recent years, MTA which is composed mostly of tri-calcium silicate has been  
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widely used in pediatric dentistry as a pulp capping material in young permanent teeth 

and as a pulpotomy medicament in primary teeth because of its beneficial characteristics, 

such as its biocompatibility and low microleakage. It is also said to contribute to the 

regeneration of the original tissues when it is placed in contact with the dental pulp. On 

the contrary, despite its desirable physical and biological properties, MTA has some 

disadvantages like prolonged setting time, high solubility, and poor handling 

characteristics.47  

 

Biodentine was developed as a novel material which could overcome the shortcomings 

of other calcium silicate-based cements and was introduced in 2010 by Gilles and Olivier 

and was said to possess high mechanical properties with excellent biocompatibility.9 

Biodentine is a new tricalcium silicate based restorative cement and is proclaimed as 

‘Bioactive Dentine Substitute’.10 Biodentine is said to possess superior physical and 

biological properties in comparison to other silicate based pulp capping cements.11  

 

Following a successful vital pulp therapy, the treated tooth requires a suitable restoration. 

Recently, composite resins have been quite popular for this purpose, but in some 

situations, where there is not enough tooth structure around the preparation site, GICs can 

be a good alternative.12  

 

Glass ionomer cement (GIC) has distinctive properties such as anti-carcinogenic effect,  

lack of exothermic polymerization, excellent adhesion to dentin, close thermal expansion  
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to tooth, adequate biocompatibility, which has made it an important material for many 

dental applications.13 The major drawbacks of GIC are its weak mechanical properties 

like brittleness, low tensile strength, and toughness. Several modifications have been 

introduced with the purpose of enhancing their mechanical properties.  

 

New GIC formulation composed of zirconia and ceramic known as Zirconomer is a novel 

material, that was introduced to overcome the drawbacks of previously used amalgam 

and other tooth-colored restorative materials. Zirconomer is said to exhibit the strength 

of amalgam as well as maintain the fluoride releasing capacity of GICs.16  

 

Zirconomer is developed through a rigorous manufacturing technique to display the 

strength that is similar to amalgam. Finely controlled micronization is done for the glass 

component of zirconomer to achieve the most appropriate particle size and characteristics. 

The homogeneous amalgamation of zirconia particles in the glass component of the 

cement makes the material more durable and increases its tolerance to occlusal load. The 

acid constituents of the liquid and the glass components are specifically processed to 

impart better mechanical and handling properties to this reinforced GIC.17  

 

The bond strength between restorative materials and pulp-capping materials plays an 

important role in the coronal sealing, and consequently the success of vital pulp therapy.30 

The stress on the bonded surface of dentin gets distributed when a proper bond is formed 

between the restorative material and the pulp capping agent.48  



DISCUSSION 
 

45 

 

 

The bond strength test recommended in adhesive dentistry is the microtensile bond 

strength test. However, since MTA is a brittle material, it is not possible to subject it to 

this type of analysis.31 Shear bond strength test is the method of choice, especially for 

GICs exhibiting low bond strength, as other bonding tests are very difficult to apply in 

these materials. Assessing the shear bond strength is an important clinical property, since 

the majority of dislodging forces have a shearing effect at the tooth restoration interface.18  

 

The most important factor that affects the longevity and predictability of the final 

restoration is the standard of the bond that is formed between the pulp capping agent and 

the restorative material. Thus, the purpose of this current study is to assess the SBS of 

two pulp capping materials MTA and biodentine with restorative materials like 

Zirconomer and conventional GIC. 

 

The samples in the present study were prepared similar to a study done by Cantekin et al 

in 2014.30 (Figure 1 A, Figure 1 B) The mean setting time of MTA is 165 ± 5 minutes and 

the mean setting time of biodentine is 10-12 minutes. The final setting time of biodentine 

is assessed to be 45 min as assessed by a study done by Bansal et al.21 Thus, the acrylic 

molds were stored at 37°C in 100% humidity for 24 hours till the final setting of the pulp 

capping materials took place according to manufacturer’s instructions. (Figure 1 C) 

 

Several studies in literature by Cantekin et al,30 Yesilkurtet al,33 Tulumbaci et al,26 Cengiz 

et al,27 to name a few, have been done comparing shear bond strength of pulp capping  
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materials MTA and biodentine with GIC and composite. However, there are few studies 

in literature comparing SBS of pulp capping agents with Zirconia reinforced GIC. Thus, 

the purpose of this current study is to assess the SBS of two pulp capping materials MTA 

and biodentine with restorative materials like Zirconomer and conventional GIC. 

 

The American Association of Endodontics guidelines recommends that 3-4 mm of GIC 

should be placed over the pulp capping material for regenerative procedures.49 Keeping 

this in mind the current study also included placement of 4mm of restorative material 

above the pulp capping agent. (Figure 1 E) 

 

The bond strength between the restorative material and the enamel/dentine, and also 

between the restorative material and the cavity liner, is one of the most important factors 

for the quality of dental filling treatment. A bond strength value ranging from 17 MPa to 

20 MPa has been estimated which can sufficiently withstand contraction forces to give 

rise to gap-free restoration margins.50,51,52 Our results demonstrated that none of the study 

groups attained shear bond strength values within the clinically accepted range. The 

results of the present study with respect to shear bond strength showed that highest mean 

shear bond strength values were recorded for biodentine and Type IX GIC (1.65 MPa) 

followed by MTA and Zirconomer group (1.42 MPa) and MTA and TYPE IX GIC group 

(1.24 MPa). The lowest mean shear bond strength was seen in biodentine and Zirconomer 

group (0.94 MPa). (Table 2)  
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Comparison of mean Shear bond strength (MPa) in 4 groups by one way ANOVA 

revealed that there is statistically significant difference in the mean shear bond strength 

values in between the 4 groups (p < 0.05) (Table 3). Pair wise comparison of four groups 

with mean Shear bond strength (MPa) by Tukey’s multiple Post Hoc test shows that 

there is statistically significant difference between Group 1 (Biodentine and Type IX 

GIC) and Group 2 (Biodentine and Zirconomer). (p < 0.05). Statistically significant 

pairwise difference is also observed between Group 1 (Biodentine and Type IX GIC) 

and Group 3 (MTA and Type IX GIC) and also between Group 2 (Biodentine and 

Zirconomer) and Group 4 (MTA and Zirconomer) (p < 0.05). No statistically significant 

results were observed between other pair wise comparison groups. (Table 4) In a similar 

study done by Cantekin et al where they assessed the shear bond strength between resin 

composite and GIC restorative material with MTA and biodentine, they found that 

although the SBS values of the Silorane based composite and GIC that were used with 

biodentine (8.0 MPa and 6.7 MPa, respectively) were higher than their SBS when 

bonded to MTA (7.4 MPa and 5.3 MPa, respectively), the differences between the 

groups were not statistically significant. (p > 0.05).30 This is in conformation with the 

results obtained in the current study where better shear bond strength values were 

obtained between GIC and biodentine when compared to GIC and MTA.  

 

In a similar study done by Zarean et al where they evaluated the shear bond strength of 

a flowable composite and Ionoseal to three pulp-capping materials, they concluded that 

the maximum mean SBS value was seen in the Biodentine–composite resin group (4.77  
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MPa) and minimum mean SBS value was observed in MTA–glass-ionomer (2.20 MPa) 

group. In their study they found that mean shear bond strength of biodentine with GIC 

was (3.35 MPa).24 In the present study also mean shear bond strength in biodentine and 

Type IX GIC group was higher than in MTA and TYPE IX GIC group and the results 

of the current study are in agreement with the study done by Zarean et al. The bond 

strength values in their study are higher than the values obtained in this study which may 

be due to the glass-ionomer used in their study which was Ionoseal, which is a single-

component flowable material which could have led to better adaptation to the surface, 

thus forming a better bond with the pulp capping agents.24 

 

In a similar study done by Tulumbaci et al where they assessed shear bond strength of 

composite, compomer and RMGIC, they found that mean shear bond strength of MTA 

and RMGIC was (2.84 MPa) and biodentine and RMGIC was (2.59MPa).26 In this study 

the bond strength of biodentine with GIC was higher in comparison to MTA and GIC 

and the results are not in conformation with the study done by Tulumbaci et al. 

 

Bonding between GIC and dental hard tissue is via a physicochemical process involving 

ionic exchange at the interface. The carboxyl groups in GIC replace phosphate ions in the 

tooth structure to form ionic bonds with the calcium ions of hydroxyapatite.53,54 The shear 

bond strengths of conventional GICs to conditioned enamel and dentin are relatively low, 

ranging from 3-7 MPa.55,56 Due to the high percentage of hydroxyapatite in enamel, the  
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bonding to enamel is said to be stronger than the bonding to dentin.33 In this study, the 

mean shear bond strength of the GICs to MTA was 1.24 MPa and with biodentine it was 

1.65 MPa. 

 

The mechanism of adhesion between biodentine and GIC is not known, but according to 

Nandini S. et al, when GIC is applied to MTA, 1 of the 2 possible reactions can take place 

at the interface of both the materials: the carboxyl group of the poly acid may react with 

the calcium of the MTA and lead to the formation of  calcium salts, or the silicate hydrate 

gel of the mineral trioxide aggregate may react with the silicate hydrate gel of the GIC to 

form by products.57 Adhesion of GIC to dental tissues primarily depends on the chemical 

interaction and to a lesser extent on micromechanical interlocking.53,54 The porous surface 

texture of MTA might increase the bond strength at the MTA-GIC interface.33 Taking into 

consideration the results of this study, it can be said that the bonding mechanism between 

GIC and silicate based pulp capping agents was not as strong as crosslinking reactions 

between capping agents and composites. 

 

Nandini et al and Ballal et al proposed that GIC could be layered 45 minutes after placing 

the MTA for single-visit procedures.57,35 Karabucak et al,58 and Sluyk et al,59 

recommended that 3 days were needed for the MTA to set and to be able to provide an 

adequate seal with GIC. In a pilot study done by Yesilyurt et al, where they applied the 

GICs over the MTA immediately, they observed that the GICs mixed thoroughly with  
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the setting MTA and bonding failure occurred at the MTA-GIC interface even before 

shear bond strength test was performed and also parallel bonding surfaces were not 

formed.33  

 

Throughout the complete setting of GIC the polyacrylic acid is highly soluble in water 

and the cements that set perfectly would reabsorb water.57,60 According to Ashraf et al, 

they said that the setting mechanism of MTA remained unaffected by the GIC’s 

application over MTA, and they also said that the interfacial adaptation of both materials 

increased over a period of time resulting in a good biological seal.61 Some studies have 

shown that the interface layer between MTA and GIC may have a tendency to not 

converge, which may be a result of the withdrawal of water from MTA to GIC leading 

to the disruption of MTA’s hydration and setting time and it is also said to increase the 

porosity between MTA and GIC.61 

 

The setting mechanism of GIC generates an acidic environment that ranges from pH 

1.9–2. An acidic environment can hamper the strength and the hardness of MTA, can 

prolong its setting time and increase its solubility. Acidic conditions also affect the 

quality of crystals produced by the hydration process. Keeping this in mind, in the current 

study the placement of restorative materials was done after 24 hours, allowing for the 

complete setting of the pulp capping materials MTA and biodentine. 

 

Studies on comparison of shear bond strength of Zirconia reinforced GIC with MTA and  
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Biodentine have not been done previously. In the present study Zirconomer showed a 

better mean shear bond strength to MTA in comparison to Biodentine and the pair wise 

comparison showed a statistically significant difference between both the groups. (p < 

0.05) (Table 4). 

 

After SBS testing, it is advantageous to determine the site of material failure, and hence 

the fractured surfaces were examined under a stereomicroscope. Based on these 

observations, the majority of fractures in the study groups were adhesive in nature 

followed by mixed type of fractures and least observed were cohesive type of fractures. 

In this study the groups with biodentine showed higher number of mixed failures 

followed by adhesive failures and only 1 sample underwent cohesive failure. (Table 5) 

The study groups with MTA showed higher number of adhesive failures followed by 

mixed failures and only 1 sample showed cohesive failure (Table 5). The higher number  

of adhesive fractures observed between the capping and restorative materials may 

indicate that a strong bond was not formed between them. 

 

This result does not correlate with previously conducted studies on MTA and premixed 

bioceramics done by Alqahtani et al which had shown more cohesive and mixed failures.19 

In another study done by Zarean et al they observed that majority of the samples 

displayed cohesive fractures which is not in agreement with the current study where 

majority of fractures were adhesive in nature.24 In a study done by Tulumbaci et al they 

found that maximum of adhesive failures was seen in biodentine and RMGIC group and  
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maximum of cohesive failures was seen in MTA and RMGIC group, the results of which 

are not in agreement with the present study.26 The bonding strength is considered 

acceptable when the failure is cohesive within the material, which indicates strong bond 

between the pulp capping materials and restorative material.  

 

In vital pulp therapy, restorative and capping materials bond with each other and with 

dentine. In this study, the bond strength was only evaluated between the capping and 

restorative materials without considering the bonding to dentin. In clinical situation 

where dentin is present, there is presence of three interfaces: capping material/dentin, 

restorative material/dentin, and capping material/restorative material. In this current 

study only one adhesive interface which is between capping material and restorative 

material was given consideration; hence, the results of this study have to be interpreted 

and adapted to the clinical scenario with caution.19  

 

Limitations of the study 

 

1. It evaluated only the bond strength at the interface of the pulp capping and restorative 

material and did not take into consideration the other interfacial surfaces such as between 

the tooth and pulp capping agent and the tooth and restorative material. 

 

2. Possible technical error 
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3. In this study the samples were stored for 24 hours before getting subjected to shear bond 

strength test, whereas in the clinical situation the restoration is immediately subjected to 

occlusal load. 

 

4. It is an in vitro study and it does not ideally replicate the clinical situation. 

 

Scope of the study 

 

1. A larger sample size can be chosen in further studies.  

 

2. An in vivo study can be done to extrapolate and strengthen the results of the present 

study. 
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        Within the parameters of this study, it can be concluded that: 

 

• Biodentine showed a better shear bond strength with Type IX GIC in comparison to 

Zirconomer. 

 

• MTA showed a better shear bond strength with Zirconomer in comparison to Type IX 

GIC. 

 

• Biodentine group had more of mixed failures followed by adhesive and cohesive failures. 

 

• MTA group had more of adhesive failures followed by mixed and cohesive failures. 

 

• Further research with a larger sample size and an in vivo study can be done to extrapolate 

the results of the present study. 
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The present study was undertaken to evaluate the shear bond strength of two calcium 

silicate-based pulp capping materials mineral trioxide aggregate and biodentine with 

restorative materials like zirconia reinforced glass ionomer cement and conventional glass 

ionomer cement. 

The study was an in vitro study having a sample size of 80. Acrylic samples were created 

with a central indentation and were filled with pulp capping materials Biodentine and 

MTA. Restorative material buildup was done above the capping materials and the samples 

were stored for a day before being subjected to shear bond strength testing.  

The shear bond strength testing was done using an Universal testing machine and the 

force required to separate the restorative material was measured following which the 

debonded samples were analysed for the mode of failure under a stereomicroscope. 

After statistical analysis, it was found that the highest mean shear bond strength values 

were recorded for Group 1 followed by Group 4 and Group 3. The lowest mean shear 

bond strength was seen in Group 2. Statistically significant pairwise difference in bond 

strength was observed between Group 1 and Group 2, Group 1 and Group 3 and also 

between Group 2 and Group 4. On comparing the modes of failure Group 1 and Group 2 

had majority of mixed type of failure whereas Group 3 and Group 4 had more of adhesive 

type of failure. 

Thus, under the limitations of the present study it was concluded that Biodentine showed 

a better shear bond strength with Type IX GIC in comparison to Zirconomer whereas  
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MTA showed a better shear bond strength with Zirconomer in comparison to Type IX 

GIC. Biodentine group had more of mixed failures followed by adhesive and cohesive 

failures and MTA group had more of adhesive failures followed by mixed and cohesive 

failures. 
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