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ABSTRACT 

 

Introduction: Root perforation complicates the endodontic treatment and compromises the prognosis 

if not properly managed. With the advent of newer materials for sealing, the clinical management and 

prognosis have improved. The aim of this study was to evaluate the push-out bond strength of two 

commercially available MTA and Biodentine.  

Materials and Methods: 45 freshly extracted maxillary incisors were selected for the study. Teeth 

were cleaned and immersed in 5.25%NaOCl solution to remove hard and soft tissues. The coronal and 

apical segments were sectioned and removed. The root canal space of the horizontal root slices 

obtained was enlarged to 1.3mm using Peeso reamer size:4. The samples were divided into 3 groups 

(15 samples each). The root canal spaces of the sectioned samples were restored with three different 

repair materials-Group-1: MTA (Angelus), Group-2:Biodentine, Group-3: Pro Root MTA (Dentsply). 

All the samples were stored in contact with the moistened gauze for 7 days and subjected to push-out 

assay. The maximum load applied to dislodge the material was recorded in Newton. The obtained 

results were then subjected to statistical analysis using one way ANOVA and Tukey’s post- hoc 

test(P<0.05).  

Results: The results of the present study showed that Biodentine exhibited better push-out bond 

strength than MTA and ProRoot MTA. There is no statistical significant difference between the push-

out bond strength of MTA and Pro root MTA.  

Conclusion: Within the limitations of this study, it can be concluded that Biodentine showed better 

push-out bond strength than MTA. 
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INTRODUCTION 

In endodontic practice, procedural 

accidents are commonly encountered which 

affect the prognosis of root canal treatment. 

According to Seltzer, perforations were the 

second greatest cause of failure in 

endodontics. 
[1] 

Root perforation is a mechanical, 

iatrogenic or pathologic communication 

between the root canal system and the 

external tooth surface. 
[2]

 Biologic events 

such as caries, pathologic resorption, 

iatrogenic perforation during restorative or 

endodontic procedures are most often 

reasons causing perforations. The cause of 

iatrogenic perforation is often due to 

misalignment of burs or engine driven 

instruments during endodontic access 

preparation, canal negotiation or root canal 

preparation. 
[3]
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The prognosis of endodontic root 

perforation depends on factors like location, 

time delay to perforation sealing, and the 

sealing ability of the material used to seal 

the defect. 
[4]

 An ideal root repair material 

should be biocompatible, dimensionally 

stable, adhere to the root end cavity walls, 

resist dislodging forces, prevent 

microleakage and remain unaffected in the 

presence of tissue fluids that might be acidic 

in an infected area. 
[5]

 

Biomaterial science aims to develop 

materials that are ideal mechanically, 

physically & biologically. Some of the 

bioactive dental materials include calcium 

hydroxide cement, glass ionomer cement, 

MTA and other newer tricalcium silicate 

based cements such as Biodentine. 
[6]

  

MTA is widely used as a promising 

biomaterial to repair root perforations 

because of its excellent biocompatibility, 

superior sealing ability and its ability to set 

even in the presence of moisture. Two 

commercial forms of MTA are available; 

ProRoot MTA in either the gray or white 

form. Recently, MTA-Angelus (Angelus, 

Londrina, PR, Brazil) has also become 

available as an alternative to ProRoot MTA 

where the former is similar to latter except 

that it does not contain calcium sulfate in an 

attempt to reduce setting time. 
[7] 

Calcium-silicate based products 

have gained popularity in recent times due 

to their resemblance to MTA and their 

applicability in all the cases where MTA is 

indicated. So, Biodentine was introduced by 

Septodont, as a calcium silicate based 

product which became commercially 

available in 2009. 
[8]

  

Camilleri et al have reported that in 

mechanical properties and biocompatibility, 

Biodentine showed superior results when 

compared to MTA, because greater 

opposition of hydroxyapatite crystals was 

observed on Biodentine surface when 

exposed to the tissue fluids. 
[9]

 These 

biological properties with good colour 

stability and lack of genoxicity make it an 

ideal material of choice for endodontic 

practice. 
[10] 

The present study aimed to 

evaluate and compare the push-out bond 

strength MTA (Angelus), Biodentine 

(Septodont) and Pro root MTA (Dentsply).
 

 

MATERIALS AND METHODS 

This study was approved by the 

Institutional ethical committee 

(ECR/269/Indt/2016)  

 

Sample Collection & Preparation: 

45 extracted human maxillary 

central incisors were used for the study. 

  

Inclusion and Exclusion criteria: 

Visual inspection was done and teeth 

with caries, cracks and fractures were 

excluded. Preoperative mesiodistal and 

buccolingual radiographs of each root were 

taken to confirm the canal anatomy. Teeth 

presenting more than single root canal and 

apical foramen, previous root canal 

treatment, internal or external resorption, 

immature root apices, or caries / cracks / 

fractures on root surface were excluded. 

Teeth were cleaned and immersed in 

5.25% sodium hydrochloride solution for 10 

mins to remove the hard and soft tissues 

respectively and stored in distilled water till 

use. The coronal and apical segments of all 

samples were sectioned, resulting in middle 

third with 10 mm of length. From this 

segment, horizontal slices (1.5 ± 0.1mm 

thick) were created using a low-speed 

diamond disc. 

 

Preparation of the canal: 

Root canal space of the sectioned 

slices was enlarged to 1.3mm using Peeso 

reamer No: 4 as shown in Fig 1. These root 

slices were immersed in 10ml of 2.5% 

sodium hypochlorite solution (NaOCl) for 

15 mins followed by 10 ml distilled water 

for 1 min. To remove the smear layer, 

samples were immersed in 17% EDTA for 3 

minutes followed by 10ml distilled water for 

1 min. Prepared root canal spaces were 

dried with paper points. The samples were 

randomly divided in to 3 groups: Group-1: 

MTA (Angelus), Group-2: Biodentine 

(Septodont) and Group-3: Pro Root MTA 
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(Dentsply) as shown in Fig 2. All the test 

materials were manipulated according to the 

manufacturer’s instructions and inserted into 

the root canal spaces. Later, the samples 

were stored in contact with gauze moistened 

in phosphate buffered saline solution for 7 

days before the push-out assay.  

 

 
Fig 1: Prepared Samples Divided In Groups 

 

 
Fig 2: Restored Samples 

 

Push-out Assay 

     

 
Fig 3: Push Out Assay Performed    Fig 4: Material Dislodged 

 

The test material was loaded by the 

plunger tip 1.1 mm diameter, which was 

positioned in a corono-apical direction as 

shown in Fig 3. Loading was performed on 

a Universal Testing Machine (Dak 

series7200) at a head speed of 1mm/min 
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until material dislocation occurred as shown 

in Fig 4. The plunger had a clearance of 

approximately 0.2 mm from the margin of 

the dentin to ensure contact with material 

only. The maximum load applied to the 

cement plug at the time of dislodgement 

was recorded in Newton (N). The bond 

strength in MPa was obtained after dividing 

the load at failure (Newton) by the area of 

the bonded interface. 

 

STATISTICAL ANALYSIS 

The descriptive data shows mean 

and standard deviation (SD) were used for 

comparison between the groups. One-way 

Anova analysis was carried out to compare 

the equality of bond strength means 

followed by Tukey post hoc analysis for 

pair wise comparisons. Confidence intervals 

were set at 95% and values of P < 0.05 were 

interpreted as statistically significant 

(Software-SPSS 23.0, Tulsa,UK). 

 

RESULTS 
 

Table 1 : Comparison of push out bond strength among the study groups 

GROUPS N Mean Std. Deviation Std. Error F,df p value 

MTA (ANGELUS) 15 .49 .65 .16  

 

 

22.13 

 

 

 

.0001(S) 

BIODENTINE 

(SEPTODONT) 

15 6.32 3.73 .96 

MTA (DENTSPLY) 15 2.60 1.82 .47 

Total 45 3.14 3.39 .50 

F – Anova test statistic; df- degree of freedom; S- significant; p value – probability value 

 

Table 2: Pair wise comparison of push out bond strength among study groups 

(I) Group (J) Group Mean Difference 

 (I-J) 

Std. Error p 

value 

95% Confidence Interval 

Lower Bound Upper Bound 

MTA 

(ANGELUS) 

BIODENTINE (SEPTODONT)  -5.82* .88 .00 -7.97 -3.66 

MTA 
(ANGELUS) 

MTA (DENTSPLY) -2.10 .88 .05 -4.25 .05 

  BIODENTINE 

  (SEPTODONT) 

MTA (DENTSPLY) 3.72* .88 .00 1.56 5.87 

*The mean difference is significant at 0.05 level.; Tukey HSD post hoc test 

                  

 
Graph 1: Comparison of pushout bond strength among study groups 

 

Table 1 shows statistical result of 

push-out bond strength of the test groups. 

Pairwise comparisons with Tukey HSD post 

hoc test showed that Biodentine was 

significantly different from the other groups 

(p <0.05), while no statistically significantly 

difference was observed amongst the others 

(Table 2). Graph 1 shows the comparison of 

pushout bond strength among the study 

groups. 

 

DISCUSSION 

      The repair of the root perforations 

must be done immediately to reduce the 
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possibility of infection at the perforation site 

that necessitates extraction of the involved 

tooth. The main aim of repairing a root 

perforation is to maintain a healthy 

periodontium that is in juxtaposition with 

the perforation site so that it is free from 

persistent inflammation and loss of 

attachment could be prevented. In case of 

established periodontal breakdown, the 

repair serves to establish some form of 

tissue re attachment. Success of perforation 

repair depends on good seal at the 

perforated site with a biocompatible 

material that contributes to the well-being of 

PDL. 
[11]

 

The ideal repair material should 

induce osteogenesis, cementogenesis, 

should be biocompatible, nontoxic, easily 

obtainable, convenient to use and 

economical. It should also be completely 

degraded during the repair process in order 

to allow for its replacement by new, healthy 

bone and act as a barrier against which the 

root canal obturating material can be placed. 

It should also be biocompatible, adhere to 

cavity walls an adequate seal, resistant to 

dislodgement, and have antimicrobial effect 

and the ability to set in the presence of 

blood. 
[12] 

      The present study was done to 

evaluate the push-out bond strength of two 

different commercially brands of MTA and 

Biodentine as root repair materials. The 

push-out test aimed to assess the bond 

strength of a restorative material to dentin. 

          Mineral trioxide aggregate (MTA), 

introduced by Torabinejad M in 1990 is a 

calcium silicate-based cement that is 

considered to be a predictable material for 

all dentinal defects. 
[13]

 Several studies have 

shown that B-type carbonated apatite 

formed by the cement-Phosphate buffered 

solution system deposited on collagen fibers 

promotes controlled mineral nucleation on 

dentin and triggers the formation of an 

interfacial layer with tag-like structures at 

cement-dentin interface. 
[14, 15] 

This 

biomineralization process could be 

responsible for the improvement in the 

marginal seal of MTA apical plugs after 

immersion in Phosphate Buffered Saline, 

which was previously observed by Martin et 

al. 
[16]

 MTA possesses an effective sealing 

ability, marginal adaptation and its retention 

characteristics increased from 24 to 72 

hours, regardless of the presence of 

moisture. 

   Despite the favorable properties of 

MTA, it has several drawbacks such as 

prolonged setting time, difficult handling 

characteristics and potential for 

discoloration. 
[13]

 Hence, to overcome the 

shortcomings and properties of MTA, new 

calcium silicate-based materials have been 

formulated. 

  Biodentine was introduced by Gilles 

and Oliver (2010) 
[17]

 that was specifically 

designed as a “dentine replacement” 

material. It is a fast-setting calcium silicate 

based restorative material that can be used 

as a coronal restorative material for 

perforation repair. 
[18] 

Just after mixing, the 

calcium silicate particles of Biodentine react 

with water to form hydrated calcium silicate 

gel that later polymerizes to form a solid 

network and the alkalinity of the 

surrounding medium increases due to the 

release of calcium hydroxide ions. It has 

good adhesive performance and also 

improved resistance to dislodging forces 

such as mechanical stress due to tooth 

function or operative procedures. 
[19]

 

According to clinical study by Kaubi et al 

(2012), the tolerance of Biodentine under 

posterior composite restorations showed that 

Biodentine was an efficient and well 

tolerated dentin substitute. 
[20] 

Atmeh AR, Chong EZ, et al (2012) 
[21] 

investigated the dentin cement interfacial 

interaction of calcium silicates and 

polyalkenoates and found that alkaline 

Biodentine induced a caustic denaturation 

and permeability of organic collagen 

compound of the interfacial dentine and 

showed the formation of intra tubular tags in 

conjunction with an interfacial mineral 

interaction layer that is referred to as 

“mineral infiltration zone”. The interfacial 

layer formed between dentine and 

Biodentine might be comparable to 
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interfacial layer formed between dentine 

and MTA. 

      Majeed A, AlShwaimi E et al (2017) 
[22] 

evaluated the Push-out bond strength and 

surface microhardness of calcium silicate-

based biomaterials and reported that 

Biodentine and Pro root MTA demonstrated 

similar but significantly higher bond 

strength values compared to Bio aggregate 

material in root dentin samples. 

     Biodentine also has a better sealing 

ability compared to Pro root MTA; this can 

be attributed to its ability to construct 

biomimetic remineralization and deposition 

of calcium phosphate on the surface 

suggestive of a high rate of calcium release 

with constant formation of apatite making it 

a scaffold for clinical healing. 
[23]

 

In the current study, the push-out 

bond strength of Biodentine was 

significantly higher when compared with 

MTA (Angelus) and Pro root MTA 

(Dentsply). These results are in conjunction 

with the findings of Gunesar M et al (2013) 
[24] 

and showed that the good adhesion of 

Biodentine to root canal walls is because of 

the finer particle size that enhances the 

infiltration of the cement into the dentinal 

tubules. To support this evidence, Kim et al. 

have shown that Biodentine caused 

deposition of ACP interfacial layered with 

radicular dentin and that the Ca/P ratio of 

this layer is comparable to MTA. 
[25] 

Therefore, Biodentine can be concluded to 

be better in terms of its bond strength to root 

dentin. 

 

CONCLUSION 

The present in vitro study concluded 

that 

1) Biodentine exhibited better push-out 

bond strength than MTA (Angelus) and 

Pro root MTA (Dentsply) 

2) There is no statistical significance 

between the push-out bond strength of 

MTA (Angelus) and Pro root MTA 

(Dentsply) 
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