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Abstract
Aim: The aim of this in-vitro study was to compare the sealing ability of three different materials in the repair of 
Furcation Perforation- an invitro study.
Materials and Methods: This study was conducted on 45 recently extracted human molars. Standard access 
cavity preparation was made and intentional furcation perforations were made with a round bur centered 
between roots and perforations were treated with Pro Root MTA, Biodentine and Angelus Bio C Repair. The 
teeth were divided randomly into three groups each containing 15 teeth each. The perforations were sealed as 
follows: Group A with Pro Root MTA, Group B with Biodentine, Group C with Angelus Bio C Repair. The 
specimens were then be immersed in 2% methylene blue dye for 24 hours. After their removal, all the specimens 
were longitudinally sectioned and dye penetration were evaluated under the stereomicroscope (20x 
magnification).
Statistical Analysis: The Intergroup comparison of mean dye penetration score was compared using the ANOVA 
and pairwise comparison was done with Turkey post hoc test.
Results: The findings suggested that Bio- C Repair had better sealing ability than Pro Root MTA, Biodentine 
when used as a furcation perforation repair material.
Conclusion: The sealing ability of Bio- C Repair is best when used as a furcation perforation repair than 
Biodentine and Pro Root MTA and showed significant results.
Keywords: Sealing ability, Pro Root MTA, Biodentine, Angelus Bio C Repair, dye penetration, furcation 
perforation, Methylene Blue, Stereomicroscope.
---------------------------------------------------------------------------------------------------------------------------------------
Date of Submission: 11-07-2025                                                                           Date of Acceptance: 21-07-2025
---------------------------------------------------------------------------------------------------------------------------------------

I. Introduction
Success of endodontic treatment depends on the removal of infected canal contents followed by root 

canal filling using a material of adequate compatibility1. Occasionally mishaps occur during endodontic 
treatment and one among them is perforation of root canal wall which can have a significant impact on the 
prognosis of the root canal treatment2. Furcation perforation refers to a mid-curvature opening into the 
periodontal ligament space and leads to worst possible treatment outcome3. According to Seltzer, perforations 
were the second greatest cause of failure in endodontic therapy4. Ideally to prevent the bacterial contamination, 
perforations should be repaired as quickly as possible with a biocompatible material5.

An ideal perforation repair material should be biocompatible and provide an adequate seal, not affected 
by blood contamination, bactericidal, induce bone formation healing, radiopaque, induce mineralization and 
easy in manipulation,placement and not be extruded during condensation6. Several materials have been 
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proposed for the sealing of perforations, which includes Zinc oxide eugenol cement, superortho ethoxy benzoic 
acid, intermediate restorative material, glass ionomer cement, resin cements, resin modified glass ionomer 
cement, Mineral Trioxide Aggregate. However, the divergent outcomes have demonstrated that so far- no 
material has satisfied all the ideal requirements7.

ProRoot MTA is a biomaterial that has been investigated for endodontic applications since early 
1990s8. Despite its many advantages, it has some drawbacks such as a long setting time, manipulation problems 
and discoloration potential as compared to others9.Various efforts have been made to overcome these 
disadvantages, new calcium silicate-based bioactive restorative cements have been developed, namely 
Biodentine. Advantages of this material are short setting time, high compressive and flexural strength, and color 
stability along with ease of manipulation10.

Recently, Bio-C Repair (Angelus, Brazil, Londrina), a new ready-to-use bioceramic was introduced to 
endodontics in threaded syringe, it offers handling and insertion improvements, collaborating with the practice 
and saving time.The materials are chemically stable and helps in increasing fracture resistance, exhibit good 
radiopacity, excellent sealing ability, are easy to handle, have a high pH and do not undergo resorption11.

The purpose of the present study was to evaluate the sealing ability of ProRoot MTA, Biodentine, and 
Bio- C Repair when used as furcation perforation repair materials in molars teeth using dye penetration method 
analyzed under the stereomicroscope.

II. Materials And Methodology
45 Sound human extracted molars were taken and the samples were randomly divided into different 

groups each containing 15 teeth with minimal and no caries, restoration, and fracture. The samples with cracks, 
open apices, root caries, and evidence of pathologic resorption were also excluded from the study. Then all the 
samples were disinfected in 5% sodium hypochlorite solution for 30 min and stored in physiological saline.

Preparation Of the Samples
All of the samples had a standard access cavity prepared with a round diamond bur and with a high-

speed handpiece and water spray irrigation followed by perforations that were made in the middle of the pulp 
chamber floor with a # 2 round carbide bur. The perforation was standardized in all samples to the diameter of 
1mm. The chamber and perforation were flushed with saline and air dried.

Perforation Repair
The samples were randomly divided into three groups each group containing 15 teeth according to the 

perforation material used for furcal repair.

Group 1: Pro Root MTA Group
Group 2: Biodentine
Group 3: Angelus Bio C Repair

After sealing the perforations on all of the samples, the access cavities were sealed with composite and 
they were kept in incubator for 24 hours at 37 degrees Celsius to allow the materials to set.
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Figure 1: (A) Preparation Of Samples Figure (B) Standard Access Cavities
(C) Artificial Perforation Createdfigure  (D) Perforation Repair Done And Orifices Sealed With Sticky 

Wax

Dye Penetration
To prevent the dye from permeating, experimental samples were uniformly coated with two layers of 

nail varnish except for 2 mm around the area of the perforation site and the apices of the teeth was sealed using 
sticky wax. Sticky wax was also placed over the orifice of each canal. All of the samples were immersed in a 2 
% methylene blue solution for 24 hours at room temperature. Samples were then removed from the dye and 
rinsed under tap water for 30 seconds and then air dried, all the samples were directly sectioned buccolingually 
in longitudinal direction by using a diamond disc along with a water coolant. The sectioned samples exhibited 
the material between the two walls of perforation with one end towards the pulp chamber and the other end was 
towards the furcation. The perforation wall of the sectioned sample with more dye penetration was selected for 
the microleakage evaluation.

In each section, the actual value of dye leakage was calculated from outer margins of perforation cavity 
to the level of pulpal floor. The sectioned halves were evaluated for dye penetration under stereomicroscope 
(20x magnification).

Figure 2: (A) Stereomicroscopic Image Showing The Dye Penetration Of Pro Root Mta (B) 
Stereomicroscopic Image Showing The Dye Penetration Of Biodentine (C) Stereomicroscopic Image 

Showing The Dye Penetration Of Bio- C Repair
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III. Results
The microleakage for study groups was evaluated and results obtained were subjected to statistical 

analysis. The depth of dye penetration was evaluated using scoring criteria given by Saunders et al. (Table 1).

Table 1: Scoring Criteria
Groups No. Of 

Specimens
0

(No Leakage)
1

(<1mm)
2

(1-1.5mm)
3

(>1.5mm)
Proroot Mta 15 0 4 5 6
Biodentine 15 3 2 9 4

Bio C Repair 15 3 5 7 0

Table 2:  Descriptive Analysis
Pro Root Mta Biodentine Bio - C Repair

Mean 1.38 0.96 0.666
Standard Deviation 0.476 0.570 0.632

Minimum 0.5 0 0
Maximum 2 1.6 1.5

Count 15 15 15

Table 3: Anova Test
Source Of 
Variation

Ss Df Ms F Value P-Value

Between 
Groups

3.86044 2 1.940 6.054 0.004

Within Groups 13.3453 42 0.321
Total 17.20574 44

Table 4: Post Hoc Test
Groups P Value Significance

Pro Root Mta Vs Biodentine 0.014519 Yes
Pro Root Mta Vs Bio C Repair 0.00208 Yes

Biodentine Vs Bio C Repair 0.386658 No

Using one-way analysis of variance (ANOVA), it was revealed that there was a statistically significant 
difference between the groups, p < 0.004 for microleakage evaluation.The mean values of microleakage, 
according to the dye penetration test for all the three study groups were calculated. The maximum mean was 
found to be in Group I -Pro Root MTA followed by Group II -Biodentine and least in Group III-Bio C Repair 
which shows the least microleakage.

There was significant difference (p < 0.05) in mean microleakage evaluation values between Group I -
Pro Root MTA and Group II -Biodentine, tested using independent sample t test. There was no significant 
difference between mean microleakage evaluation between Group II- Biodentine and Group III -Bio C Repair 
(Table 3 and 4).

On individual comparison of the mean difference between all three groups using Tukey’s post hoc test 
it was observed that a statistically significant difference in the dye penetration values was found between 
Groups I and Group II, Group I and Group III. But no statistically significant difference was observed in dye 
penetration values in Group II and Group III. However, in some samples of Group III, it was observed no 
leakage clinically.

IV. Discussion
ProRoot MTA is a mixture of a refined Portland cement, bismuth oxide, and gypsum and is reported to 

contain trace amounts of SiO2, CaO, MgO, K2 SO4 and Na2 SO412. ProRoot MTA is used in variety of 
endodontic applications such as pulp capping, perforation repair, apexification, apexogenesis, root end filling 
material and pulpotomy due to its unique feature of antibacterial nature, good compressive strength (67Mpa), 
biocompatibility, more radiopacity then conventional gutta-percha and dentin and thus easily distinguishable on 
radiographs, better sealing ability due to its slight expansion upon setting13.

The results of our study showed that Group I -ProRoot MTA is difficult to handle due to its granular 
consistency, slow setting time (2 hrs45 min), initial looseness resulting in possible displacement out of the 
cavity once the mixture starts to dry it loses its cohesiveness and becomes hard to handle, surface disintegration 
which may lead to micro leakage, loss of marginal adaptation and altered microhardness of dentin.

According to our study the microleakage showed by Group I -Pro Root MTA was maximum, 
followed by Group II -Biodentine and the least microleakage was shown by Group III -Bio C Repair.The 
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same results were achieved by Ankita Khandelwal et al when they have compared these two same groups i.e. 
Group I- Pro Root MTA,Group II-Biodentine as taken in our study14.

Similarly in contrast to our study, Ovsay et al evaluated the microleakage of repair materials of 
furcation perforation and the results showed Pro Root MTA as the most successful in terms of better sealing 
ability than Biodentine15.Also, Hassan et al concluded that Pro Root MTA and Biodentine performed equally 
well as furcation perforation repair material which was in contrast to our study as there was significant 
difference between Group- I Pro Root MTA and Group – II Biodentine16.

The results of our study showed that the mean dye penetration values were found to be significantly 
lesser for Group II-Biodentine than Group I -Pro Root MTA. The probable reasons could be Biodentine 
forms tag like structures when it comes in contact with dentine as an interfacial layer called the “mineral 
infiltration zone”, where the alkaline caustic effect of calcium silicate cements hydration products degrades the 
collagenous component of interfacial dentine. It is available in form of powder and liquid. Powder is composed 
of tricalcium, dicalcium silicate, calcium carbonate, zirconium dioxide. In liquid calcium chloride is added in 
aqueous solution in increase its setting time. This Biodentine has to be triturated for 30 s prior to insertion. The 
setting time is about 12 min17.

Hanand Okiji et al showed that there is calcium and silicon ion uptake in dentine which leads to 
formation of tag - like structures in Biodentine which was higher than Pro Root MTA18. Better sealing ability of 
Biodentine can be credited because of addition of setting accelerators and softeners; a new pre-dosed capsule 
formulation for use in mixing device improves its sealing ability.  Biodentine has better handling properties thus 
adaptation to cavity walls is better which improves its sealing ability. It has fast-setting time (12min) thereby 
sealing the interface earlier to increase the amount of micro leakage and bacterial contamination. According to 
Raskin A et al, it has smaller particle size which adapts to cavity surface sealing its interface. Porosity and pore 
volume in set Biodentine material is also less than MTA that could be one of the reasons for better sealing 
ability19.

Although Biodentine have above discussed advantages but it has its limited radiopacity, more 
solubility and the difficulty of attaining the desired or optimized consistency which led to the introduction of 
Bioceramics20.Bioceramics consist of calcium silicates, calcium phosphate, calcium hydroxide, zirconium oxide, 
tantalum oxide, putties, and thickeners21. The distribution and particle size of tricalcium silicate powders affect 
handling and setting properties, since smaller particles can penetrate dentin tubules, leading to quicker 
hydration22. According to Ghilotti J et al zirconia oxide, used as a radio-opacifier, was detected at high levels in 
Bio-C Repair23.

Bioceramic cements present potential bioactivity, that is, the capacity to produce hydroxyapatite, 
influencing the connection between dentin and filling material24. These materials are chemically stable, may aid 
in increasing root fracture resistance, exhibit good radiopacity, have a high pH, are easy to handle, and do not 
undergo resorption. Moreover, these materials interact with stem cells from periapical tissues, producing a 
biological seal, and inducing the repair process25. Recently, Bio-C Repair (Angelus, Londrina, Brazil), a new 
ready-to-use bioceramic material, was introduced to endodontics in a threaded syringe, which offers handling 
and insertion improvements, collaborating with the practice and saving time. This material has similar 
cytotoxicity, biocompatibility, and biomineralization properties to MTA High Plasticity and white MTA26.

The result of our study showed that the mean value of microleakage showed by Group II -Biodentine 
was more than that showed by Group III -Bio C Repair but statistically both the groups showed insignificant 
results.

In the present study Group III -Bio C repair has the best results when used as a furcation perforation 
repair compared to Group I -Pro Root MTA and GroupII -Biodentine because of following reasons. It is a 
bioceramic reparative material ready to use. It is hydrophilic so it absorbs moisture from the environment and 
starts the setting process and it sets usually in 120 minutes. It is non- toxic as it does not contain heavy metals 
and has average particle size 2 microns which leads to greater reactivity and accelerates the healing process.  It 
contains silica nanoparticles and particles are very close to each other allowing greater cohesion of the cross 
link of the phases formed during the hydration process: hydrated calcium silicates and calcium hydroxide 
particles, making it best material used for furcation perforation repair. It leads to more release of calcium ions 
which stimulates tissue regeneration and healing, more deposition of hydroxyapatite crystals, chemical adhesion 
to dentin which prevents less bacterial infiltration and leakage. It has zirconium oxide as radio-opacifier rather 
than bismuth oxide so it does not stain and has high radiopacity.

V. Conclusion
The results of the study obtained after evaluation and comparison of the sealing ability of Pro Root 

MTA, Biodentine and Bio C Repair under the stereomicroscope, it can be concluded that:
a)Bio C Repair is better alternative than Biodentine and Pro Root MTA when used as a furcation perforation 

repair material.
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b)The lowest mean value of microleakage was shown by Bio C Repair, followed by Biodentine and Pro Root 
MTA which shows that Bio C Repair had the best sealing ability as compared to other materials used in the 
study.

c)The highest value of microleakage was shown by Pro Root MTA when compared to Biodentine and Bio C 
Repair.

d)Though Bio C Repair and Biodentine showed no statistically significant results but mean value of 
microleakage was found more in Biodentine than Bio C Repair.

e)On comparison of Pro Root MTA with Biodentine and Pro Root MTA with Bio C Repair, the results were 
statistically significant.
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