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BACKGROUND:-
Success of endodontic treatment mainly relies on the complete 
elimination of microorganisms and the three-dimensional sealing of 
the root canal system. In spite of new endodontic techniques and 
development of more effective materials and instruments, the 

1resolution of periapical lesion is not achieved in certain cases.

Saving the naturals is our prime concern, so this procedure is an 
alternative to avoid extractions. It is an important conservative 
treatment and an extension of endodontic therapy whose purpose is to 

2preserve the tooth.

Sometimes treatment of the periapical lesions through conventional 
endodontic therapy is not enough and a surgical endodontic 
interference is a mandatory therapeutic choice. The main surgical 

3intervention is the root tip resection and periapical curettage.

During the peri-radicular surgery, an exposure of apical dentin surface 
bounded by cementum usually results from the root end resection. For 
good bone regeneration and apical seal, the orthograde gutta-percha 
lling only is not sufcient. Application of a root end lling material 
after the root end resection and ultrasonic root end preparation is 

3recommended for enhancing a good apical seal.

Sealing ability means the ability of a material to resist the 
microleakage through its entire thickness. The leakage of irritant 
materials from the infected root canals into the peri-radicular tissues is 
the main cause for most endodontic failures; therefore, an efcient 

3apical seal is essential for enhancing endodontic success.

Achieving a dry apical eld is not always attainable during endodontic 
surgery. Clinically, it is predictable that the root end cavity 
preparations and lling materials will be contaminated by any 

1,4moisture, including saliva and blood.

In the recent years, various materials such as Bioaggregate, 
Biodentine, Geristore, Cemento Endodontico Rapido Cement, 

Endosequence Root Repair Material and Endocem have been 
introduced with the aim to full the requirements of an ideal root end 

1,5lling material.

Ideally, the root end lling material should be impermeable to 
moisture, antibacterial, noncorrosive, nontoxic, non-resorbable, easy 
to manipulate, radiopaque, costeffective, easily adaptable and 
adhesive to dentin. It should promote the regeneration of the 

5, 6, 7periodontal apparatus and should be biocompatible.  It should be 
able to create a 'biological seal' and 'physiological seal', thereby 

8creating a 'double seal'.

The root ends of the teeth could have variations in the root anatomy 
becoming the source of treatment failure. All these considerations 
make it mandatory to eliminate last apical three millimetres for 

9,10maximum security.

The plane of sectioning is equally important consideration in 
technique of root resection. 90° angulations has been proved to be most 

9 acceptable by earlier studies.

For making a root end cavity we can use various instruments like 
conventional slow speed hand pieces, high speed air rotary hand piece, 

9Sonics & ultra-sonics.

The depth of penetration should be ideally 3mm, as more than that does 
not bestow any greater benets, whereas lesser depth may jeopardize 

9,11the long-term success of the apical seal.

A variety of methods have been employed to assess the sealing ability 
of root end lling such as radioisotope penetration, degree of dye 
penetration, uid ltration techniques, electrochemical methods, 
bacterial penetration, scanning electron microscopy and capillary ow 
porometry. 

The dye penetration method used for measuring sealing ability is the 
most popular. Various dyes that can be used are India ink, basic 

1,12fuchsin, silver nitrate, methylene blue and Rhodamine B.
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ABSTRACT
Aim: The aim of this in vitro study was to compare and evaluate the microleakage of Biodentine and Geristore root end lling materials in dry, 
saliva and blood contaminated environment using uorescent microscope.  After removing the anatomical crowns of ninety Materials & methods:
extracted human maxillary central incisors, their root canals were instrumented and obturated. The apical 3 mm of each root was resected, and a 
standardized root end cavity was prepared using a # 8 round bur. The roots were alienated into three equal subgroups for each material and the root 
end lling was performed in different environments namely dry, saliva contaminated, and blood contaminated. Samples were immersed in 0.2% 
Rhodamine B dye for 48 hrs. Roots were sectioned longitudinally and examined under a uorescent microscope to measure the linear dye 
penetration.  Geristore showed higher microleakage compared to Biodentine in dry (0.47±0.516), saliva (1 ± 0.65) and blood (1.27 ± 0.59) Results:
sub-groups. Statistically no signicant difference was seen between the Biodentine and Geristore groups in dry sub group (p=0.52), in saliva sub 
group (p=0.45) and in blood sub group (p=0.054).  Microleakage was observed in both the tested groups. Biodentine exhibited the Conclusion:
least apical leakage value, while Geristore exhibited the maximum apical leakage value. Statistical signicant difference was seen between dry and 
blood subgroup in Geristore group, whereas there was no signicant difference between any subgroups in Biodentine group. 

KEYWORDS
Biodentine, Geristore, Root end lling material, Rhodamine B dye.
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Hence in the present in vitro study we aimed to compare and evaluate 
the microleakage of Biodentine and Geristore root end lling materials 
in dry, saliva and blood contaminated environment using Rhodamine 
B dye penetration method and measured by uorescent microscope.

METHODS:-
Collection of samples: 
The ethical clearance was obtained from the ethical committee, 
Navodaya Dental College, Raichur. A total of ninety maxillary central 
incisors was extracted for periodontal reasons were taken from 
Department of Oral and Maxillofacial Surgery, Navodaya Dental 
College, Raichur. The roots were cleaned of attached tissues and 
calculus, washed, debrided with 5.25% NaOCl and then stored in 
normal saline until use.

Preparation of samples: 
The crown was sectioned at the cementoenamel junction using a 
diamond disc under constant water irrigation to a standardized length 
of 15 mm. The working length was determined and the canals were 
prepared using K-les and apical enlargement of each canal was 
carried out to a #35 K le, 0.5 mm short of working length and the rest 
of the canal was ared using step back technique to #50 K le. The 
canals were copiously irrigated with 5.25% NaOCl and normal saline 
at regular intervals.

After the preparation, root canals were thoroughly dried with paper 
points and obturation was done with lateral compaction technique 
using gutta percha and AH Plus sealer. The access cavity was 
subsequently etched, primed and lled with composite. The teeth were 
placed in a microbiological culture incubator at 37°C and 100% 
humidity for 5 days to simulate the oral environment.

Root end resections was performed by sectioning the apical 3 mm of 
the apex at a 90° angle to the long axis of the root using a straight ssure 
bur in a high speed handpiece under water spray. Root end cavity of 3 
mm depth was prepared by using no #8 round bur with slow speed 
contra angle hand piece.

The prepared teeth were randomly divided into two equal experimental 
groups (group 1 & group 2) of 45 teeth each. Each group was further 
divided into three subgroups (A, B and C). The root end lling 
materials were mixed according to manufacturer`s instructions and 
cavities in subgroup A, B and C were lled with dry, saliva and blood 
contaminated environment respectively.

Saliva was obtained from one of the colleagues and collected in a 
container. Blood was obtained using 27G needle from one of the 
colleagues, immediately before root end lling. 

Group 1 Biodentine Group: 
Biodentine was used as root end lling material. It was manipulated 
according to the manufacturer's instructions. Capsule was gently 
tapped and opened. Then it was placed on the capsule holder. 5 drops of 
liquid was poured into the capsule from the single dose container. Then 
the capsule was closed and placed in an Amalgamator and mixed for 30 
seconds. Material was carried to the prepared cavity with an Amalgam 
carrier.

Group 2 Geristore Group: 
Geristore was used as a root end lling material. It was manipulated 
according to the manufacturer's instructions. Mix Geristore initiator A 
and shade B in equal parts. Apply to the area to be restored and it can be 
light-cured or selfcured. The samples were incubated for 24h at 37°C 
and 100% humidity. Then, all tooth surfaces were coated by two layer 
of nail varnish except for the area corresponding to resected root end 
surface. 

Dye penetration method: 
A 0.2% solution of Rhodamine B dye was prepared by dissolving 0.2g 
of dye in 100ml of distilled water. All the samples were suspended in 
dye solution for 48 hours. Thereafter, the samples were removed, 
rinsed for 15 minutes under running tap water and air dried. 

Nail varnish was removed with scalpel and the roots were grooved on 
the lingual and buccal surfaces down to the gutta percha and were 
sectioned into two parts. Dye penetration was measured linearly to its 
furthest extent coronally within the root end cavity using a uorescent 
microscope. 

36Scoring for dye penetration for apical microleakage is as follows:
0 -  No dye penetration.
1 -  Dye penetration into apical one third of retrograde lling material.
2 -  Dye penetration into apical middle third of retrograde lling 

material.
3 -  Dye penetration into full length of retrograde lling material.
4 -  Dye penetration beyond retrograde lling material.

Statistical analysis: 
Data was entered in the excel spread sheet. Descriptive statistics like 
mean, standard deviation and percentages was calculated. Inferential 
statistics like ANOVA with post hoc Bonferroni was used to compare 
the Biodentine and Geristore root end lling materials in dry, saliva 
and blood environment using SPSS (statistical Package for Social 
Sciences) version 20.(IBM SPASS statistics[IBM corp. released 
2011].

RESULTS:-
Table 1: Comparison of the mean scores of microleakage in 
Biodentine group using ANOVA

Table 1 shows the comparison of the mean scores of microleakage in 
Biodentine group. Microleakage scores were similar in blood 
subgroup (0.80 ±0.676) and saliva (0.80±0.775) followed by dry 
subgroup (0.40±0.507). ANOVA test showed no statistical signicant 
difference among the subgroups (p=0.17).

Table 2: Comparison of the mean scores of microleakage in 
Geristore group using ANOVA

*signicant
Table 2 shows the comparison of the mean scores of microleakage in 
Geristore group. Microleakage scores were higher in blood subgroup 
(1.27±0.594) followed by saliva subgroup(1.00±0.655) and dry 
subgroup(0.47±0.516). ANOVA test showed statistical signicant 
difference among the subgroups (p=0.002).

Table 3: Post-Hoc Bonferroni

*signicant
Post-hoc Bonferroni test was applied to compare the subgroups within 
the group. Statistical signicant difference was seen between dry and 
blood subgroup (p=0.002) in Geristore group, whereas there was no 
signicant difference between any subgroups in Biodentine group.

Table 4: Comparison of Biodentine and Geristore with subgroups 
using independent sample t test

Table 4 shows comparison of Biodentine and Geristore with 
subgroups using independent sample t test. Geristore showed higher 
microleakage (0.47 ±0.516) compared to Biodentine (0.4±0.507) in 
dry subgroup. Similarly Geristore showed higher microleakage in 
saliva (1±0.65) and blood(1.27±0.59) subgroups. 

Statistically no signicant difference was seen between the Biodentine 
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Biodent
ine

N Minim
um

Maxi
mum

Mean Std.
Deviation

F value P value

Dry 15 0 1 0.40 0.507 1.82 0.17
Saliva 15 0 2 0.80 0.775
Blood 15 0 2 0.80 0.676

Geristo
re

N Mini
mum

Maxim
um

Mean Std.
Deviation

F value P value

Dry 15 0 1 0.47 0.516 7.12 0.002*
Saliva 15 0 2 1.00 0.655
Blood 15 0 2 1.27 0.594

Biodentine Geristore
Mean diff p value Mean diff p value

Dry v/s Saliva -.400 .316 -.533 .053
Dry v/s Blood -.400 .316 -.800 .002*
Saliva v/s Blood 0 1 -0.267 0.67

N Min Max Mean Std 
Deviation

Mean 
diff

Pvalue

Dry Biodentine 15 0 1 0.4 0.507 0.067 0.52
Geristore 15 0 1 0.47 0.516

Saliva Biodentine 15 0 2 0.8 0.775 0.162 0.45
Geristore 15 0 2 1 0.655

Blood Biodentine 15 0 2 0.8 0.676 0.733 0.054
Geristore 15 0 2 1.27 0.594
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and Geristore groups in dry subgroup (p=0.52), in saliva 
subgroup(p=0.45) and in blood subgroup(p=0.054).

DISCUSSION:-
Most of the tribulations in endodontics are resolved using 
conventional treatment approach. However, in certain conditions such 
as, large periapical lesions, separated instruments in the canals, apical 
variations, improper obturations, calcied canals and dilacerated roots 

36etc., surgical intervention may be necessary.

The goal of a periradicular surgery is to gain access to the affected area, 
evaluate the root circumference and root canal anatomy and place a 
biocompatible seal in the form of root end lling that stimulates the 

17regeneration of periodontium.

This involves the exposure of the involved root apex, resection of its 

apical end, root end Class 1 cavity preparation and insertion of an 
29appropriate root end lling material.

The post-surgical healing of periradicular tissues depends upon the 
removal of all the irritants from the area surrounding the apex and 
stopping the entry of the newer irritants into the area. The root end 
lling material serves as a barrier for the possible irritants against re-
entering into the periapical region. Gartner and Dorn suggested that an 
ideal root end lling material should provide a three dimensional seal 

27to prevent leakage of microbial irritants into the periapical tissues.

Mjör et al. showed that in root end resection at least 3 mm of the root 
end must be eliminated to reduce 98% of the apical ramications and 
93% of the lateral canals and that perpendicular resection minimizes 

35the number of exposed dentinal tubules.

Root end resection can be done at different plans i.e., 30°, 45°, 90°. 
Among these the most accepted is 90° as it least affects the adaptability 
of root end materials, others have a disadvantage as they may lead to 
open dentinal tubules, more mechanical stresses, loss of dentine – 

11cementum bone which may lead to compromised healing.

The depth of penetration ideally should be 3 mm as more than that does 
not have any greater benets whereas lesser depth may have negative 
effect on the long-term success of apical seal. Depth to an optimum of 
3mm decreases the leakage. This is attributed to the occlusion of apical 
tubules by retro lling material. Hence the depth of retrograde cavities 

11in this study was kept to an optimum of 3 mm.

Solubility is a very important factor in assessing the suitability of 
potential substances to be used as restorative materials in dentistry. 
Lack of solubility has also been stated as an ideal characteristic for root 
end lling materials. It seems logical that lesser leakage would prevent 

28migration of bacteria and toxins into the periradicular tissue.

A number of materials have historically been used for retrograde lling 
and perforation repair such as Gutta-percha, amalgam, Cavit, IRM, 
Super-EBA, glass ionomer, composite resin, carboxylate cements, 
zinc phosphate and zinc oxide eugenol cements. Due to some 
disadvantages Gutta-percha, amalgam, GIC, composite resin were not 
used nowadays as Gutta-percha has a poor sealing ability as it has to be 
used with a sealer during obturation and amalgam has other 
disadvantages like marginal leakage, secondary corrosion, moisture 
sensitivity and safety issues due to mercury toxicity are not used as 
aretrograde lling material. Considering the bond strength of 
polycarboxylate and Cavit, they are inferior to amalgam. 
Unfortunately, none of these materials have been able to satisfy all the 

8requirements of root end lling materials.

New experimental active Ca3 SiO5-based restorative cement is 
introduced by name of Biodentine™ (Septodont, Saint-Maurdes-

25Fosses, France).  It uses novel active biosilicate technology to ensure 
superior mechanical properties.9 It is available in the 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 to increase its setting time. Both of them are 
mixed in triturator for 30s prior to insertion. It sets in about 12 min. The 
consistency of Biodentine is similar to that of phosphate cement. It is a 
calcium silicate-based material used for crown and root dentin repair 
treatment, repair of perforations or resorptions, apexication and root 
end llings. With the addition of setting accelerators and softeners 

25made its manipulation easy.

Biodentine has lesser setting time as compared to MTA which 
improves its mechanical properties and it is a bioactive material. Han 
and Okiji compared Biodentine and MTA in terms of Ca and Si uptake 
by adjacent root canal dentine and concluded that tag-like structures 
are formed in Biodentine. They observed that dentinal element uptake 

8was more prominent for Biodentine than MTA.

Al-Sabek et al. (2005) reported that human gingival broblasts 
preferentially attached to Geristore with a morphology close to that of 
the controls, in comparison to the other rootend lling materials. 
Furthermore, Camp et al. (2003) evaluated the quantitative attachment 
of human periodontal ligament broblasts to different root end lling 
materials and showed that cellular attachment to Geristore was 
signicantly higher than MTA, with an increase in cell count probably 

16due to the proliferative effect of Geristore on the cells.
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Various techniques have been advocated for detection and evaluation 
of micro leakage around the root end lling material. Use of dyes as 
tracers is one of the oldest and most common method of detecting 

25microleakage.

The dye-immersion technique was introduced by Grossman in 1939 
and is widely used because it is easy to perform, reproducible, safe, 
inexpensive, quantiable and dyes are readily available. This 
technique is a passive method that depends on the phenomenon of 
capillarity, whereby the dye penetrates any space between the root end 
lling and the canal wall. According to Torabinejad et al. (1994) a 
lling material able to resist the penetration of small molecules such as 
dye, would have the potential to resist the penetration of larger bacteria 
and their by-products. It is important to use a tracer that mimics the 

7clinical situation.

Rhodamine B an organic dye compounded by a red-violet powder is 
classied as a Xanthenic dye. It presents greater diffusion on human 
dentin than methylene blue. According to Franci, the molecules of 
rhodamine B are nanometric and are optimal to simulate enzymes and 

29toxins of leakage resulting from bacterial metabolism.  It is water 
soluble uorescent dye which is easily detectable, even in a low 
concentration, moves freely along the interface, low toxicity and are 
stable in an aqueous environment, stable in varying pH, non-

25destructive to the substrate or material in contact.  Rhodamine B 
presented more penetrability in apical dentin and such nding could be 
related to the greater facility of visualization when compared to 
methylene blue. Corroborative results were found by Hamaoka, 
Moura (1996) and Souza (2004). When comparing several tracer 
solutions in the apical region, they observed that rhodamine 

12demonstrated higher leakage.

A controversial topic in the literature is the moment at which the 
specimens should be immersed in the dye solution. In the present 
study, immediate immersion was selected based on the fact that in the 
clinical situation the root end material will be in contact with secretions 

12like blood soon after their insertion in the cavities.

In the present study both the tested material showed micro leakage 
whereas Biodentine showed the least micro leakage compared to 
Geristore root end lling material. The result of this study are also 
concurrent with the study done by Kokate et al, who compared the 
microleakage using MTA, GIC & Biodentine using dye penetration 
method under stereomicroscope. The results of their study showed that 
there was signicantly less leakage in Biodentine when compared to 
MTA & GIC. A study conducted by Ankita Khandelwal et al, compared 
the sealing ability of MTA and Biodentine as root end lling material 
using Rhodamine B dye. In this study also Biodentine showed 
signicantly less microleakage than MTA which is in agreement with 

11the present study.

In case of contaminated environment like dry, saliva and blood, 
Biodentine material showed least microleakage in dry(0.4±0.507) 
whereas there was comparatively highest microleakage was noticed in 
saliva(0.8±0.775) and blood(0.8±0.676), Geristore material showed 
highest micro leakage in dry (0.47±0.516), saliva (1±0.655) and blood 
(1.27±0.594).[Table 4]. But no statistical signicance difference 
among Biodentine subgroups (P=0.17) [Table 1] whereas statistical 
signicant difference was noticed in Geristore subgroups (P=0.002) 
[Table 2].

In the present study, least microleakage was seen in Biodentine which 
can be owed to its property of having excellent marginal adaptation 
and sealing ability. Biodentine shows absorption of dihydrogen 
monoxide during hydration of the powder leading to expansion during 
setting which may be the reason for excellent sealing ability.

CONCLUSION:-
Microleakage was observed in both the tested groups. Biodentine 
exhibited the least apical leakage value, while Geristore exhibited the 
maximum apical leakage value. Statistical signicant difference was 
seen between dry and blood subgroup in the Geristore group, whereas 
there was no signicant difference between any subgroups in the 
Biodentine group.
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