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Abstract

Introduction: Furcal perforation is a common occurrence during endodontic treatment. Prompt intervention
and use of proper repair materials is very important to improve the prognosis of involved tooth. Material
qualities are also determining factor of success. Search for newer materials that are easy to manipulate, cost
effective with better physical and biological properties is a never ending process.

Methodology: Seventy six extracted human molars were perforated in furcation area and randomly divided into
four groups. Perforations in three groups of samples were repaired with MTA, Biodentine and bioactive bone
cement while as fourth group of samples was left unrepaired as control. Simultaneously samples were subjected
to dye leakage test and values calculated as absorbance units with spectrophotometer.

Result:  Results showed that bioactive bone cement is as good as MTA in terms of sealing ability while as
sealing ability of Biodentine is significantly better than both MTA and bioactive bone cement.

Conclusion: Bioactive Bone cement can be used as furcal perforation repair material in cases where easy
handling and quick setting of repair material is needed with satisfactory sealing quality.
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I.  Introduction

Maintaining the integrity of the natural dentition is essential for full function and natural esthetics.
Endodontic therapy can play a vital role in achieving this goal. Technical problems do occur occasionally during
endodontic treatment, one of which is perforation of the furcal wall. An endodontic perforation is an artificial
opening in the tooth or its root, created by clinician during entry to the canal system or by biological event such
as pathological resorption etc. resulting in communication between root canal and periodontal tissue [1]. Root
perforations are reported as second greatest cause of failure accounting for 9.62% of all unsuccessful cases [2].
Furcation perforation refers to a mid-curvature opening into the periodontal ligament space and is the worst
possible outcome in root canal treatment [3]. Favorable healing of periodontal tissue has been reported to occur
when defects were closed as compared to those left open [4]. The choice of sealing material is a crucial factor
that influences the outcome of treatment [5]. The most commonly used repair material are amalgam, resin
modified glass ionomer cement, calcium hydroxide, glass ionomer cement, composite resin, and MTA. Mineral
trioxide aggregate (MTA) is a biomaterial that has been investigated for endodontic applications since the early
1990s. Despite its many advantages, MTA has some drawbacks such as a long setting time [6], discoloration
potential [7] among others. So, efforts have been made to overcome these shortcomings, new calcium silicate
based bioactive restorative cement has been developed, namely Biodentine. Advantages of this material are
short setting time, high compressive and flexure strength [8], and color stability [9] along with ease of
manipulation.

Bone cement is a potentially new repair material that has been investigated in dentistry recently,
although it has been used in orthopedic surgery for past 40 years especially for fixation of implants such as
artificial hip joints with living bone. However, it lacks ability to directly bond with living body and hence needs
to be modified to incorporate bioactivity in bone cement. Bioactive Bone cement has many characteristics that
make it well suited as a repair material for variety of endodontic treatments [10]. The purpose of this study was
to evaluate the sealing ability of MTA, bioactive bone cement and Biodentine as furcation repair materials in
molar teeth using dye extraction leakage model.
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Il. Materials And Methods

Seventy six extracted human mandibular molar teeth with non-fused and well developed roots, no
caries or cracks were used in this study. Teeth were disinfected in 5% Sodium hypochlorite solution (Shivam
Industries, Jammu, India) for 30 minutes and stored in physiological saline until they were used in this study. A
standard endodontic access opening was prepared in all the teeth. Teeth were then decoronated 3 millimeters
above cemento-enamel junction using diamond disc under continuous water cooling. Similarly, roots were
amputated 3mm below the furcation. Sticky wax was placed over the orifice of each canal and the sectioned root
surface including the pulpal floor. Teeth were then coated with two layers of varnish (Pyrax, India) and
perforations made in furcation area. To ensure each perforation was centered between the roots, an indelible
black marker pen was used to mark the location of the perforation. A perforation of 1mm diameter was made
from external surface of tooth with number 2 round carbide bur (SS White, USA) mounted on high speed
handpiece with air water coolant. The chamber and perforation were then flushed with saline and air dried.
Specimens were randomly divided into four groups (n=19) according to the perforation material used:
Group 1: MTA group
Group 2: Bioactive bone cement group
Group 3: Biodentine group
Group 4: Control group

2.1Groupl: MTA Group

MTA powder (MTA Angelus, Brazil) was mixed with distilled water in a grainy consistency and
carried to perforation using messing gun and condensed flush to the pulpal floor with round condenser of
diameter slightly larger than the perforation diameter held from the furcation side to simulate the normal
periodontal tissue resistance against which repair material is condensed.

2.2Group 2: Bioactive Bone Cement Group

Both powder and liquid of bone cement (Surgical Simplex P, Stryker) were modified with MTA
powder and silane coupling agent (Ultradent Products Inc., USA) respectively to make bone cement bioactive so
as to be used as perforation repair material. 0.4mg of MTA powder was mixed with 0.6mg of bone cement
powder and thoroughly mixed until all MTA particles were uniformly distributed in polymer powder of bone
cement. 1 drop of silane coupling agent was added with 1ml of monomer liquid of bone cement and mixed till
two liquids were completely miscible. The modified powder and liquid were mixed together in the ratio of 2:1
under ambient conditions at room temperature. While in dough like consistency mixture was carried with a
plastic instrument into the perforation and condensed flush to the pulpal floor as in MTA group.

2.3Group 3: Biodentine Group:
Biodentine powder (Septodont, Saint Maur des Fosse's, France) was mixed with manufacturer provided
liquid as per manufacturers recommendations and condensed into perforations similar to MTA group.

2.4 Group 4: Control Group:

Perforations of control group samples were left unrepaired. After repair of perforations all the samples
were kept in an incubator for 72 hours at 37°C in such a way that all specimens were immersed in phosphate
buffered saline up to cemento-enamel junction. After three days specimens were washed with distilled water and
subjected to dye leakage testing. Each sample was placed in a separate Petri dish containing 2% methylene blue
for 48 hours in a way that all the teeth were immersed in dye up to the cemento-enamel junction for retrograde
dye challenge and dye was added to access chamber of each tooth so that it was filled for orthograde dye
challenge. After removal from the dye all the samples were thoroughly rinsed with tap water and varnish
removed with a polishing disc. Each tooth was placed in a vial containing 1000ul of concentrated (65wt %)
nitric acid for 3 days. The solution thus obtained, was centrifuged at 3500 rpm for 5 minutes. 100ul of the
supernatant was then analyzed in an ultraviolet-visible spectrophotometer (UV-1800, Shimadzu Scientific
Instruments, Japan) at 550 nm wavelength with concentrated nitric acid as the blank and reading was recorded
as absorbance units (AU).

I11. Results
SPSS (Version 16) and Microsoft excel software were used to carry out the statistical analysis of data.
Mean and standard deviations were calculated. For intra group analysis, analysis of variance (ANOVA) and
Least significance difference test (LSD) were employed. For intergroup analysis, Student’s independent t-test
was used. A P-value of less than 0.05 was considered statistically significant. The mean absorbance values of
experimental groups and controls in the current study showed that the control group (Group 4) in which
perforations were left unrepaired had the highest dye absorbance of all groups followed by bioactive bone
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cement and MTA while as Biodentine group showed least dye absorbance (Table 1). Statistical analysis showed
that the sealing ability of Biodentine was best among the three materials tested (Table 2) whereas sealing ability
of bioactive bone cement was similar to the MTA (P=0.696) as perforation repair material.

Table 1: Mean, Standard Deviation (SD) Values for Absorbance Units (AU) of four groups of materials

Group Mean | SD 95% Confidence Interval Minimum | Maximum | P-value (ANOVA)
Lower Bound | Upper Bound Median
MTA 0.22 0.043 | 0.198 0.239 0.20 0.16 0.29 <0.001 (Sig.)
BBC 0.24 0.049 | 0.215 0.262 0.23 0.16 0.32
Biodentine | 0.15 0.035 | 0.137 0.170 0.15 0.10 0.22
Control 0.88 0.086 | 0.838 0.920 0.87 0.71 1.07
Table 2: Comparison between individual groups
Comparison Mean Difference P value
MTA vs BBC -0.02 0.696
MTA vs Biodentine 0.064* 0.004
MTA vs Control -0.661* <0.001
BBC vs Biodentine 0.084* <0.001
BBC vs Control -0.641* <0.001
Biodentine vs Control -0.725* <0.001
*The mean difference is significant at the 0.05 level.

IV. Discussion

The principle goal of an endodontic therapy is to remove microbes and seal the root canal system
effectively. Inadvertent perforation interferes with this goal because of damage to the periodontal attachment
apparatus and subsequent bacterial proliferation. Perforations can be successfully managed with the use of a
nonsurgical coronal approach by immediate placement of the reparative material in the perforation to prevent
bacterial infection [11]. Long term success of a perforation repair is related to several factors among which the
foremost is the biocompatibility of the material and ability of repair material to provide an adequate seal. The
perforation of pulpal floor into the furcation area of posterior teeth may occur iatrogenically due to inadequate
knowledge of the pulp chamber anatomy, tooth malalignment or failure to consider anatomic variations. The
calcification of the pulp chamber as a consequence of aging, trauma or other irritants may increase the risk of
perforation during access and location of canal orifices. Non-iatrogenic causes of furcation perforation include
internal resorption and dental caries. Furthermore moisture, bleeding, unconventional access and a bottomless
cavity makes repair of perforation a complicated procedure.

Many techniques including dyes (India ink, methylene blue), chemical tracers, radioactive isotopes,
scanning electron microscopy and electrical conductivity have been used to test the sealing properties of
restorative materials both in vivo and in vitro. Dye penetration techniques have been most frequently used
methods to evaluate the sealing ability of dental materials since they are easy to perform and do not require
sophisticated materials. Dye-extraction provides more reliable results than dye penetration study because of its
ability to measures all of the dye taken up in the root. The dye-extraction technique is as good as fluid filtration
technique because it also takes into account all of the porosities of the interfaces between the filling material and
the root. In addition, both techniques are based on quantitative measurements of the passage of a liquid within
these interfaces. [12] In this study, perforation width was standardized with the diameter of a # 2 round carbide
bur [13, 14]. The depth of perforations that varied with the thickness of dentin and cementum in the floor of
pulp chamber was checked using a periodontal probe and if this was not within 1-1.5 mm range, the tooth was
excluded and new sample included. All surfaces were coated with varnish and canals were occluded with sticky
wax to ensure that dye penetration occurs only along the interface of repair material and dentine in perforation
defect.

MTA is a mixture of a refined Portland cement, bismuth oxide and gypsum and is reported to contain
trace amounts of SiO,, CaO, MgO, K,SO, and Na,SO, [15,16,17]. MTA has been extensively used as
perforation repair material due to its reported favorable sealing ability, biocompatibility and dentinogenic
activity [15]. However, its long setting time [6] along with sensitivity to excessive or deficient moisture affects
its setting and properties in detrimental way [18]. Discoloration of teeth restored with white MTA still seems a
problem in some clinical cases [7].Biodentine is a bioactive [19] dentine substitute specifically designed as a
“dentine replacement” material. The powder component of the material consists of tricalcium silicate, dicalcium
silicate, calcium carbonate and oxide filler, iron oxide shade, and zirconium oxide. Tricalcium silicate and
dicalcium silicate are indicated as main and second core materials, respectively, whereas zirconium oxide serves
as a radiopacifier. The liquid, on the other hand, contains calcium chloride as an accelerator and a hydrosoluble
polymer that serves as a water reducing agent [20]. It has also been stated that fast setting time [8], one unique
characteristics of the product, is achieved by increasing particle size, adding calcium chloride to the liquid
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component, and decreasing the liquid content. The setting period of the material is as short as 9-12 minutes.
This shorter setting time is an improvement compared to other calcium silicate materials. The material is
characterized by the release of calcium when in solution like MTA [21]. The third material used in the study to
repair furcation perforation was bioactive bone cement. Bone cement consists of polymethylmethacrylate
(PMMA) and methylmethacrylate (MMA) and is widely used for fixation in orthopedic fields but due to lack of
bioactivity a number of modifications have been used [22,23]. The essential requirement for an artificial
material to show bioactivity is the formation of a biologically active bone-like apatite layer on its surface in the
body environment [24]. Miyazaki et al have shown that apatite formation can be induced by release of calcium
ion (Ca®") from the modified bone cement into the body fluid and by a catalytic effect of Si-OH groups formed
on the surface of material [10]. Addition of MTA powder to bone cement acts as a source of calcium ions
whereas addition of silane to liquid component provides Si-OH group due to hydrolysis of alkyloxysilane after
exposure to the body environment that induces heterogeneous nucleation of hydroxyapatite. Addition of silane
also improves the mechanical properties of bone cement because chemical bonding can be formed with
polymerized MMA.

Bioactive bone cement showed equally effective sealing ability as MTA. This can be attributed to the
fact that on exposure to simulated tissue fluid, it gets covered with layer of apatite crystals which nucleate and
grow, filling the microscopic space between bone cement and the dentinal wall [10]. Being osteoinductive in
nature, it acts as a medium for crystal growth and nucleation. The exothermic reaction of
polymethylmethacrylate (PMMA) bone cement during its setting does not seem to have any negative effects due
to very small amount needed in perforation repair [25]. Also the slight expansion of MTA during setting [26]
counteracts any polymerization shrinkage of PMMA resulting in improved sealing of modified bone cement.
Biodentine showed the least microleakage in all the specimens of this study. Biodentine is calcium silicate based
cement that exhibits lower porosity than ProRoot MTA and has higher compressive strength [8][20]. Better
sealing ability of Biodentine may be attributed to firm attachment of apatite crystals to the underlying dentine
surface [27] and excellent adaptability of this material to the underlying dentine due to nanostructure and small
size of the forming gel [28].

V. Conclusion
Within the limitations of this study it can be concluded that the seal provided by bioactive bone cement
is as good as MTA. However, ease of manipulation along with low cost makes bioactive bone cement an
excellent alternative for repair of perforations.
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