
Stereomicroscopic evaluation of apical leakage after root canal obturation with zinc oxide eugenol sealer, resin and MTA
Introduction
After root canal preparation and chemical disinfection of the root canal system, the obturation procedure is needed to maintain healthy periradicular tissue with creation of hermetic seal at the apical terminus  (1). The obturation material should provide liquid tight seal and needs to penetrate into as many root canal system irregularities,  apical constriction and into discrepancies between the dentinal walls of the root canal system and obturation materials (2).  
Gutta-percha is the mostly used material as a solid, core filling material for canal obturation, because of its biocompatibility,  inertness, better sealing ability and the ability to do retreatment in case of endodontic failure (3). Despite these advantages, gutta-percha cannot chemically adhere to the root canal walls, and so it may produce the microbial leakage through the interface of root flling material and canal wall,  and so may initiate periradicular infection[4]. 
So, endodontic sealers are used to fill the voids between the gutta-percha and root canal walls. Gaps formation in the sealer may allow the leakage of bacteria and their byproducts, and so the success of treatment is compromised [5,6]. 
Generally, root canal sealers contain zinc oxide eugenol (ZOE), calcium hydroxide, resine, glass ionomer, silicone, bioceramics that  have been recommended, but till nowdays there is no ideal material (7).
Technology adhesive advances are intended to minimize apical leaks by complementing the bond between the obturation material and the root canal walls.
Among resine sealers, EndoREZ is known as the system that contains nonacidic, hydrophilic resin monomers in order to produce better sealer penetration into dentinal tubules after smear layer removal (8). Also, these selares have their advantages: less shrinkage, biocompatibility, radio opacity, low solubility, better periapical repair (9).
Another root canal sealer is ZnO sealer, which has a history of long-term clinical usage, because of its  good handling properties, no toxicity, good sealing ability, antimicrobial eficcassity, radio opacity, less solubility, and periapical repair (10, 11).
Being biocompatible and bioactive, recently  root canal sealers based on MTA gained popularity for their ability to regenerate periodontal ligament and form cementum in the root canal space and accessory canals (12, 13).
Regardless of variety  root canal filling materials used in endodontic therapy, endodontic failure may occure, due the persistent microbial infection (14).  
The factors that may cause apical micro-leakage may be the physical and chemical properties of the sealers, root canal preparation techniques, smear layer and obturation techniques (15).
To evaluate root canal filling materials ability to seal root canal system, among many methods used, linear dye microleakage technique is often used in endodontic studies (16, 17). 
So, the aim of this study was to evaluate the apical leakage after step back preparation technique, smear layer removal and root canal obturation with Canason, EndoREZ  and MTA.

Material and methods
As material for this study served 80 extracted single rooted human teeth.
Teeth were extracted for periodontal and orthodontic reasons. The crowns of the teeth were removed at cement-enamel junction. After this was determined root canal working length with no.15 K file (Dentsply Maillefer, Ballaigues, Switzerland) and at the moment that the tip of the file was seen at the apical foramen, it was subtracted back for 1 mm.  The root canals were instrumented according to step back technique, where as master apical file was used K-file #30  with which the root canals were recapitulated after each file used. Root canals were irrigated with 5.25 sodium hypochlorite and EDTA 17% for smear layer removal ( 5 ml).   
After this, samples were divided into three experimental groups with 20 teeth each according to root canal sealer, and in positive and negative control groups with ten teeth each.
The root canals of the positive control group were obturated will gutta-percha and no sealer,  while the root canals of the negative control group were obturated with gutta-percha and sealer.  
The root canals of first experimental group were obturated with Canason (Voco) sealer and lateral cold gutta-percha compaction. 
The root canals of second experimental group were obturated with EndoREZ (Ultradent Products, South Jordan UT, USA) and lateral cold gutta-percha compaction.
The root canals of third experimental group were obturated with ProRoot MTA (Dentsply, Maillefer, Switzerland) in combination with cold gutta-percha.
The filling of root canal with sealer was done with lentulo and then were fitted first master gutta-percha cone no. 25, to continue with lateral compaction by spreader, until the spreader cannot insert more than 3 mm in root canal.  After obturation all samples were sealed with temporary filling Cavit (3M ESPE, Seefeld, Germany).
After this procedure, samples were stored for 7 days in incubator at 37 grade celcius, until the sealers were set. After 7 days teeth were dried and coated with polish nail, leaving uncoated 2mm of apical region for samples of experimental groups. Only teeth from positive control group were let uncoated, and samples of negative control group were coated totally, to verify the investigation accuracy.
Apical sectors of all samples were emerged with 2% methilen blue for 48 hours (fig.1).
After this samples were washed with water, dried and longitudinally section with diamond disk.
Stereomicroscope (Brunel Microscope MX6T, Wiltshire, UK)  was used to determine the apical linear microleakage (fig.2, 3,4,5).
For this study, the results were statistically analysed in order to determine the arithmetic mean, standard deviation, standard error, and confidence interval with 95% reliability (95% CI).  The t-test served to evaluate and compare the dye leakage between experimental groups. A 0.05 level of confidence was used as the criterion for determining statistical significance.
Also, through regression logic analysis the probability level for microleakage occurrence was calculated.            

Results
After probability calculation, it was shown that probability for dye leakage after root canal preparation with step back technique, smear layer removal and root canal obturation with Canason was 99.55%, versus 93.85% for MTA and 85.07% for EndoRez sealer.
In table 1 are shown the mean values and standard deviations for dye microleakage of root canal sealers according to materials that were used for root canal obturation. The maximum value of dye leakage in samples filled with Canason paste in combination with lateral gutta-percha compaction was 0.44 mm, and minimum 0.03 mm.
The maximum dye leakage in root canals filled with MTA in combination with guttapercha compaction was 1.07 mm and minimum dye leakage value was 0.09 mm.
In experimental group filled with EndoRez paste in combination with lateral gutta-percha compaction was  1.01 mm and minimum was 0.00 mm.

In table 2 are shown the differences in the average values for dye leakage in experimental groups based on the materials that were used. 
In root canals filled with MTA in combination with lateral gutta-percha compaction dye leakage was significantly higher than group filled with EndoRez. It showed a greater difference in average dye leakage than in group obturated with EndoRez (average difference = 0.19 mm, 95% CI  0.004 to 0.38 mm, p < 0.001).
Dye microleakage was higher in group filled with MTA for 0.31 mm, versus group filled with Canason. The average difference of the MTA  group was greater than that of the Canason group (average difference = -0.31 mm, 95% CI -0.47 to -0.15 mm, p < 0.001).
For verification of study validity, all samples of the negative control group  showed no dye leakage, and all samples of the positive control group show dye leakage.

Discussion
Over the years, various techniques of root canal preparation and obturation have been developed and studied.
We choose step back preparation technique because the step-back preparation is superior to standardized serial filing and reaming techniques in debridement and maintaining the canal shape (18).
Connected to root canal obturation technique we decided for lateral gutta-percha condensation, because it is the most commonly used technique and is the standard against which other techniques that are judged or studied (19).
Among evaluation methods for quality root canal fillings, we decided for methylen blue leakage study, due to simplicity and sufficient data for linear dye penetration. According to Ballullaya at al. (2017), the methylene blu dye is used oftenly, due its good penetration and low molecular weight similar like bacterial toxins (20). 
In our study, in which samples were prepared with a step back technique and obturated with EndoRez sealer and ProRoot MTA the results of dye leakage were similar, although EndoRez showed slightly less leakage (0.26 mm, versus 0.34 mm). This may be explained to the fact that EndoRez sealer has hydrophilic nature create long resin tags with hybrid layer (21). Also, MTA cement after mixing becomes porous, which may contribute to apical leakage (22).
Results similar to our study showed Gillespie et al. who reported that EndoRez root canal sealer showed good sealing ability thanks to adhesive filling technique [23] and De-Deus G et al. who concluded less bacterial leakage in the period for nine weeks after root canal filling with gutta-percha and Endorez (24). Also, Tay et al.(25)  in their study reported that MTA showed similar leakage like resine root canal sealers, although these sealers does not bond to gutta-percha or root canal walls.
Even MTA according to many results was proven to have excellent sealing ability and biocompatibility (26) and it was suggested as material for obturating the entire root canal system (27), in our study ZOE canal sealer showed less apical methilen blue leakage compared to MTA, in contrary to other in vitro studies (23, 28, 29).  After comparation the sealing ability of MTA versus ZOE , Nikhade et al.(2017)  concluded that the single cone technique with MTA ensured better sealing ability than ZOE paste (30). In the study of Ballallaya et al. ZOE  as root canal sealer exhibited poor sealing and poor adhesion properties to root canal walls (20), although when it was placed in excellent dried root canal, the apical leakage was less (31), because there can not dissociate zinc eugenolate into zinc hydroxide and eugenol [32]. 
The differences in the results of upper mentioned studies and our study may be explained due the differencies in number of samples, methodology and the invasive method of root longitudinally sectioned during which the gutta-percha may be disconnected from the sealer, so the results may changed.
However, many other in vitro and in vivo investigation are needed, just to ensure  which root canal sealer exhibit better and long term favourable root canal prognosis.

Conclusions

Based on the results of this in vitro study, it may be concluded that:
· All root canal sealers in combination with lateral cold gutta-percha used in this study, showed apical dye leakage .
· EndoRez and MTA showed similar sealing ability.
· ZOE root canal sealers showed better sealing ability, compared to MTA and EndoRez sealer.
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