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Abstract

:

The long-term success of root canal treatment requires the prevention of bacterial leakage between canal walls and root canal obturation. In this study, we compared the leakage of Enterococcus faecalis in thirty single-rooted mandibular premolars divided into three groups. The roots in two experimental groups were obturated using a single-cone obturation technique with two different bio-ceramic sealers (MTA Fillapex and CeraSeal) while the roots in the conventional group were obturated using the lateral condensation technique with an epoxy resin sealer (AH Plus). A bacterial leakage test was carried out using a modified microbial leakage model. In the MTA Fillapex group, 30% of the specimens showed a positive sign for bacterial leakage, while 80% of samples in the CeraSeal group leaked. In the AH Plus group, 50% of specimens had bacterial leakage in the canals. The variation of the average number of days between the groups was not found to be significantly different. Taken together, bio-ceramic sealers with single-cone obturation demonstrated comparable results to the resin-based sealer with lateral condensation technique in terms of sealing efficiency against Enterococcus faecalis. Additionally, MTA Fillapex could provide a better sealing ability than CeraSeal bio-ceramic sealer.
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1. Introduction


In endodontics, a successful treatment plan requires strict control to avoid bacterial leakage during root canal treatment (RCT). However, bacteria can still survive after chemo-mechanical procedures and root canal filling. The root canal system is considered a three-dimensional (3D) apparatus. It is composed of the main canal and many lateral canals with ramifications, isthmuses, loops, deltas, and dentinal tubules. Therefore, cleaning and shaping should be accomplished in a 3D manner to ensure the penetration of irrigants into all the pulp tissues and bacteria in the complex root anatomy [1]. In addition, endodontic infections are considered polymicrobial [2]. Recent studies revealed that the leading cause of endodontic treatment failure and persistent root canal infections is the presence of several bacterial species, prominently Enterococcus faecalis (E. faecalis) [3]. Infection may happen due to bacterial leakage through the gaps between the endodontic sealers and either the gutta-percha or the internal canal wall [4].



To tackle this issue, several types of sealers with multiple chemical compositions, such as calcium hydroxide, zinc oxide, glass ionomer, and resin sealers, are used nowadays in endodontics [5]. Resin-based sealers have been the most used sealers for many years due to their easy handling, good wettability, dentinal tubule-penetrating properties, and potential to form a monoblock between the filling material and dentinal wall. The monoblock phenomenon indicates the formation of a single cohesive bond between the core material, sealing agent, and root canal dentin [6]. However, if misused, they might have some shrinkage during setting and form voids, which might increase the possibility of microbial leakage [7,8].



Significant efforts were made to achieve successful RCT using the latest revolution in root canal-sealing materials. Bio-ceramic sealers were introduced and attracted many clinicians’ attention owing to their biocompatibility and alkaline pH. Bio-ceramic sealers are also considered bio-active and non-toxic [9]. An example of a bio-ceramic sealer is MTA Fillapex (Angelus, Londrina, Brazil). MTA Fillapex is characterized by a high flowability rate.



Moreover, MTA Fillapex permeates quickly through the lateral and accessory tooth canals as it has a minimal film thickness. Notably, MTA Fillapex includes salicylate resin in its chemical composition for its bio-compatible and antimicrobial properties [10]. Another clinical advantage of MTA Fillapex is its low solubility and expansion as well as its high radiopacity and cementum regeneration with good sealing [11]. The calcium ion (Ca2+)-releasing ability of MTA Fillapex is a useful tool that assists in tissue regeneration and healing processes. MTA Fillapex also has excellent antibacterial properties due to its high pH (9.5–10.4) [12]. Another example of a Ca2+ silicate bio-ceramic sealer is CeraSeal (META BIOMED, Cheongju, Korea). CeraSeal provides an antimicrobial effect and high bio-compatibility due to its high pH (12.73). In addition, it has an excellent radiopacity (8 mm Al), provides good sealing ability, and can be used with single cone obturation [13], which employs a single gutta-percha cone, while the sealer thickness inside the canal mainly depends on the adaptation of the single gutta-percha cone to the canal walls [14]. This technique has become more popular among practitioners owing to its ability to complete RCT in a short time and with good results [15].



Recent literature has reported on the sealing ability of the relatively new bio-ceramic sealers [16]. The main mechanism involves tricalcium silicate and dicalcium silicate particles which, when in contact with humidity, develop Ca2+ silicate and Ca2+ hydroxide needles in the hydrate phase, which slowly release Ca2+ and hydroxyl (OH−) ions in the presence of phosphate-containing fluids. This will allow the Ca2+-deficient apatite to precipitate via the establishment of an initial amorphous Ca2+ phosphate [16,17,18]. Additionally, Ca2+ silicate hydrates release OH− and Ca2+ ions, when in contact with human fluids that contain phosphates, which results in the formation of hydroxyapatite [19].



The antimicrobial capabilities of sealers used in endodontics were examined in previous studies. Yet, little information was provided regarding the comparison of the MTA Fillapex and CeraSeal sealers and their sealing efficiency against E. faecalis. Consequently, the present study aimed to compare E. faecalis leakage in single-rooted teeth obturated with two different bio-ceramic sealers and single-cone techniques when compared to a resin-based sealer and lateral condensation technique.




2. Materials and Methods


2.1. Sample Preparation


The preparation of samples was performed according to Celikten et al. with slight modifications [20]. In our study, the criteria of the included teeth were teeth with closed apices and without any evidence of resorption, fractures, caries, previous endodontic treatment, or abnormal anatomy. Hence, any tooth that did not fulfill these criteria was excluded from the study. The teeth were stored in a 10% formalin solution for approximately two weeks before the beginning of the study for teeth preservation. Then, digital periapical radiographs were taken in facial and proximal views for each tooth to confirm the presence of a single straight canal. Each tooth was decoronated with a diamond fissure bur (final length: 14 mm ± 1) below the level of the cemento-enamel junction. Canal patency was confirmed by fitting size 10 and 15 K-files (Dentsply Maillefer, Ballaigues, Switzerland) to the apical foramen, and all teeth were sterilized in an autoclave [20].



The root canals were shaped with a sequence of ProTaper Gold NiTi Rotary Files (Dentsply Maillefer, Switzerland) using an X-Smart Endodontic Rotary Motor (Dentsply Sirona, NC, USA). The motor was set at 300 rpm and had a torque of 3/Nm (according to the manufacturer’s instructions). Glyde gel (Dentsply Maillefer) was used during root canal preparation. A glide path was accomplished with the ProGlider file (Dentsply Maillefer; 0.16/0.02) along the working length. Root canals were instrumented tothe WL using the following file sequence: SX (0.19/0.04), S1 (0.18/0.02), S2 (0.20/0.04), F1 (0.20/0.07), and F2 (0.25/0.08), respectively, according to the manufacturer’s recommendations. A patency K-file size of 10 was used between each rotary file. Sodium hypochlorite (NaOCL, 2.5%) was used as an irrigant with a syringe and a 25-gauge needle. To maintain the apical patency, a size 10 K-file was passed through the apex, and to remove the smear layer, the canal was rinsed with 3 mL of ethylenediaminetetraacetic acid (EDTA, 17%) (Produits Dentaires, SA, Vevey, Switzerland) for 1 min, followed by a final rinse with normal saline for 30 s. Finally, sterile paper points of size F2 (0.25 mm tip) were used to dry the canals before the obturation procedure [20,21].



All teeth were randomly divided into 3 groups, 2 experimental groups and 1 conventional group (n = 10). Gutta-percha (size F2) master cones (TiaDent Inc., Houston, TX, USA) were disinfected by NaOCL (2.5%) for one minute followed by ethyl alcohol (70%). The obturation procedure was performed in aseptic conditions. Sealer placement was standardized using a 1 mL syringe to dispense 0.05 mL of sealer inside each canal without any additional sealer usage [22]. In group 1, MTA Fillapex bio-ceramic (MF) sealer was used for obturation of the root canal using a single gutta-percha cone. In group 2, CeraSeal bio-ceramic (CE) sealer was used for obturation of the root canal, similar to the previous group. Group 3 is the conventional (CO) group in which AH Plus (Dentsply Maillefer, Ballaigues, Switzerland) was used for obturation using a finger spreader by the lateral condensation technique. Excess gutta-percha was removed using a heated plugger. All specimens were stored in an incubator in 100% humidity at 37 °C for 7 days to allow the complete setting of the sealers.




2.2. Bacterial Leakage Testing


The bacterial leakage model preparation and leakage test were performed according to the protocol by Yanpiset et al. [23]. Briefly, root surfaces in all tested groups were sealed with two layers of varnish, except the apical 2 mm. A cut microcentrifuge tube was used for each obturated root, approximately 5 mm of the root obtruded through the cut end, while nearly 9 mm was in the tube. A cyanoacrylate adhesive (3m Super Glue Gel, 3m Company, Maplewood, MN, USA) varnish was used to seal the gaps between the tube and the root, and an autoclave was implemented for sterilization. Brain heart infusion (BHI) broth (Difco Laboratories, Detroit, MI, USA) was sterilized in a glass bottle. The microcentrifuge tube was then placed into the glass bottle. Approximately 2 mm of the root tip was immersed in BHI broth using aseptic techniques (Figure 1). One assembled model was incubated for 24 h at 37 °C to affirm the sterile condition.



A reference strain of E. faecalis (ATCC 29212) was cultured on BHI agar plates, and isolated colonies were suspended in 3 mL BHI broth media and incubated overnight at 37 °C. The broth was adjusted to 0.5 McFarland (corresponding to 1 × 108 CFU). The upper chamber was filled with 400 μL of E. faecalis broth and incubated at 37 °C. The viability of E. faecalis was supported by changing the culture media every 48 h under aseptic conditions. The bacterial leakage was checked every 24 h by monitoring any sign of turbidity over a period of 60 days. Gram staining and bacterial culture were carried out from turbid media to identify E. faecalis, and the time-to-leakage (days) was recorded and verified for each sample.




2.3. Scanning Electron Microscopy (SEM)


Two samples from each group were randomly selected and evaluated using SEM. Samples were sectioned horizontally into three parts with double-face diamond discs (KG Sorensen, Ind. Com. Ltd.a.; Barueri, Sao Paolo, Brazil) into coronal, middle, and apical parts, no polish was applied. After an initial room temperature fixation process using glutaraldehyde solution in a concentration of 2.5%, the sections from each root were dehydrated using ethanol in ascending concentrations. Afterward, the sections were coated with gold using a sputter coater following the mounting step on metallic stubs (Quorum, Q150R ES, Lewes, UK). In this study, an SEM instrument (Emcrafts, Gyeonggi-do, Korea) was used for the inspection of the sections at ×500, ×1000, and ×2000 magnifications. Samples were inspected blindly in a qualitative manner.




2.4. Statistical Analysis


Data were assembled, organized, and statistically analyzed using GraphPad Prism 5 software (GraphPad Software, Inc., La Jolla, CA, USA). In this study, the numerical values were displayed as arithmetic means ± the standard deviations (SDs). The normality of the data was checked using a Shapiro–Wilk test and significant results showed that the data were not normally distributed in MF and CO groups. Hence, the inferential analysis of the data by a non-parametric test was selected. To compare the variation of means between the groups, a Kruskal–Wallis test was utilized followed by Dunn’s post hoc test. All p-values less than 0.05 were considered statistically significant.





3. Results


The three tested groups showed different results of bacterial leakage, however, none of the groups prevented bacterial leakage completely. Table 1 shows the results of bacterial leakage for each group after exposure to E. faecalis over a period of 60 days and the average duration (days) until bacterial leakage. The lowest number of leaked samples was detected in the MTA Fillapex (MF) group (30%), while the highest numbers of leaked samples were detected in the CeraSeal bio-ceramic sealer (CE) group (80%) and the AH Plus (CO) group (50%). No significant difference was detected among the study groups (p = 0.0609).



The results of the average number of days until bacterial leakage are demonstrated in the survival curves of the three tested groups (Figure 2). The MTA Fillapex (MF) group had an average of 47 days (SD = 20.9) and showed the longest time until bacterial leakage. The CeraSeal bio-ceramic sealer (CE) group showed the fewest number of days until bacterial leakage among all groups with an average of 25.3 days (SD = 20.3). The AH Plus (CO) group had an average score of 45 days (SD = 20.9).



The SEM micrographs revealed the sealer gaps among the tested groups from a qualitative analysis of the bacterial leakage after 60 days. The MTA Fillapex bio-ceramic sealer (MF) with the single-cone technique had a better adaptation to the root canal wall as shown in Figure 3A–C. This was followed by the AH Plus sealer (CO) with the lateral condensation techniques shown in Figure 3G–I. Finally, the CeraSeal bio-ceramic sealer (CE) with the single-cone technique showed the least adaptation to the root canal wall at the sealer–dentin interface, as shown in Figure 3D–F.




4. Discussion


One of the most common causes of endodontic therapy failures is bacterial leakage and ineffective eradication of microorganisms from the root canal system. Many variables could affect the leakage, such as the obturation techniques, the properties of the sealer, and the presence of a smear layer [24]. However, complete bacterial removal is not always feasible. Complete sealing is necessary to avoid the entrance of microorganisms from the oral cavity into the root canal system. During obturation, sealers are used to fill the spaces between the core material and the dentin wall. Moreover, they fill lateral canals and/or any canal irregularities [25]. Bio-ceramic sealers have potential importance in clinical practice due to their sealing ability, biocompatibility, hydrophilic nature, antibacterial property, bio-activity, and easy delivery which enhance their promising characteristics in the endodontic field.



The bacterial leakage model method was used in this study to evaluate and compare the sealability of two bio-ceramic sealers: MTA Fillapex and CeraSeal, using the single-cone technique and comparing them with the conventional resin sealer AH Plus while using the lateral condensation technique as a benchmark. The results showed that there were several differences in the percentage of samples with no leakage. Within the limitations of this technique [26], our study reported that the CeraSeal group had the highest number of leaked samples (80%) followed by the AH Plus group (50%), and the MTA Fillapex group had the least amount of non-leaked samples (30%). However, no significant difference was detected among the tested groups.



The better sealing ability of MTA Fillapex sealer may be due to its high flow rate (27 mm) and low film thickness, so it easily penetrated the lateral and accessory canals, regardless of the obturation technique or obturation temperature. Moreover, MTA Fillapex has excellent antibacterial properties due to the high pH (9.5–10.4) for extended antibacterial action and the tendency toward keeping the Ca2+ release relatively constant for up to 14 days. Moreover, MTA Fillapex has an extremely low solubility (0.1%) that prevents its erosion with time unlike the other sealers [27]. MTA Fillapex can expand and boost its sealing performance over time, especially if 17% EDTA was used as a final irrigant, as it helps the smear layer fuse to the MTA Fillapex sealer mass and adds volume to the sealer that will penetrate the dentinal tubules [28]. In addition, during the setting reaction of MTA Fillapex, it hydrates inorganic oxide components, which creates Ca2+ hydroxide and Ca2+ hydrate phases, forming a covalent bond with the amino group, which results in the expansion of the sealer and improves the overall sealing ability [29,30,31].



Furthermore, previous studies showed that bio-ceramic sealers do not shrink during the setting process since they do not contain any monomers, providing a good seal between the sealer and the canal walls [32]. These findings worked with Asawaworarit et al. [33], who concluded that MTA Fillapex showed fewer leaked samples when compared with AH Plus over a period of 60 days, although there is no significant difference among the groups. This was confirmed by SEM photographs, which found more adaptation of MTA Fillapex to the root canal wall under all magnifications.



AH Plus is an epoxy resin sealer with proper flowability and viscosity, which may help provide a higher degree of penetration. It etches the dentinal surface, exposes collagens, and results in a more efficient attachment to the dentinal walls [34]. Remy et al. [35] compared the marginal matching of MTA Fillapex, AH Plus, and Endofill. They showed that the greatest marginal matching capacity was shown with AH Plus, followed by Endofill and MTA Fillapex. The lowest microleakage of the AH Plus sealer may be due to its better marginal matching, better tubular penetration, and weak acidity [36,37].



The difference between our study and that of Remy et al. [35] may be due to the results provided by Rifaat et al. [28], who stated that the best bond strength can be achieved by using 7% maleic acid as the final irrigant for the best bonding results with AH Plus sealer, while the final irrigant in our study was EDTA, which was proven by Rifaat et al. [28] to give the best bonding results with MTA-based sealers. AH Plus has superior penetration into the micro irregularities that increases the mechanical interlocking between the dentin and the sealer because of its great capacity to creep and the long setting time unlike other bio-ceramic sealers which creates a chemo-mechanical bond with the root dentin [35,36,37,38]. That may be because of the hydrophobicity and the likelihood of shrinkage for AH Plus. The gutta-percha/AH Plus sealer interface is highly hydrophobic [39,40], and while the dentin is hydrophilic, the dentin/sealer interface is rather hydrophilic, creating gaps that act as major pathways of leakage. This was confirmed by SEM photographs which showed the adaptation of AH Plus sealer to the root canal wall under all magnifications when used with the lateral condensation technique.



Previous studies showed that the dentin–sealer gaps with bio-ceramic sealers are smaller than those with epoxy resin-based sealers. Properties such as shrinkage resistance, insolubility in the oral fluids, and hydrophilicity can help in gap formation reduction with bio-ceramic sealers. Attributable to the features and composition of bio-ceramic sealers, they can also produce Ca2+ hydroxide and hydroxyapatite, which can ensure an excellent bond to both the dentinal walls and the obturating core material [41,42]. Therefore, voids act as a reservoir for the bacteria and microorganisms, resulting in microleakage and jeopardizing the long-term success rate of root canal treatment.



CeraSeal is a premixed Ca2+ silicate-based sealer. According to the manufacturer, this sealer consists of Ca2+ silicates, zirconium oxide, and thickening agent and has a superior antimicrobial effect and high volumetric stability. It is claimed that it can be used with single-cone obturation due to expansion and hermetic sealing [43]. Surprisingly, although CeraSeal is a Ca2+ silicate-based bio-ceramic sealer, in the present study, 80% of the samples leaked over a period of 60 days. However, although this group had the most leaked samples, we must keep in mind that only two samples leaked within the first 7 days. This result may be due to the washout effect of the sealer. The washout effect is a phenomenon in which the resistance to the outflow decreases with the volume flowing through it [44]. This was confirmed by SEM photographs, which showed the least adaptation of CeraSeal sealer to the root canal wall under all magnifications when used with the single-cone technique.



Portland cement is the major component of MTA. It is used as a binder in concrete. Ca2+ silicate-based cements (the main component of the Portland cement in MTA) exhibit an increase in washout resistance after adding carboxymethyl chitosan or gelatin to their components [40]. The manufacturer added a thickening agent to the CeraSeal sealer to improve the washout effect of the sealer. Moreover, the Ca2+ silicate produces Ca2+ silicate hydrate gel and Ca2+ aluminate hydrate gel by absorbing the moisture from all the surrounding tissues in the root canal system and some crystallization of Ca2+ hydroxide according to the manufacturer. All these factors may contribute to CeraSeal sealer’s increased viscosity and decreased flowability. Currently, it is well understood that the differences in the format, filler content, and/or thickening agents may cause differences in physical and chemical properties as well [45]. Hence, its samples showed the highest number of leakages in our study.



Several factors, including the physical properties of the materials (such as film thickness, wettability, and flowability), the anatomical variations of the root canal system, and the obturation technique, might affect the degree of microleakage [46,47]. The obturation techniques used in this study were the single-cone technique with the bio-ceramic sealers and the lateral condensation technique with the AH Plus sealer. Bio-ceramic sealers are advised to be used with a heat-free obturation technique to avoid them hardening quickly. This was tested by Abdellatif et al. who used a modified obturation technique with bio-ceramic sealers and revealed that a greater penetration into the dentinal tubules is associated with the non-heating of the apical area using this new technique [48].



Neither technique can provide obturation free of voids [49]. Elshinawy et al. [50] recommended the usage of bio-ceramic sealers with a single-cone technique due to the slow setting time of the bio-ceramic sealers, which may allow more time for expansion, hence pushing the sealer toward the dentinal walls of the root. That may accentuate the single cone obturation technique’s superior sealability. This was confirmed by SEM results of the adaptation of AH Plus sealer to the root canal wall.



More studies [51,52] found that bio-ceramic sealers ended up with smaller gaps than epoxy resin-based sealers. Hydrophilicity, insolubility, and unshrinkable nature in oral fluids can help in producing fewer and smaller gaps with bio-ceramic sealers. The inherent compositional properties of bio-ceramic sealers produce Ca2+ hydroxide and hydroxyapatite, guaranteeing an outstanding bond between the sealer and both the dentin walls and the filling material. The AH Plus sealer, however, achieved the highest bonding strength results with cold lateral compaction compared with the single-cone technique [53]. This may be explained by the pressure provided by the spreaders over the master and accessory cones. It can create lateral and apical forces and can help the sealer interlock with the dentinal tubules and/or irregularities. On the other hand, the single-cone technique generates mainly apical forces. This was confirmed by SEM results with the least adaptation of CeraSeal sealer to the root canal wall.



Wang et al. [54] stated that regardless of the kinds of sealer or obturation techniques used, the penetration of dentinal tubules of the root canal increased in the apico-coronal direction due to the increased removal of the smear layer in the upper-middle part of the root canal. In fact, the degree of sealer adhesion to the dentinal walls depends on the dentin surface energy, surface tension and wettability of the sealer, and the cleanliness of the dentin surface.



Hence, the different results in our study may be due to the different materials, different obturation techniques, or the anatomical variations of the root samples used. Future studies should include larger samples and reproducible methodologies to ensure the same results.




5. Conclusions


Within the limitations of this study, bio-ceramic sealers with single-cone obturation showed comparable results to the resin-based sealer with the lateral condensation technique in terms of sealing efficiency against E. faecalis. In addition, MTA Fillapex bio-ceramic sealer could provide a better sealing ability than CeraSeal bio-ceramic sealer.
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Figure 1. Modified bacterial leakage test model. 
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Figure 2. (A) The survival curves of the 3 tested groups expressed in the number of incubation days before bacterial leakage. (B) A scattered dot plot for the average days till the bacterial leakage in each sample in all groups. The dotted line represents the mean of each group and error bars represent the SD (MF: MTA Fillapex, CE: CeraSeal bio-ceramic sealer, CO: AH Plus). 
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Figure 3. Scanning electron microscope micrographs after 60 days showing the sealer/dentin interface at magnifications of ×500, ×1000, and ×2000, respectively, for the tested groups. (A–C) Different magnifications of the MF group showing MTA Fillapex with the best adaptation at the root canal dentin-sealer interface (blue arrows). (D–F) Different magnifications of the CE group showing CeraSeal bio-ceramic sealer with marked interfacial gaps at the root canal dentinal wall/sealer interface (blue arrows). (G–I) Different magnifications of the CO group showing AH Plus with good adaptation with minor interfacial gaps at the root canal dentinal wall/sealer interface (blue arrows). 
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Table 1. The results of bacterial leakage over a period of 60 days and the average duration (days) until bacterial leakage.
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Group

	
Percentage of Leaked Samples (%)

	
Average Days (SD)

	
p-Value






	
MTA Fillapex (MF)

	
30%

	
47.0 (20.9)

	
0.0609




	
CeraSeal sealer (CE)

	
80%

	
25.9 (20.3)




	
AH Plus (CO)

	
50%

	
45.2 (20.9)
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