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SUMMARY/RESUMEN 

 

Título: Los nuevos cementos selladores hidráulicos en endodoncia 

 

Introducción: En los últimos veinte años los cementos selladores basados en 

cementos de silicato tricálcico han sido introducidos en el mercado para la 

obturación ortógrada del sistema de conductos radiculares. Estos cementos 

selladores basados en silicatos (CSBS) han demostrado excelentes resultados en 

ambientes húmedos, ya que tienen una gran biocompatibilidad al inducir la 

formación de tejido duro cuando entran en contacto con los fluidos tisulares. La 

presente tesis doctoral tiene por objetivo investigar las ventajas potenciales de 

estos nuevos materiales a través de un estudio ex vivo y de uno in vivo. 

 

Hipótesis: ¿Pueden los CSBS afectar al pronóstico de los retratamientos 

endodónticos? ¿Pueden los CSBS afectar al pronóstico de los tratamientos de 

conductos radiculares (RCT) primarios o secundarios? 

 

Objetivos: Evaluar el retratamiento de dientes obturados con un CSBS (estudio 

ex vivo) y evaluar el pronóstico del RCT realizado con un CSBS (estudio in vivo). 

 

Metodología: 

1. En el estudio ex vivo se instrumentaron 36 premolares mandibulares y se 

distribuyeron de forma aleatorizada de la siguiente manera: grupo BR y 

BR* = obturados con CSBS y retratados después de un mes y de un año 

de almacenaje, respectivamente; y grupo AH = obturado con un cemento 

sellador resinoso (RBS) y retratado después de un mes de almacenaje.  
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Los especímenes retratados se seccionaron longitudinalmente y se 

examinaron bajo el estereomicroscopio (SM). Las microfotografías 

obtenidas se procesaron mediante el software Image J para evaluar la 

cantidad de material de obturación remanente en el conducto radicular 

y en especial en el tercio apical. También se analizó la capacidad para 

llegar a la longitud de trabajo (WL), si se consiguió permeabilidad o no y 

el tiempo que se tardó en completar el retratamiento. Se aplicó el test de 

ANOVA y el post hoc de Bonferroni (p < 0.05). 

2. En el estudio in vivo 69 pacientes se dividieron de forma aleatorizada en 

dos grupos, según la técnica utilizada: técnica de cono único (SC) en el 

grupo BIO group y técnica de condensación vertical de la gutapercha 

(WVC) en el grupo PSC group. Asimismo, dos subgrupos (BIOAP y PCSAP) 

contenían los casos de periodontitis apical (AP).  

Cuatro residentes en endodoncia realizaron los casos bajo un protocolo 

de instrumentación y desinfección estandarizado. Se analizaron los 

resultados mediante el índice periapical (PAI) y se evaluaron los 

resultados clínicos y radiográficos en los meses uno, tres, seis y doce. El 

éxito del tratamiento fue evaluado de acuerdo con la curación periapical 

y la supervivencia dental. Se aplicaron, según el caso, el test de igualdad 

de proporciones, el t-test para la igualdad de medias y el test no 

paramétrico K-sample para la igualdad de medianas. 

 

Resultados principales: 

1. En el estudio ex vivo se consiguió permeabilidad y llegar a la longitud de 

trabajo de todos los dientes. El porcentaje medio de material residual fue 

estadísticamente significativo entre los grupos BR y BR* (p-valor = 0,048). 

Además, el tiempo medio para completar el retratamiento fue 

significativamente menor para el grupo AH, seguido del grupo BR (p = 

0,0001) y el BR* (p = 0,0078). 
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2. En el estudio in vivo el índice de supervivencia fue similar para los grupos 

BIO y PCS (p = 0,4074) y para los BIOAP y PCSAP (p = 0,9114). Asimismo, 

el índice de éxito fue superior para los grupos BIO, aunque sin diferencias 

estadísticamente significativas (p = 0,0735). Una disminución progresiva 

en el índice PAI fue observada en los dos grupos (BIOAP y PCSAP).  

 

Conclusiones: 

1. El cemento sellador CSBS evaluado pudo ser removido con éxito de todos 

los conductos radiculares con anatomía sencilla. 

2. Las dos técnicas demostraron éxito clínico a los doce meses de evaluación 

y obtuvieron un porcentaje de éxito clínico y radiográfico similar. 
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INTRODUCTION  

 

Obturation is the last step of root canal treatment. Once the disinfection 

and instrumentation phases are completed, the prepared space is filled and 

sealed. It has been shown that is not possible to sterilize the root canal space or 

to completely remove the bacteria biofilm from it; for this reason, the purpose 

of a root canal filling is to enhance the disinfecting procedure by sealing the 

space, thus ensuring that residual microorganisms cannot proliferate and reach 

the periradicular space (1). The final part of the treatment procedure is the 

coronal restoration, which should be done as soon as possible, following the 

obturation of the root canal/s, to obtain a hermetic seal of the tooth as a whole.  

Over time, different products and techniques have been developed to 

maximize the properties of the materials used for endodontic obturation (2).	The 

original idea behind the modern standard for root canal filling was to use a core 

material in association with a sealer. The main core material that has been used 

over the years is gutta-percha (GP) (3). A traditional root canal filling thus 

comprises a standard GP cone combined with a sealer, which has the role of 

filling the spaces left between the GP and the dentinal walls, sealing the 

anatomical space.  

Over the past 50 years, a range of endodontic sealers have been introduced 

to the market and used. These include sealers based on a mix of chloroform and 

GP, zinc oxide–eugenol, calcium hydroxide, silicon, glass ionomer cements (GIC), 

and epoxy or methacrylate resins (2–4).	 	Since they fill the empty spaces left 

between the wall of the endodontic space and the gutta-percha, sealers are 

supposed to help prevent microbial leakage. However, traditional sealers do not 

bond to the core material, leaving gaps, when the sealer shrinks on setting, that 

can be infiltrated by bacteria (3,5–12). In addition, they tend to wash out in the 

presence of tissue fluids (3,5–12).	Therefore, in order to achieve a hermetic seal 

over time, sealers need to be applied in the form of as thin a film as possible. 	
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In the 1960s, Schilder tried to improve the obturation techniques used at the 

time (13), because	he recognized that one of the problems of obtaining a three-

dimensional filling of the endodontic space was the discrepancy between the 

rounded shape of the core material used (GP) and the oval shape more 

commonly found in  the canals. This discrepancy made it hard to use a thin layer 

of sealer, which was often vulnerable to shrinkage and wash-out. Following these 

considerations, and based on a deep study of the thermal properties of gutta-

percha, Schilder introduced a method for heating GP so that it was pliable and 

able to flow into the irregular areas of the canals, keeping the amount of sealer 

as thin as possible (14,15).	Although widely employed, this technique has not 

been proved to overcome completely the weaknesses of the original single-cone 

(SC) or lateral condensation techniques. The rationale is that, once the heated 

GP cools, it may shrink even more than the sealer does on setting (16,17). In 

addition, the combined shrinkage of the GP and sealer (rather than the sealer 

alone) may result in a gap between the two materials, increasing the 

consequences of the absence of a bond.	 Indeed, over the years, numerous 

studies have shown no particular benefit in sealing the root canal with this warm 

vertical compaction method (WVC) compared with the traditional lateral 

compaction or the single cone techniques (18,19).		

Furthermore, considering that the warm vertical compaction system 

advocates a continuous flared preparation of the root canal space, it has recently 

been shown that large tapered instruments can produce micro-fractures in the 

root (20–24). This happens mainly when associated with a thinning of the root 

dentin, which has already weakened the tooth by exposing it to potential 

fractures (21,23,24).	Finally, traditional sealers suffer from the humid conditions 

present in the endodontic space, which can influence their setting properties.		

To overcome this last drawback, Torabinejad et al.,  in the 1990s introduced 

to the market the “mineral trioxide aggregate” (MTA), a Portland-based cement, 

with the purpose of obtaining an adequate seal of the root canal spaces over 

time, even when the environment is wet (25).	MTA was initially proposed for 
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root-end fillings, for sealing endo-perio communications, and for vital pulp 

therapy.	 MTA performs in unfavourable conditions thanks to the following 

properties:	

ü hydrophilicity 

ü bioactivity 

ü biocompatibility 

However, despite the innovative role represented by MTA in the endodontic 

field, together with its main advantages, a few drawbacks, including tooth 

discoloration and a long setting time have created some concerns, and products 

with similar characteristics have been investigated to improve its properties. 

BiodentineTM is a similar compound, first introduced to overcome these 

limitations, followed by other so-called bioceramic cements (26,27). Bioceramics 

are ceramic materials specifically designed for use in medicine and dentistry. 

They can be classified as:  

ü Bioinert, as they do not interact with biological systems. 

ü Bioactive, as they can undergo interfacial interactions with the 

surrounding tissue.  

ü Biodegradable, soluble, or resorbable, because they can be replaced or 

incorporated into tissues. 

Endodontic bioceramics are not sensitive to moisture and blood contamination 

(27–32); they are dimensionally stable and expand slightly on setting (28,30–35). 

When set, they are hard and insoluble, and therefore ensure a superior long-

term seal. Thanks to the hydration reaction that forms calcium hydroxide, and 

the subsequent dissociation into calcium and hydroxyl ions (28,31,36), 

bioceramics develop a pH above 12 upon setting. During the setting phase, the 

materials develop antibacterial properties while, when fully set, they are 

biocompatible and bioactive. Bioactivity develops when these cements, upon 

coming into contact with tissue fluids, release calcium hydroxide, which interacts 

with phosphates to form hydroxyapatite (36).	This latter property may justify the 
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numerous uses of these cements, because it translates into tissue-inductive 

effects. Endodontic bioceramics have then become the material of choice for 

pulp capping, pulpotomy, perforation repair, and  root-end fillings. Last they are 

widely used  for the treatment of immature teeth with open apices, and mature 

teeth with mature, but large apices (37). 

Based on the clinical success of the Portland-based and bioceramic cements, 

in the past 15 years, endodontic sealers based on tricalcium silicates and other 

calcium silicate formulations have been introduced to the dental market (38) for 

orthograde root canal obturation. These materials have a range of characteristics 

that make them suitable as sealers to be used with the single cone (SC) 

obturation technique. Due to hydration and contact with phosphate from tissue 

fluids, di- and tricalcium silicate cements release calcium hydroxide, leading to 

the precipitation of calcium phosphate or calcium carbonate on the material’s 

surface (39–42). In addition, the formation of hydroxyapatite on the surface of a 

calcium silicate sealer after contact with phosphate has been reported (39). This 

explains the bioactive potential of tricalcium and dicalcium silicate sealers. 

Furthermore, calcium silicates form an interfacial layer at the dentin wall 

denoted as the “mineral infiltration zone” (43). Another important characteristic 

of these materials is their excellent performance in a humid environment, hence 

the definition of “hydraulic sealers”, an essential requirement in dentistry, 

particularly in endodontics. A further appreciable feature of these calcium 

silicate-based sealers (CSBS) is their good biocompatibility (40–42).  

Due to the major component of all types of CSBS being calcium silicate, their 

setting reactions are comparable. Several days are required for the hydration and 

hardening phases of the reaction to be throughout the material to be completed 

(44). While all products vary in terms of composition, one major difference exists 

in the type of delivery, between premixed products with an external water supply 

(body fluid), on the one hand, and two-component products that use an internal 

water supply (Table 1), on the other. Their biological properties depend on their 

chemical composition and their setting reaction (45).  
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TABLE 1: DIFFERENT CSBS AVAILABLE ON THE INTERNATIONAL MARKET (44) 

SEALER MANUFACTURER IDENTICAL 
PRODUCTS 

DELIVERY COMPOSITION 

iRoot SP 
Innovative Bioceramix, 
Vancouver, Canada 

Endosequence 
BC Sealer 
Brasseler USA, 
Savannah, USA 

1 component 
materials 

Zirconium oxide, dicalcium silicate, 
tricalcium silicate, calcium 
phosphate monobasic, calcium 
hydroxide, filler, thickening agents 

Endoseal MTA 
Maruchi, Wonju, 
Korea  

1 component 
materials 

Calcium silicates, calcium 
aluminates, calcium aluminoferrite, 
calcium sulfates, radiopacifier, 
thickening agents  

Well-Root ST 
Vericom, Gangwon-
Do, Korea  

1 component 
materials 

Calcium aluminosilicate, zirconium 
oxide, filler, thickening agents 

Nano-Ceramic 
Sealer 

B&L Biotech, Fairfax, 
USA  

1 component 
materials 

Calcium silicates, zirconium oxide, 
filler, thickening agents 

EndoSequence 
BC Sealer Hi-

Flow 

Brasseler USA, 
Savannah, USA  

1 component 
materials 

Until now no information about  
composition available; the 
manufacturer states it is a variation 
of Endosequence BC Sealer 

CeraSeal 
Meta Biomed Europe 
GMBH, Germany  

1 component 
materials 

Tricalcium silicate, dicalcium silicate, 
tricalcium aluminate, zirconium 
dioxide 

NeoSelaer Flo 
Avalon Biomed, 
Houston, TX  

1 component 
materials 

Inorganic powder of 
Tricalcium/dicalcium silicate in an 
oranic medium 

AH Plus 
Bioceramic 

Dentsply Sirona 
 

1 component 
materials 

Zirconium dioxide, tricalcium 
silicate, dimethyl sulfoxide, lithium 
carbonate, thickening agents 

TotalFill BC 
sealersTM 

FKG, La Chaux de-
Fonds, Switzerland  

1 component 
materials 

Tricalcium silicate, Zirconium oxide, 
tantalum pertoxide, dicalcium 
silicate, calcium sulfate (anhydrous) 

BioRootTM RCS 
Septodont, Saint-
Maur-des-Fossés, 
France 

 
2 component 
materials 

Powder: tricalcium silicate, 
zirconium oxide, povidone 
Liquid: aqueous solution of calcium 
chloride and polycarboxylate 

Endo CPM 
EGEO SRL, Buenos 
Aires, Argentina  

2 component 
materials 

Powder: mineral trioxide aggregate, 
bismuth oxide, barium sulfate, silica 
dioxide 
Liquid: aqueous solution of calcium 
chloride, sodium citrate, 
propylenglycolalginate, 
propylenglycol 

Tech BioSealer 
Endo 

Isasan SRL, Revello 
Porro, Italy  

2 component 
materials 

Powder: White Portland cement, 
bismuth oxide, anhydride, sodium 
fluoride 
Liquid: Alfacaine SP solution (4% 
articaine + 1/100.000 epinephrine) 

ProRoot ES 
Dentsply, York, Usa 

 
2 component 
materials 

Powder: tricalclium silicate, 
dicalcium silicate, calcium sulfate, 
bismuth oxide, tricalcium aluminate 
Liquid: water, viscous water-soluble 
polymer 
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TABLE 2: COMPOSITION, INFORMATION ON INGREDIENTS OF DIFFERENT CSBS ACCORDING 

FROM THE MANUFACTURER’S INSTRUCTIONS 

 
BioRoot EndoSequence 

BC 
NeoSealer 

Flo 
CeraSeal AH Plus 

Bioceramic 
TotalFill BC 

Sealers 

Hazardous 
Components 

Concentration 
(WT%) 

Concentration 
(WT%) 

Concentration 
(WT%) 

Concentration 
(WT%) 

Concentration 
(WT%) 

Concentration 
(WT%) 

Tricalcium 
Silicate 

 
20.0-35.0% <25% 20-30% 5-15% 20-35% 

Dicalcium 
Silicate 

 
7.0-15.0% <10% 1-10% 

 
7-15% 

Calcium 
Hydroxide 

 
1.0-4.0% 

   
1-4% 

Calcium 
Aluminate 

  
<25% 

   

Tricalcium 
Aluminate 

  
<5% 1-10% 

  

Calcium 
Sulfate 

  
<1% 

   

Calcium 
Carbonate 

25-50% 
     

Zirconium 
Oxide 

 
35.0-45.0% 

   
35-45% 

Zirconium 
Dioxide 

25-50% 
  

45-50% 50-70% 
 

Dimethyl 
Sulfoxide 

    
10-30% 

 

Lithium 
Carbonate 

    
<0.5% 

 

Tantalite 
  

<50% 
   

Thickening 
agents 

    
<6% 

 

 

Following the introduction of the bioactive-hydraulic endodontic sealers 

there has necessarily been a conceptual shift from an obturation where the most 

important role was played by the core material, to a filling concept mostly based 

on the sealer.  There are several potential changes expected in terms of the root 

filling technique. First of all, as the bioactive sealer is highly hydrophilic, it takes 

advantage of the natural moisture of the dentinal tubules, unlike most other 
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sealers whose performance is impaired by moisture. This property gives 

bioactive sealers a significant advantage over traditional sealers. Bioactive 

sealers do not shrink but expand slightly, and are insoluble in tissue fluids (26–

28,30,32–36) (Fig. 7). This prevents any gaps between sealer and dentinal walls 

and between sealer and GP core material.  

 

 

FIGURE 1: EXPANSION/SHRINKAGE OF POPULAR SEALERS, WITH THE ADDITION OF BIOACTIVE 

SEALER. CSBS EXPANDS SLIGHTLY ON SETTING BUT DOES NOT SHRINK; ACCORDING TO TROPE 

ET AL. 2015 (46) 

  

Before setting, bioactive sealers have a pH above 12 and feature antibacterial 

properties similar to calcium hydroxide (31,32,34,35,47). The setting is 

dependent on physiologic moisture within the canal. As a result, different sealers 

will set at different rates in different environments, but since they have a high 

pH, any delay in setting can be argued as a benefit.  

Other properties listed above, in particular their dimensional stability and 

insolubility in tissue fluids, could change the long-held rule of using the minimum 

amount of sealer in conjunction with a major core material, described earlier 

about fillings. The space allocated to the GP core material could be reduced in 

favour of the bioactive sealer. In the single-cone technique, GP points are used 

primarily to deliver the CSBS and to allow hydraulic movement of the sealer into 
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the irregularities of the root canal and accessory canals. In such cases, operators 

could perform a more conservative antimicrobial protocol without removing un-

necessary dentin and leaving a stronger root.  

BioRootTM RCS (Septodont, Saint-Maur-des Fosses, France) is a powder/liquid 

hydraulic tricalcium silicate-based cement, marketed since 2015, and 

recommended for the single-cone technique or cold lateral condensation root 

filling. The powder contains tricalcium silicate, povidone, and zirconium oxide; 

the liquid is an aqueous solution of calcium chloride and polycarboxylate (Figure 

1). This specific formulation imparts definitive characteristics to the hydraulic 

material. It is water-based and the switch from cement to sealer depends on the 

inclusion of a water-soluble polymer that allows the material to flow. The 

addition of this polymer to MTA has not altered the hydration characteristics of 

the material, however, and has resulted in an endodontic sealer with improved 

properties (48). Furthermore, the novel sealer demonstrates adequate setting 

time and dimensional stability. Thus, BioRootTM RCS shows potential to be used 

as a root canal sealer in clinical practice (49).  

BioRootTM RCS has shown the following properties in studies: 

1. Its final setting time is 324 (+/- 1) minutes (39). 

2. Contact with a wet environment lengthens the setting time considerably 

(50). 

3. It is less soluble than AH Plus immediately after immersion in water, but 

its solubility becomes higher over time when compared with a resin-

based sealer (RBS). (39) 

4. It exhibits a lower flow and higher film thickness (51) than the limits 

specified by ISO 6976;2021 recommendations (52). 

5. Its radiopacity is greater (39) than the lower limit specified by ISO 

6976;2021 recommendations (52). 

6. BioRootTM RCS releases high levels of calcium in the solution (50).  
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7. It exhibits biomineralization and deposition of phosphates when in 

contact with the dentin (50). 

8. BioRootTM RCS induces, in vitro, the production of angiogenic and 

osteogenic growth factors by human periodontal ligament cells (53); 

moreover, it has low cytotoxicity, may induce hard tissue deposition (39), 

and has antimicrobial properties (54).  

 

 

FIGURE 2: BIOROOT RCS (SEPTODONT, SAINT-MAUR-DES FOSSES, FRANCE): A POWDER/LIQUID 

HYDRAULIC TRICALCIUM SILICATE-BASED SEALER. 

 

Although the use of CSBS in endodontics is increasing (55,56), the 

information on how to effectively remove these sealers is inconsistent, because 

most studies have used a short storage time of one to four weeks (39,57–60). In 

a few reports, the samples were stored for a longer time before evaluation, 

which never exceeded six months (61–64). Furthermore, in the scientific 

literature, while several preclinical studies have analysed the biochemical and 
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physical properties of the new hydraulic sealers (34,65–71), the number of 

studies conducted in vivo is limited. 

This doctoral thesis aims to investigate some aspects related to these new 

materials through an ex vivo study and an in vivo study to provide conclusions 

that can guide clinicians to understand and use these new materials. First, we 

evaluate whether a storage time of 12 months affects the results of retreatment 

procedures; secondly, we evaluate the outcome of secondary and primary root 

canal treatments in human teeth obturated with the SC technique and a CSBS.
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HYPOTHESES 

 

Considering the tissue-inductive properties of bioactive hydraulic calcium 

silicate-based sealers, the hypothesis of this thesis is to investigate whether:  

o Long-term storage (i.e., 12 months) of teeth obturated with the SC 

technique and a CSBS affects retreatment procedures, in an in-vitro 

setting 

o The SC technique in association with a CSBS affects the outcome of 

primary and secondary endodontic treatments 
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OBJECTIVES 

 

The overall purpose of this project is to assess whether the data reported so far 

from the in vitro studies are also reflected in the in vivo study and the clinical 

counterpart.  

Based on the hypotheses previously reported, the specific objectives and sub-

objectives of this research project are: 

 

1. To evaluate the retreatment of teeth obturated with a bioactive-hydraulic 

sealer 

1.1. To assess the re-establishment of working length (WL) and patency  

1.2. To assess the time required for retreatment procedures 

1.3. To assess the percentage of residual filling materials (RFM) in the whole 

root canal space (%RFM) 

1.4. To assess the percentage of residual filling materials in the apical third 

of the canal (apical 3rd RFM (%))  

1.5. To assess the data obtained with SEM and EDS microanalysis 

 

2. To evaluate the outcome of primary and secondary endodontic treatment 

performed with a bioactive-hydraulic sealer 

2.1. To assess the overall survival rate in BIO and PCS groups 

2.2. To assess the success rate in BIOAP and PCSAP groups 

2.3. To assess the overall survival rate in BIO and PCS groups 

2.4. To assess the survival rate in BIOAP and PCSAP groups 
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MATERIALS AND METHODS AND RESULTS 

 

Main objective 1. 

1. To evaluate the retreatment of teeth obturated with a bioactive-hydraulic 

sealer 

1.1. To assess the re-establishment of working length (WL) and patency  

1.2. To assess the time required for retreatment procedures 

1.3. To assess the percentage of residual filling materials (RFM) in the whole 

root canal space (%RFM) 

1.4. To assess the percentage of residual filling materials in the apical third 

of the canal (apical 3rd RFM (%))  

1.5. To assess the data obtained with SEM and EDS microanalysis 
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Title: Medium- and long-term re-treatment of root canals filled with a calcium 

silicate-based sealer: an experimental ex-vivo study 
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Main objective 2. 

2. To evaluate the outcome of primary and secondary endodontic treatment 

performed with a bioactive-hydraulic sealer 

2.1. To assess the overall survival rate in BIO and PCS groups 

2.2. To assess the success rate in BIOAP and PCSAP groups 

2.3. To assess the overall survival rate in BIO and PCS groups 

2.4. To assess the survival rate in BIOAP and PCSAP groups 
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Title: A 12-month follow-up of primary and secondary root canal treatment in 

teeth obturated with a hydraulic sealer. 
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DISCUSSION  

 

Root canal obturation is necessary to fill the empty space left behind when the 

pulp is removed. Root canal treatment methodologies have not undergone 

significant changes over the past 20 years. Obturation is usually undertaken using 

a solid core material (GP cone) and a sealer.  

Various types of endodontic sealers and filling techniques have been 

advocated to accomplish a satisfactory root filling (14). Until now, a WVC 

technique in conjunction with an epoxy resin-based or a zinc-oxide eugenol 

sealer has been recognized as the gold standard (72,73). Recently, a sealer-based 

obturation technique using calcium silicate-based sealers (CSBS) has become 

popular because it is less operator sensitive, requires less armamentarium, and 

is easier to perform (74). Nowadays, several types of CSBS are available on the 

dental market; they differ in composition, but their major component is calcium 

silicate.  

The biological properties of CSBS depend on their chemical composition and 

setting reaction (45). Some authors have suggested that the filling quality of the 

SC technique in conjunction with a CSBS sealer is not inferior, but rather superior 

to the WVC techniques (74,75).  

This research project was designed to investigate a new CSBS, BioRootTM 

RCS, to obtain precise information on the proper use of this sealer.  

 

 

1. To evaluate the retreatment of teeth obturated with a bioactive-hydraulic 

sealer 

We have investigated whether the new CSBS respects the Grossman 

principle, according to which an ideal filling material must be removable from 
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the canal space. Hence, an ex-vivo study on extracted mandibular premolar teeth 

evaluated the potential of retreating BioRootTM RCS compared with the more 

commonly used resin-based sealer AH Plus (Dentsply International Inc., York, PA, 

USA). 

Although recently there has been increasing use of CSBS in endodontics 

(55,56), the information on effectively removing these root-filling materials is 

inconsistent. Most of the research used a storage time of one to four weeks 

(39,57–60), while in just a few reports the samples were stored for a longer 

period before evaluation, which never exceeded six months (61–64). However, 

patients may require retreatment several months after primary root canal 

treatment in a clinical setting. Moreover, the scientific community considers it 

appropriate to wait for an average time of four years before deciding on 

endodontic failure if the patient has no symptoms (76,77). For this reason, in our 

study, a sample specimen filled with the CSBS was stored for one month and 

another for 12 months before retreatment procedures. We compared the two 

different storage times to evaluate whether, over time, the deposition of 

phosphate on the material’s surface (39–42) and the formation of an interfacial 

layer at the dentin wall (43) had some influence on the re-treatment. To our 

knowledge, this is the first work that has evaluated the removal of a CSBS 

following long-term storage. Interestingly, this study also showed that the 

bioactive hydraulic sealer tested did not exhibit washout 12 months after 

obturation, a finding that may have particular clinical relevance. 

 

Time required for retreatment procedures and percentage of residual filling 

materials RFM in the whole root canal space [RFM(%)] 

Our results confirm what we supposed, and justify the decision to test long-

term storage. Among the teeth obturated with BioRootTM RCS, the group of 

samples that retreated after one year (BR*) showed a mean percentage of 

residual filling material for the whole canal (RFM %) that was significantly higher 
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than the group that retreated after one month (BR)(p-value=0.048). 

Furthermore, AH showed the least amount of time required for retreatment 

compared with both BR and BR* (p=0.0001 and p=0.0078, respectively). These 

results may be attributed to the increased mineral infiltration interface over time 

(43). It has been discussed that the precipitation of calcium phosphate or calcium 

carbonate ions within the dentinal tubules (39–42) and the formation of 

hydroxyapatite on the CSBS surface (39) should explain the more effective 

sealing ability of the CSBS material over time (78–81). As previously reported 

(80), a chemical bond is achieved through a mineral infiltration zone at the 

bioactive material to the tooth interface. This property is essential because the 

adhesion of the sealer to the canal walls will lead to less microleakage.  

 

SEM and EDS microanalysis 

SEM was used to observe the interface dentin/material in our study. RBS 

exhibited continuity with the dentinal walls. By contrast, the CSBS/dentin 

interface appeared to be mediated by the formation of an infiltration zone, 

which, using EDS microanalysis, was defined as a mineral infiltration zone for the 

presence of calcium phosphate ions also found in the CSBS. These data show a 

certain clinical relevance since, as previously mentioned, secondary endodontic 

treatments are generally carried out several months after primary therapies. 

According to our study, the material used changes the environment it comes into 

contact with over time (81), making it more difficult to remove, since the mineral 

infiltration zone and the sealer tags ensure sealer adaptation and bonding to the 

dentinal wall. Moreover, CSBS creates a strong bond with the GP core material. 

In addition, according to our results, the time taken for retreatment was affected 

by the type of sealer, a condition explained by the observations mentioned above 

(82,83). This difference is statistically significant; however, it may not have 

clinical significance (82,83).  
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Re-establishing working length (WL), patency and percentage of residual filling 

materials in the apical third of the canal [Apical 3rd RFM (%)] 

Each retreatment was successfully completed in all samples, and therefore 

the Grossman principle is respected. Since endodontic failure can occur if 

infection persists in the root canal system, the root canal space should be 

adequately cleaned and disinfected when performing a secondary treatment. 

Once the previous materials have been removed, re-establishing the WL and re-

achieving patency significantly improves periapical healing rates (77). Our results 

show that the obturation with the new bioactive hydraulic sealers did not 

permanently block the apical area. This data may be supported by the results 

concerning the apical third. In fact, where apical third RFM(%) was considered, 

no significant difference was detected for this variable between the three 

groups.  

Our study used the matched-taper, single-cone filling technique, which 

allowed the easier penetration of rotary retreatment instruments into the 

obturation (84). While CSBS is hard upon setting, our study showed that apical 

patency and WL were achieved in 100% of the samples, irrespective of whether 

the pilot or master cone was used. However, we recommend the use of the 

master cone inserted at the working length, so that, in case of failure, it is 

possible to carry out safety retreatments, avoiding any apical transport or 

procedural mistakes. 

 

 

2. To evaluate the outcome of primary and secondary endodontic treatment 

performed with a bioactive-hydraulic sealer 

Once the removability of the CSBS and its suitable application as a filling 

material had been verified, we designed a randomized case-controlled pilot 

study to obtain insights into the use of the new bioactive cement as a sealer with 

single-cone obturation. In fact, despite the growing trade in and use of the new 
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bioactive sealers, there is a paucity of information in the specialized literature on 

the outcomes achieved with the new CSBS, particularly when used with the 

single-cone obturation technique in vivo. Our article reported a 12-month follow-

up of a modular project in which the outcomes of primary and secondary root 

canal treatments were assessed in teeth obturated with either the SC and a 

bioactive sealer, or with WVC with GP and ZOE sealer, which is considered the 

classic reference treatment (85).  

First, our study was based on a standardized protocol to minimize each bias 

that could affect the results. Four endodontic post-graduate residents 

performed all the treatments in a university setting. They used a standardized 

instrumentation and disinfection protocol, which varied only in terms of the 

technique and sealer used for the obturation of the root canal. The assignment 

of each patient to the four residents and the assignment of the type of obturation 

technique for each case occurred randomly with a flip of the coin. Clinical and 

radiographic follow-ups were performed for each tooth, and two trained and 

calibrated examiners (86) assigned a periapical index (PAI) score to each 

radiograph (87). The follow-ups were conducted at short intervals (1, 3, 6, and 

12 months) to obtain detailed information on the course of healing of the teeth 

during the first year of treatment to evaluate the supposedly better sealing ability 

of the new material compared with the standard one (42).  

It was advocated that using a well-fitting cone with a bioactive sealer would 

enhance the sealing properties of the material when in contact with fluids and 

lead to successful single-cone obturation (42). First of all, BioRootTM RCS allowed 

simple and effective root canal obturation. The method was easy to use and 

relatively cost-effective because no special armamentarium was required.  

 

Overall success rate in BIO and PCS groups, success rate (periapical healing) in 

BIOAP and PCSAP groups, overall survival rate in BIO and PCS groups and survival 

rate in BIOAP and PCSAP groups 
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As recently advocated by Ng et al. (76,77), treatment success was assigned 

using two outcome measures. The primary outcome measure was periapical 

healing, defined according to strict criteria (PAI <2). The secondary outcome 

measure was tooth survival, which was defined regardless of the PAI score; 

success was achieved if the tooth was functional and asymptomatic. We felt it 

was clinically relevant to offer the results on the basis of two interpretations, 

using strict and loose criteria. As it is known that some periapical lesions may 

take several months or even years to completely heal, we wanted to show the 

survival rate criteria, as this outcome measure clearly describes a condition that 

is still potentially healing. On the other hand, we also reported the periapical 

healing to show if and what effect the CSBS had on the healing time. 

Our study’s survival rate was similar in the BIO and PCS groups (p = 0.4074) 

and the BIOAP and PCSAP groups (p = 0.9114). The success rate was higher in the 

BIO groups but not statistically significant (p=0.0735). The healing rate was 

higher in the BIOAP group than in the PCSAP group (67.86% versus 50.00%), but 

the difference was not statistically significant (p = 0.1908). The group of teeth 

obturated with the CSBS and SC technique showed slightly better results than 

those obturated with WVC with GP and a ZOE sealer. However, the analysed 

outcome measures did not reveal significant differences. Thus, our data reveals 

that the two techniques are good and comparable. 

The potential benefits of the single cone/bioactive sealer combination are 

that this technique is easy and fast and aims to create a biological seal (32,34,91–

94,38,40,41,66,71,88–90). Moreover, the technique can be implemented with a 

more conservative root canal preparation, and the biocompatibility of the sealer 

is reportedly optimal (40,41,95). This data confirms both the established and 

relatively new techniques. Interestingly, in the group of teeth obturated with the 

CSBS and SC technique, all teeth with extensive pre-operative lesions and an 

initial PAI of 5/4 showed a significant reduction in this periapical index score to 

3/1 at 12 months. This result seems promising since the odds of healing for AP 

decrease for larger lesions (96,97). These results seem to confirm the advantages 
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and potential benefits of the new CSBS. We can assume that the inductive 

potential of this sealer, thanks to the precipitation of calcium phosphate or 

calcium carbonate and the formation of hydroxyapatite on the material’s surface 

(39–42), may favour the healing of AP. Furthermore, given the relative simplicity 

of this technique that leads to a biological hermetic seal, we believe that this 

information may be useful in clinical practice, especially for teeth with extensive 

lesions requiring prosthetic rehabilitation.  

To the best of our knowledge, this is the first clinical trial that has compared 

the outcomes of the treatment of teeth obturated with a CSBS and SC technique 

and teeth subjected to WVC with gutta-percha and a ZOE sealer, which is a 

standard endodontic procedure for obturation (98). These results are 

encouraging and consistent with those obtained from Chybowski et al. (97), and 

Zavattini et al. (55). Chybowski (97) reported an overall healing rate of 83.1% 

after an average of 30.1 months for 307 treated teeth, and Zavattini (55) showed 

an overall healing rate of 90% after an average of 12 months for 53 treated teeth. 

The first was a retrospective study conducted in private practices, while the 

second was a non-randomized case-control study conducted in a university 

setting.  

Unfortunately, the study's design differences do not make the three articles 

fully comparable. Chybowski et al. and Zavattini et al. considered both healed 

and healing cases “successful,” while we have used stricter criteria (96,99). Thus, 

they obtained more positive results in their study compared with ours. 

Furthermore, the types of CSBS used were not the same: Chybowski et al. used 

EndoSequence (Bioceramic Sealer, BC; Brasseler USA, Savannah, GA), while 

Zavattini et al. used BiorootTM RCS.  

Most of the materials based on tricalcium silicate contain Portland cement. 

Portland cement is used in construction and manufactured from natural 

minerals. Most types of CSBS contain trace elements leached in solution when in 

clinical use (100–102), and Portland cement itself only has 68% tricalcium silicate 

(103). By contrast, BioRoot™ RCS is made entirely of pure tricalcium silicate 
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cement with no other cementitious additions. This is essential not only to avoid 

trace minerals but also because the active part of the material is the tricalcium 

silicate. Thus, all the properties attributed to the tricalcium silicate (i.e., the 

formation of calcium hydroxide, which is responsible for the biomineralization, 

bone and hard tissue formation, and antimicrobial properties) will be better 

expressed with the use of this sealer than the classic Portland cement.  

A recent randomized case-controlled clinical trial reported similar results to 

those from our study (104). The authors compared the clinical efficacy and 

outcome of an SC technique using Endoseal TCS (SBO) with a WVC technique 

using AH Plus (CWC). Kim et al. obtained a recall rate lower than ours (79% versus 

82%), but a higher average follow-up period (17 versus 12 months). Healing was 

determined as a decreased PAI score and lack of symptoms. They divided teeth 

into the following categories: healed, healing, and diseased. Their success rate 

was comparable to ours when both loose and strict criteria were considered. In 

fact, for the group of teeth obturated with the SC technique using the CSBS, they 

reported a success rate of 94.3% (loose criteria) and 71.4% (strict criteria), while 

the group of teeth obturated using a WVC and an RBS showed a success rate of 

92.3% (loose criteria) and 60.8% (strict criteria). Unfortunately, they did not use 

a standardized instrumentation protocol, and they did not enroll patients before 

treatment but after the first treatment visit. 

 

Limitations of the studies 

In the experimental ex-vivo study we chose to work on easy samples. This 

represents a limitation of our study because it does not allow us to extend the 

results to curved canals. Another potential limitation is the solvent used to 

remove the root-filling materials, even if its use was primarily chosen to help 

clean every residual from gutta-percha. There is no evidence that currently 

available solvents are effective on CSBS. We believe it may be necessary to 

develop a solvent that improves the retreatment of CSBS. 
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Among the limitations of the pilot study, the number of patients enrolled 

was not high, which reduced the statistical power of the research and produced 

extreme variability in the dental conditions, which may lead to apparent 

difficulties in comparing the samples. Another limitation is that our success rate 

was lower than the pooled weighted success rate based on strict criteria of the 

systematic reviews (105,106). This is because we adopted a short follow-up 

period (12 months), which may include more healing cases than fully healed 

ones. Systematic reviews have revealed that success rates increase with longer 

follow-ups (106). The first bioceramic root canal sealer was only introduced in 

2007, and various types of CSBS have not been evaluated for a long time (44). 

Therefore clinical studies of bioceramic root canal sealers are rare, and the 

follow-up duration of this study was short. As stated in the article, this is intended 

to be the first part of a modular project that will provide data on the behaviour 

of the two groups over time (at one year, two years, and four years). 

 

Future perspectives 

Long-term ex vivo studies conducted on teeth with complex anatomies 

may evaluate the re-treatability of CSBS. Future research conducted in vivo will 

confirm our data. 

To confirm our results, the cases included in the pilot study will need to 

be followed up for a longer period of time; this is the reason we intend to report 

the treatment outcomes progressively (at two and four years of follow-up). 

Moreover, well-designed, randomized, case-controlled clinical trials should be 

performed. Within the limitations of this study, it was found that the SC 

technique using BioRootTM RCS can be a feasible alternative to WVC using Pulp 

Canal Sealer. Further follow-up and other studies with larger sample sizes are 

needed for better reliability. 
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CONCLUSIONS 

 

1. Obturation of retreating teeth with a bioactive-hydraulic sealer was 

successful. In addition: 

1.1. We were able to re-establish the working length (WL) and patency in 

100% of the samples. 

1.2. The time required for retreatment procedures was affected by the type 

of sealer used and the time of storage; AH showed the lowest value of 

time taken for retreatment procedures when compared both to BR and 

BR* (p=0.0001 and p=0.0078, respectively). 

1.3. The percentage of residual filling materials in the whole root canal space 

(%RFM) was significantly higher in the group of samples obturated with 

the CSBS and retreated after one year (BR*) (p-value=0.048). 

1.4. The percentage of residual filling materials in the apical third of the canal 

(apical 3rd RFM (%)) did not show any difference between the three 

treatment groups. 

1.5. High-resolution SEM images confirmed the data obtained from SM, and 

EDS microanalysis highlighted the presence of calcium phosphate in the 

mineral infiltration zone between CSBS and dentin. 

 

2. The outcome of primary and secondary endodontic treatment performed 

with a bioactive-hydraulic sealer was similar to results from those obturated 

with WVC of gutta-percha and ZOE sealer. In addition:  

2.1. The overall survival rates of treated teeth at 12 months were 

comparable in the BIO and PCS groups (97.44% versus 93.33%). 

2.2. The survival rates in the BIOAP and PCSAP groups were similar (96.43% 

versus 95.83%). 

2.3. The overall success rate at 12 months was higher in the BIO than in the 

PCS groups, although the difference was not significant (p= 0.0735). 
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2.4. The success/healing rate was slightly higher in the BIOAP group than in 

the PCSAP groups (p= 0.1908). 
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