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Resumo  

 

Introdução: É necessário compreender se os cimentos de obturação biocerâmicos são retratáveis, 

uma vez que são cada vez mais utilizados e, como se trata de um material recente, ainda há 

poucos estudos sobre a desobturação, especialmente em canais ovais. Também são necessários 

mais estudos que mencionem o ácido fórmico como solvente. 

Objetivos: Avaliar a retratabilidade do biocerâmico através da observação dos parâmetros de 

patência e percentagem de material remanescente. 

Materiais e métodos: Uma amostra de 60 caninos foi dividida em dois grupos de retratamento, 

sendo que num grupo se desobturou apenas com o sistema de limas e no segundo grupo se 

utilizou o mesmo sistema de limas e ácido fórmico 10% como solvente.  

Resultados: Estatisticamente não há diferenças entre os dois grupos de retratamento em relação 

à percentagem de remanescente. Porém, o grupo que utilizou ácido fórmico obteve patência em 

toda a amostra. O significado estatístico foi considerado para p<0,05. 

Conclusão: Nenhuma técnica foi capaz de remover completamente todo o material de obturação 

em toda a amostra. No entanto, o grupo que utilizou ácido fórmico a 10% obteve dois dentes em 

que a percentagem de remanescente era de 0%. São necessários mais estudos que relatem a 

utilização de ácido fórmico como solvente no retratamento de biocerâmico. 
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Abstract 

 

Introduction It is necessary to understand whether bioceramics are retreatable, as they are 

increasingly being used and because it is a recent material there are still few studies on 

desobturation, especially in oval canals. More studies that mention formic acid as a solvent are 

also needed. 

Objective To evaluate the retreatability of the bioceramic cements by observing the patency 

parameters and the percentage of remaining material. 

Materials and Methods A sample of 60 canines was divided into two retreatment groups in which 

one group desobturation was performed only with a file system and the second group used the 

same file system and 10% formic acid as a solvent.  

Results Statistically there are no differences between the two retreatment groups regarding the 

percentage of remnant. However, the group that used formic acid obtained patency in the whole 

sample. Statistical significance was considered for p<0.05. 

Conclusion No technique was able to completely remove all the filling material in all the sample. 

Nevertheless, the group that used 10% formic acid obtained two teeth in which the percentage 

of remnant was 0%. More studies are needed that report the use of formic acid as a solvent in 

bioceramic retreatment. 
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1. Introduction  
 

The purpose of non-surgical endodontic treatment (NSET) is the complete removal 

of inflamed, necrotic, infected tissue, microorganisms and debris through instrumentation 

and cleaning of the root canals, to allow for the three-dimensional obturation of the main 

root canals and possible accessory and lateral canals in a hermetic way (1–4). According to 

different articles, NSET has a high and predictable success rate of between 78 percent (%) 

and 98%. However, failures in the procedure may occur and post-endodontic lesions may 

develop (1,2,5,6). Treatment failures derive from different causes, some of which are: non-

instrumented or inadequately instrumented canals, poor aseptic conditions, obstructions, 

iatrogenic errors, over and under filling, and poorly adapted restorations (1,2). Obturation is 

crucial for endodontic success and the aim is to maintain the disinfection of the canals and 

prevent bacterial contamination by resistant microorganisms to chemical-mechanical 

preparation or from periradicular exudates (3,4,7,8). The effectiveness of the filling depends 

on different factors such as the filling technique, the filling material, and the way it is 

performed. Different filling techniques are described by several authors, most of them 

reporting that both cold and hot compaction techniques can lead to the weakening and 

damage of the root dentin, while single cone or passive compaction techniques do not cause 

so much damage. However, all of them have their advantages and disadvantages. 

Regardless of the obturation technique, the choice of the filling material also influences the 

results. Commonly, a gutta-percha (GP) cone is used in combination with a filling cement. 

These sealers can be divided by their chemical composition into zinc eugenol oxide, epoxy 

resin, silicones, calcium hydroxide, glass ionomer, methacrylate resin or calcium silicate-

based cements such as mineral trioxide aggregate (MTA) and bioceramic based sealers 

(1,3–6,9).  

Bioceramic cements were developed around the 1980s; however, it was only a 

decade ago that they were included in the endodontic market. These sealers have 

revolutionized the endodontic area due to their physical, chemical, and biological 

characteristics. In their composition, we can find the following components: calcium 
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silicates, zirconium oxide, tantalum oxide, monobasic calcium phosphate, calcium 

hydroxide, water-free thickening agents, and fillers, which offer advantages over the 

cements normally used. They are biocompatible, bioactive, promote osteoconductivity, have 

antibacterial action, promote pH increase, are non-retractable, stable in the biological 

environment, and are not sensitive to humidity and blood contamination. There is 

biomineralization through the formation of hydroxyapatite directly bonding the sealer to 

the dentine, there is a slight expansion during hardening and when fully set, it is 

dimensionally stable promoting an effective seal (1–13). According to the recommendations 

of the manufacturers of the different brands of bioceramics, the single cone technique 

should be used for obturation as it is a simple, time-saving, and effective technique due to 

no retraction and for its small expansion. Some authors report that due to its characteristics 

it is effective obturate the apical millimetres with bioceramic. However, the hot vertical 

compaction technique is still widely used for fear of leaving gaps, especially in oval canals. 

However, some studies relate heat with alterations in the properties of the sealer and 

consequently a decrease in its resistance (3,4,8).  

Although NSET is an effective treatment, failures may occur and, in these cases, the 

first option is usually non-surgical endodontic retreatment (NSER), which has a success rate 

between 78% and 80.1% (1,2,5,8). The goal of the NSER is to completely remove the 

obturating material to be able to disinfect the entire canal, and for this reason, it is so 

important to remove all the remnants to avoid a barrier between the irrigants and the 

bacteria that may cause pathology, and also to recover patency (1,2,5,6,9–15). Different 

retreatment techniques are used and over the years more techniques are studied. These 

are: hand files, mechanized rotating and reciprocating files, chemical solvents like 

chloroform, Endosolv R and E (Septodont, France), Eucalyptol, and the still little studied 10% 

formic acid, also supplementary techniques of ultrasonic or laser assisted irrigation, and 

finishing files like the XP-EndoÒ Finisher (FKG Dentaire SA, Switzerland) (5,10–12,14–16).  

It is necessary to understand whether bioceramics are retreatable, as they are 

increasingly being used and, since it is a recent material, there are still few studies on 

desobturation, especially in oval canals (1,6,8,9,14).  
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2. Objectives and null hypothesis 
 

This study has two main objectives, being the first, to determine if there is more 

facility in reaching patency in some group. The second objective is to determine if there is 

any influence in using solvent in the removal of the bioceramic through the comparison of 

the remaining volume.  

The secondary objective is to compare if in the case of some group with more 

easiness in reaching patency there would be less remaining material.  

The null hypothesis (H0): There is no difference in the removal of bioceramic sealer 

between the group that does not use solvent (group 1) and the group that does (group 2).  
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3. Materials and Methods 
 

3.1 Bibliographic Research 
 

A literature search was conducted on the PubMed database using the PubMed 

Advanced Search Builder tool where four different searches (Table 1) were made with the 

following keywords “Bioceramic”, “Single Cone Techniques”, “Retreatment”, “Cone Beam 

Computed Tomography”, “Formic Acid” and “Solvent”.  

The inclusion criteria were articles dated between 2012 and 2022 and in the English 

language. After eliminating the articles that did not meet the inclusion criteria, 81 of the 85 

total remained. After that, the articles were selected by title and abstract in the respective 

search. Next, the duplicated articles and those without full access were eliminated, leaving 

32 articles, that were selected for total analysis. They were read and accepted in view of 

their interest and context for the study. Also, an article was added by another method. 

Finally, 16 articles were selected for this ex vivo study (Figure 1).  

 

Search No. Keywords Combinations Number of Articles 

1 “Bioceramic” AND “Single Cone Techniques” 47 

2 “Retreatment” AND “Bioceramic” 34 

3 
“Retreatment” AND “Bioceramic” AND “Cone Beam 

Computed Tomography” 
3 

4 “Retreatment” AND “Formic Acid” AND “Solvent” 1 
Table 1. Research Keywords Combinations 
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Article included via selected article bibliography (n=1) 

Identification of studies via PubMed 

Initial Research (n=85) 

Articles after the inclusion criteria (n=81)  

Articles after reading the title (n=49)  

Articles after removing duplicate articles (n=37)  

Articles after removing articles without access 
(n=32)  

Total of selected articles (n=16) 

Inclusion criteria: 

® 10 years 
® English 
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Figure 1. PRISMA Flow Diagram. 

Identification of studies via other methods 

Articles removed by reading the articles (n=17) 
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3.2 Clinical Protocol 
 

This regulated ex vivo study was approved by the ethics committee of the IUCS, CESPU, 

Crl (11/CE-IUCS/2022) (Appendix 3). 

 

3.2.1 Specimen Selection  
 

One hundred and thirty-nine mandibular and maxillary permanent canines extracted for 

unknown reasons were acquired, cleaned with 0.5% sodium hypochlorite solution (NaOCl), 

and stored. Then, the teeth were evaluated according to visual criteria (Table 2) with 88 

teeth remaining. After performing periapical radiographs (digital radiograph with Durr's 

VistaScan Plus scanner phosphor plate) according to the radiographic criteria (Table 2), 62 

teeth were in accordance. Of the 62 teeth, 60 were randomly selected to obtain a 

homogeneous sample for this study and 2 were left as reserve.  

The final sample was cleaned with ultrasonic devices. Then, the teeth were numbered 

1-60, photographed, and stored appropriately (Figure 2).  

The sample was divided randomly into 2 groups of 30 teeth each:  

• Group 1: Canals obturated with TotalFillÒ BC Sealer with a single cone technique and 

retreated using XP-endoÒ shaper and XP-endoÒ finisher files (Teeth 1-30).  

• Group 2: Canals obturated with TotalFillÒ BC Sealer with a single cone technique 

and retreated using XP-endoÒ shaper and XP-endoÒ finisher files with solvent (10% 

formic acid) (Teeth 31-60).  
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Table 2. Visual and radiographic exclusion criteria. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Visual Exclusion Criteria Radiographic Exclusion Criteria 

- Extensive caries with crown/root 

involvement 

- Visual external reabsorptions 

- Restorations 

- Multiradicular teeth 

- Teeth anomalies (fusion, germination 

and conoid tooth) 

 

- More than one canal and immature 

apex 

- Anatomical variations of the root canal 

- Tooth with previous endodontic 

treatment 

- Radicular calcifications 

- Caries near the pulp 

- Dental fractures (horizontal or vertical) 

or dental cracks 

- Internal reabsorptions 

 

Figure 2. Final sample, labelled and stored 
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3.2.2 Root Canal Preparation 
 

The access cavity was performed with a spherical diamond bur attached to a high-

speed rotary instrument with water spray cooling on the palatal side above the cingulum. 

After reaching the pulp chamber, the convenience cavity was performed with an endo-z 

bur. Then a 10k file (Dentsply Maillefer Ballaigues, Switzerland) was introduced until the tip 

was visible through the apical foramen thus confirming apical patency. Working length was 

determined by subtracting 1 millimetre (mm) from the measurement obtained when the file 

was in the apical foramen. Working length values range from 20 mm to 29 mm.  

 

 

 

 

 

 

 

 

The teeth were instrumented with the RaceÒ Evo Sequences 6% mechanized file 

system (FKG Dentaire SA, Switzerland) (figure 3). This rotatory system is composed of three 

files of different calibres and tapers 15/04, 25/04 and 25/06, that were used in the 

endodontic motor VDW Gold Reciproc (VDW GmbH Munich, Germany) (figure 4) using the 

speed and torque recommended by the manufacturer (800 rpm/1.5 Ncm). The files were 

inserted into the canal filled with irrigant in three in-and-out movements until the working 

length (WL) was reached. After each file use, it was cleaned with a gauze pad soaked in 

5.25% sodium hypochlorite (NaOCl). Each file was used fifteen times and then discarded. 

The patency was reconfirmed with a 10k file after the end of instrumentation. 

Figure 3. RaceÒ Evo Sequences 6% mechanized file 
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Between each instrumentation, 3 millilitres (ml) of 5.25% sodium hypochlorite 

(NaOCl, PPH Cerkamed, Poland) was used and, after instrumentation, a final irrigation 

protocol was performed with 5 ml of NaOCl 5.25%, 3 ml 17% ethylenediaminetetraacetic 

acid (EDTA) (Endo-Solution Premium, PPH Cerkamed, Poland) followed by 3 ml saline 

solution (NaCl 0.9%, B. Braun Medical Lda, Barcarena). All irrigants (Figure 5) were placed 

into the canals with an irrigation needle (Miracle Endo Luer, Hager & Werken, 25G) at 1 mm 

from the WL. 

 

 

 

 

 

 

 

 

 

 

Figure 4. Endodontic motor VDW Gold Reciproc 

Figure 5. Irrigants used in the present study 
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3.2.3 Root Canal Obturation  

 

The canals were dried with 25-gauge paper cones (FKG Dentaire SA, Switzerland). 

Apical calibration was performed with the help of manual k-files and confirmed with apical 

pressure on the file. The apical size varies between 25K and 35K. Then, gutta-percha cones 

25/04 (FKG Dentaire SA, Switzerland) were prepared. The gutta-percha cones were 

calibrated with a calibrating ruler (Dentsply Maillefer, Ballaigues, Switzerland) with the 

specific size for each tooth. After that, the corresponding working length was marked on 

the cone and the apical 2 mm of the cone were cut with a scalpel to obturate the apical 2 

mm of the root canal only with bioceramic.  

According to the recommendation of the manufacturer, we performed obturation 

with single cone technique. First, the bioceramic cement TotalFillÒ BC Sealer (FKG Dentaire 

SA, Switzerland) (Figure 6) was directly placed in the canal with the help of disposable BC 

Tips (FKG Dentaire SA, Switzerland). The tip was placed 3mm from the apex and injected 

gently until the cement was visible exiting the apical foramen after removing the tip from 

the canal and continuing to inject the bioceramic up to the coronal third to ensure complete 

filling of the canal. Then, the gutta-percha cone previously calibrated was covered with this 

cement and inserted in the canal up to the spot previously marked on the cone. Afterwards, 

and with the help of a heated condenser, the excess gutta was removed at the level of the 

cementoenamel junction followed by compacting with a plugger. Excess cement in the pulp 

chamber was removed with a moist cotton ball. A dry cotton ball was placed at the canal 

entrance and a temporary restorative material (CavitÒ, 3M ESPE, St. Paul, MN, USA) was 

placed. The teeth were stored in a temperature and humidity controlled environment 

(37ºCelsius (ºC), 100% humidity) for two weeks. 
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3.2.4 Root Canal Retreatment 

 

After two weeks, groups 1 and 2, in which the protocol only differs in the use or not 

of solvent, were removed from the incubator, the temporary restorative material (CavitÒ) 

was removed with a spherical diamond bur and with an ultrasound device and the cotton 

ball was removed. Then, with a RaceÒ Evo 25/06 file coupled to the VDW Gold Reciproc 

endodontic motor, following the manufacturer's recommendations regarding speed and 

torque (1000 rpm/ 1.4 Ncm), a hole was drilled in the centre of the gutta-percha in the 

coronal third in order to obtain a hole that allowed the insertion of the tip of the XP-endoÒ 

shaper file (FKG Dentaire SA, Switzerland) (Figure 7).  

 

 

 

Figure 6. TotalFillÒ BC Sealer 

Figure 7. XP-endoÒ  shaper file            
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The file XP-endoÒ shaper 30 size and conicity 04 was coupled to the endodontic 

motor previously used and following the manufacturer's recommendations regarding speed, 

torque (2500 rpm/1 Ncm) and instrumentation. The tip of the file was placed in the cavity 

previously made for it to be in contact with the gutta-percha with small movements of 

back-and-forth and after the gutta was attached to the tip of the file, a small apical 

pressure was performed until the WL or until resistance was felt. After the gutta was 

removed, the pieces of gutta-percha that were wrapped around the file were removed and 

cleaned with a gauze soaked in 5.25% sodium hypochlorite. After the gutta removal, the 

XP-endoÒ shaper file was used twice up to the WL or, in cases with resistance, we tried to 

reach the working length. After each insertion of the XP-endoÒ shaper irrigation using 

5,25% NaOCl was performed.  

In group 1 no solvent was used and in group 2 10% formic acid was used (dilution 

of formic acid 85%, Guinama, Gutenberg, Prague, Lot nº 820420, Farmácia Vitália, Porto) 

(Appendix 4) as solvent (Figure 8).  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8. Formic acid 10%. Solvent 
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In the first group, the XP-endoÒ finisher file (FKG Dentaire SA, Switzerland) (figure 

9) of 25 size and 00 taper was also coupled to the endodontic motor previously used and 

following the manufacturer's recommendations regarding speed, torque (1000 rpm/1 Ncm) 

and instrumentation.  

In group 1, the file was placed in the canal until WL-1 mm or until it had resistance-

1 mm and then the file was activated and used for 1 minute with short back and forth 

movements against the walls. This procedure was repeated three times.  

In group 2, the canal was filled with 10% formic acid and the XP-endoÒ  finisher was 

used in the same way as in group 1. Always cleaning the file with gauze soaked in irrigant.  

Next, the entire specimen was irrigated with 3 ml of saline solution and the canals 

were dried with paper cones. After that, and with the aid of a 10k file, it was evaluated if 

canal patency was achieved or not and recorded.  

The XP-endoÒ shaper files were used on average ten times and the XP-endoÒ 

finisher files on average fifteen times and were only discarded when any deformity was 

visualized. All the samples were submitted to the same procedures and to the same amount 

of irrigant (NaOCl 5,25%) that on average was 20 ml along all the process. To reduce work 

errors, all endodontic procedures were performed by the same calibrated operator. 

 

 

Figure 9. XP-endoÒ Finisher file 



 

 14 

 

3.2.5 Cone Beam Computed Tomography (CBCT) and Volumes Calculations  
 

Throughout the procedure, three CBCTs were performed at different stages of the 

study. The first one was performed at the end of the canal preparation, then at the end of 

the filling phase and finally after the sample was desobturated to evaluate the remnants of 

the materials. The sample was divided into floral sponges (It is a compound of phenol, 

formaldehyde polymers, surfactants and wetting agents and it's invisible on CBCT) with 15 

teeth each.  

The parameters of CBCT with the Planmeca Romexis software (figure 10) were kept 

the same in all scans: Width 668, Height 668, Number of slices 668, Voxel 150 µm, Voltage 

90 kV, Current mA, Exposure time 14.97s, DAP 2005.0 mGyxcm2). 

After performing the CBCTs, the volume of the teeth was evaluated using the 

software: first the tool "Measure Cube" was selected, then the area of the amelodentinary 

junction and the apical foramen was selected in the teeth in the sagittal section, and finally 

the tool "3D Region growing" was selected and automatically the value of the pretended 

volume was recorded. 

 

 

Figure 10. Cone Beam Computed Tomography machine and parameters 
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3.2.6 Statistical Analysis  
 

Data was analysed with R, version 4.1.2 (R Core Team, 2021). Continuous variables 

were assessed regarding normality with Shapiro-Wilk test, appropriate for sample sizes 

lower than 50, and by observing histograms. Levene’s test was used to assess variances 

sphericity. After confirming normality and variance’s sphericity parametric statistics were 

implemented. Means (M) and standard deviations (SD) were used to describe continuous 

variables. Categorical variables were described as frequencies (n) and percentages (%). 

Groups of retreatment association with patency were assessed with Fisher exact 

test because chi-square assumptions were not met (no teeth of the Files system + formic 

acid 10% were non-patent). The effect size was assessed with Phi (φ), considering 0.1 to 

0.3 as weak effect, 0.3 to 0.5 as moderate effect and >0.5 as high effect size. 

Percentage of remaining volume (cm3) was calculated as remaining volume/ 

obturated volume (cm3) x 100. T-test was used to compare percentage of remaining volume 

(cm3) by group. 

One-Way ANOVAs were used to compare the volume of the material removed (cm3), 

remaining volume (cm3) and obturated volume (cm3) by groups of retreatment. ANCOVAs 

were used to compare the volume of the material removed (cm3), adjusted to remaining 

volume (cm3) and obturated volume (cm3). Pearson correlations (r) were used to assess the 

univariate association of the volume of the material removed (cm3) with remaining volume 

(cm3) and obturated volume (cm3). The effect size thresholds were 0 < r < 0.3 (low), 0.3 < r 

< 0.7 (medium) and >0.7 (high). Factorial ANOVA was used to compare the volume of the 

material removed (cm3) by groups of retreatment and patency. Partial eta squared (ηp2) 

was used to assess the effect size, considering 0.01 as a small effect size, 0.06 as a medium 

effect size and 0.14 as a large effect size. 

Statistical significance was considered for p<0.05. 
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4. Results 
 

Sixty teeth were divided into two groups of retreatment, 30 with the files system 

and 30 with the files system and formic acid 10%.  

Table 3 shows the initial and final work length split by groups of retreatment and 

patency. In patency, initial and final work lengths are equal. In the 11 teeth retreated with 

the files system where there was no patency, the mean difference between the initial and 

final work length was 1.32 mm. 

 Files system (n=30)  
Files system + 

formic acid 10% (n=30) 

 
No patency 

(n=11) 

Patency 

(n=19) 
 

No patency 

(n=0) 

Patency 

(n=30) 

Initial work length (mm) 24.82 (1.99) 24.61 (1.47)  NA 24.33 (2.30) 

Final work length (mm) 23.50 (1.97) 24.61 (1.47)  NA 24.33 (2.30) 

Table 3. Initial and final work length (mm) split by groups of retreatment and patency 

 

Association of patency with groups of retreatment was statistically significant 

(p<.001), with effect size close to the higher bound (φ=0.47), indicating a higher prevalence 

of patency in the retreatment group of files system and formic acid 10% (100%), compared 

to the files system group (63.3%) (Table 4). 

 Files system Files system + formic acid 10%  
No patency 11 (36.7%) 0 (0.0%) 

p<.001(a), φ=0.47 
Patency 19 (63.3%) 30 (100%) 

Table 4.  Patency association with groups of retreatment.  

 

 

NA, not applicable; Results presented as means (standard deviations) 

 

(a) Fisher exact test 
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Table 5 shows results of 1-way ANOVAs (model 1) for the volume of the material 

removed (cm3), obturated volume (cm3) and remaining volume (cm3) and ANCOVAs for the 

volume of the material removed (cm3) compared by groups of retreatment adjusted for 

obturated and remaining volume (cm3). Volume of the material removed (cm3), F(1,58)=0.43, 

p=.517, ηp2≈0.00, obturated volume (cm3), F(1,58)=0.48,, p=.492, ηp2≈0.00, and remaining 

volume (cm3), F(1,58)=0.76, p=.388, ηp2≈0.00, were not significantly associated with the 

groups of retreatment. After adjusting for obturated volume (cm3) and remaining volume 

(cm3), the volume of the material removed comparison by groups of retreatment did not 

show significant results, F(1,57)=0.07, p=.795, ηp2≈0.00 and F(1,57)=0.34, p=.562, ηp2=0.01, 

respectively. Obturated volume (cm3) was significantly associated with the volume of the 

material removed (cm3), F(1,57)=214.86, p<.001, ηp2=0.79. Pearson correlation showed a 

significant positive association between obturated volume (cm3), and volume of the material 

removed (cm3), r=.890 (p<.001). No association was found between the remaining volume 

(cm3) and the volume of the material removed (cm3) and correlation was also non-

significant. 

 

 
Files system 

(n=30) 

Files system + 
formic acid 10% 

(n=30)  
   

 M SD M SD Model 1 Model 2 Model 3 

Vol. material 

removed (cm3) 
0.040 0.012 0.038 0.012 

F(1,58)=0.43, 

p=.517, ηp2≈0.00 

F(1,57)=0.07, 

p=.795, ηp2≈0.00 

F(1,57)=0.34, 

p=.562, ηp2=0.01 

Remaining vol. 
(cm3) 

0.008 0.006 0.006 0.007 
F(1,58)=0.48, 

p=.492, ηp2≈0.00 
- 

F(1,57)=0.50 

p=.485, ηp2=0.01 

Obturated vol. 

(cm3) 
0.047 0.012 0.044 0.015 

F(1,58)=0.76, 

p=.388, ηp2≈0.00 

F(1,57)=214.86, 

p<.001, ηp2=0.79 
- 

Table 5. Volume of the material removed (cm3) compared by groups of retreatment adjusted for obturated 

and remaining volume (cm3) 

 
Vol., Volume; Model 1: unadjusted; Model 2: Volume of the material removed (cm3) adjusted to obturated 

volume (cm3); Model 3: Volume of the material removed (cm3) adjusted to remaining volume (cm3); Results 

presented as means (standard deviations) 
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Files system 

(n=30) 

Files system + 
formic acid 10% 

(n=30)  
 

 M SD M SD t-test 

 15.82 11.24 12.90 12.40 t(58)=0.96 (p=.343) 

Table 6. Percentage of remaining volume (%) compared by groups of retreatment 

No differences were found between groups, t(58)=0.96, p=.343. The mean of 

percentage of remaining volume (cm3) for files system was M=15.82% (SD=11.24). For files 

system + formic acid 10%, the mean of percentage was 12.90 (SD=12.40). 

Figures 11 and 12 show boxplots and observations distributed with a jitter function 

to avoid overlap for volume of the material removed (cm3) and remaining volume (cm3) 

compared by groups of retreatment. Distributions of these variables by groups of 

retreatment show why ANOVA tests were non-significant.  

 

 

 

 

 

 

 

 

Figure 11. Volume of the material removed (cm3) compared by groups 
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Table 7 and Figure 13 present the results of a factorial ANOVA to compare the 

volume of the material removed (cm3) by groups of retreatment and patency. Because 

patency prevalence in the group of files system + formic acid 10% is 100%, no interaction 

was computed. Marginally significant results were detected for patency univariate 

comparisons, F(1,57)=3.68 (p=.060), ηp2=0.06, with higher volume of the material removed 

(cm3) in teeth with patency. 

 

 
Files system 

(n=30) 
 

Files system + 
formic acid 10% 

(n=30) 
 

 
No patency 

(n=11)  

Patency 

(n=19) 
 

No patency 

(n=0) 

Patency 

(n=30) 
Factorial ANOVA 

Vol. material 
removed (cm3) 

0.035 
(0.011) 

0.043 
(0.011) 

 NA 
0.038 
(0.012) 

Group: F(1,57)=0.45 (p=.507), ηp2≈0.00 

Patency: F(1,57)=3.68 (p=.060), ηp2=0.06 

Interaction: NA 

Table 7. Volume of the material removed (cm3) compared by groups of retreatment and patency 

 

Figure 12. Remaining volume (cm3) compared by groups (black dots identify outliers) 

NA, not applicable; Vol., volume; Results presented as means (standard deviations) 
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Teeth with no patency 

(n=11) 
Teeth with patency  

(n=49) 
 

 M SD M SD t-test 

 17.26 10.78 13.71 12.05 t(58)=0.96 (p=.343) 

Table 8. Percentage of remaining volume (%) compared by patency 
 

References: R Core Team (2022). R: A language and environment for statistical computing. 

R Foundation for Statistical Computing, Vienna, Austria. 

 

 

 

 

 

Figure 13. Interaction of groups of retreatment and patency for remaining volume (cm3) 
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5. Discussion 
 

This study evaluated the retreatability of the TotalFillÒ BC Sealer bioceramic by using 

XP-endoÒ shaper and XP-endoÒ finisher files and the behaviour of 10% formic acid as 

solvent. The parameters studied were patency and remaining volume in both groups. The 

importance of this study is due to the fact that in the literature, no desobturation technique, 

instrument or solvent has yet achieved the total elimination of this sealer (1,2,5,6,9–15).  

After the analysis of the results obtained in this study, we can consider that the null 

hypothesis "There is no difference in the removal of bioceramics between the group not 

using solvent (group 1) and the group using solvent (group 2)" is accepted. 

 

5.1 Consideration of the material used in the study 
 

There are different brands of bioceramics, one of them is TotalFillÒ BC Sealer (FKG 

Dentaire SA, Switzerland) which can also be found as EndoSequenceÒ BC Sealer (Brasseler 

USA, Savannah, GA, USA) and as iRoot SP (Innovative Bioceramix, Vancouver, Canada). These 

bioceramics are described by the manufacturer as a pre-mixed, ready-to-use, injectable 

bioceramic. It is a radiopaque, hydrophilic material that has a low contact angle which 

allows it to adapt and spread easily into the canals.  Thus, it is an excellent hermetic seal, 

and depending on the dentin moisture, it can take between 4-10 hours to be completely 

set. Although it is recommended by the manufacturer to obturate with a single cone 

technique, several studies have reached different conclusions regarding the quality of this 

obturation. Some report that the single cone technique obtains better results, but others 

show no difference with the other filling techniques. However, this technique is favourable 

because it is easier and faster to perform (1,3,5,6,8,11,12).  

In this study, the XP-endoÒ shaper and XP-endoÒ finisher range of files were used 

which present different characteristics from conventional mechanized files. According to 

the manufacturer, the XP-endoÒ shaper file is a "one file shaper" and is the combination of 
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two new advanced technologies, Maxwire and Booster Tip. The Niti Maxwire alloy provides 

the file with superelasticity, shape memory and shape change with temperature. At room 

temperature around 20ºC the file is in the martensitic phase where the file is malleable, but 

when inserted in the tooth and at body temperature around 35ºC it changes to the 

austenitic phase, in a superelastic state adapting perfectly to the canals and with more 

cutting efficiency. This file has an incredible cyclic fatigue due to its reduced taper and 

gauge. The Booster Tip technology allows 6 cutting points and also allows the 

instrumentation to start with a size 15 and end with a size 30. The advantage of this file is 

that it is conservative, does not remove unnecessary dentine, has good adaptation to canal 

irregularities and removes debris effectively. The XP-endoÒ finisher file shares the same 

technology as the Niti Maxwire alloy; what differs is that the XP-endoÒ shaper has cutting 

ability and this, scraping ability. This is due to its 25 gauge, 0 taper and its spoon shape 

(11,12,14).  

Different studies have shown that organic solvents are excellent in dissolving gutta-

percha, but none are effective in removing these sealers. As the single cone technique is 

often used, and especially in teeth with oval canals, the amount of bioceramic is greater 

than gutta-percha, which makes desobturation even more difficult. For this reason, further 

research has been conducted to come up with another way to facilitate the removal of the 

obturating material. Through the knowledge of the chemical characteristics of this filling, 

formic acid was suggested for showing the ability to dissolve Portland cement and due to 

the fact that formic acid reacts with calcium silicate, thus removing the calcium and making 

it soluble.  Studies were carried out to try to understand the percentage and the time to use 

in order to be effective but not cause structural damage to the dentin, and it was concluded 

that it would be formic acid at 10% concentration and with 5 minutes of action. The 20% 

concentration that was also studied was very aggressive and decreased the microhardness 

of the dentin (15,16).  

There are different ways to evaluate the quality of obturation and the amount of 

obturating and remnant material, such as apical radiography, confocal microscopy, optical 

microscopy and also scanning electron microscopy. However, these techniques have a 

drawback which is the possibility of loss of remnant material and alterations of the sample, 

mainly when making the sectional sections. Microcomputed tomography (micro-CT) and 
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CBCT techniques have been increasingly used, as they allow the visualization of three 

dimensional (3D) images of the sample (Figure 14). As they are non-destructive techniques, 

it is possible to repeat images of the same sample, and through software it is possible to 

measure volumes automatically, thus reducing errors in calculating the residual. One 

advantage of CBCT over micro-CT is that it is incongruous to use it in a dental clinic, 

although CBCT already has all the infrastructures and facilities for its installation in an office 

(1,2,4,5,7,8,11–15).  

5.2 Comparison of the results  
 

To evaluate the retreatability of the bioceramic cement, different protocols are 

designed: in some removal is done until patency is obtained, and others follow the same 

procedure for the whole sample, regardless of WL was reached or not. In the case of this 

study the same protocol was followed for all groups, that is, the instruments were used in 

the same amount of times and time as previously described. In order to evaluate the 

retreatability of the bioceramic, in the apical 2 mm only bioceramic was presented. In group 

1, in which only the file system was used, patency was achieved in 63,3% of the sample, 

Figure 14. 3D image corresponding to teeth 31-45 with remaining material 
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that is, 11 teeth did not have patency. In these 11 teeth, it was measured with the help of a 

10k file to which length the desobturation was. In average 1,32 mm apical were not able to 

be re-treated. In group 2, in which 10% formic acid was used as solvent, there was patency 

in 100% of the sample. Observing the value 1,32 mm, we can conclude that there was no 

difficulty in removing gutta-percha, but it was hard removing bioceramic. Comparing group 

1 and 2, we conclude that using formic acid is more effective in achieving patency and WL.  

Kakoura et al. evaluated the amount of remaining material and the restoration of 

WL and patency with different sealers, BioRootTM RCS (Septodont, France), TotalFillÒ BC 

Sealer and AH26 (Dentsply Maillefer, USA). The Protaper Universal retreatment file (Dentsply 

Maillefer, Switzerland) was used for retreatment and the canals were instrumented to 

50/04. In the TotalFillÒ BC Sealer group, 100% patency was achieved. In this study, 

retreatment was considered complete when the working length was reached and when no 

material particles came out with the file. In terms of obturation, the gutta-percha cone was 

up to the WL. The results of this study that only used one file system are largely due to the 

protocol followed; however, the use of large size files takes away a large amount of dentin 

(9). Unlike the previous study, Oltra et al. retreated until the WL was reached or resistance 

was felt, and in these cases, they continued with another file to try to reach patency. In the 

chloroform group, they achieved patency and WL in 93%, in the group that did not use 

chloroform they only achieved patency in 14%. That is, there are better results in the group 

that uses solvent, although chloroform is not 100% effective in the removal of bioceramic 

(1). In another study, Baranwal et al. used 2 different types of files, NeoEndo retreatment 

files (NeoEndo, Orikam Healthcare India Private Ltd.) and Protaper Universal Retreatment 

system (Dentsply Maillefer, Switzerland), and tried to re-instrument until the working length 

was reached, however, only 80% of the sample achieved patency and, in the group using 

the NeoEndo file only 80% achieved WL (13). In contrast, Agrafioti et al. obtained other 

results. In one group the cone was placed up to the working length and in the other group 

2 mm behind. With rotatory instruments and with the use of chloroform, they uncovered 

until reaching the WL and obtained patency, and they recorded the time. The group with 

bioceramic was the one that took more time to obtain patency and within this group the 

one which was obturated 2 mm from the apex was the one that took more time, about 6.24 

minutes, demonstrating the difficulty of removing bioceramic (6).  
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In this present study, the percentage of remaining material was also evaluated. 

Some previous tables demonstrate the volumes of obturation, the volume of material 

removed and also the material that remained inside the canal. However, the volumes 

between each study group cannot be comparable as each tooth had a different volume. In 

group 1, in which only the file system was used, the percentage of remaining material was 

on average 15.82%. Within this group, teeth that obtained patency had 14.99% of remaining 

material and teeth that did not obtain patency had 17.26%. In group 2, in which formic acid 

was used, there was 12.90% of remaining material, but 2 teeth in the group reached a 

percentage of 0% of remaining material. In group 1, the remnant values varied between 

2.56% and 45.23% and in group 2, they varied between 0% and 59.46%. There are great 

disparities in the values, what can be due to errors in the instrumentation and protocol 

follow-up, alterations in the anatomy of the tooth itself or because the files that were used 

were of small size and therefore, they wore out little in the coronal third, having more 

accumulation in this place. In the comparison between obtaining patency and the volume 

removed, it can be stated that when patency is obtained more material is removed and, in 

this case, in group 1 with patency, more material was removed than in group 2. This can be 

due to the fact that in group 1, patency was obtained using the XP-endoÒ shaper file and 

thus there was more removal due to the use of files, while in group 2, some cases obtained 

patency with the use of formic acid and the XP-endoÒ finisher that does not have wear 

action, but scraping action, which does not remove much material.  

A study by Rajda et al. compares teeth obturated with AH Plus and TotalFillÒ BC 

Sealer and retreated with the Reciproc R25 file (VDW, Munich, Germany). The bioceramic 

group represented the least amount of remnant. However, these values may be due to the 

differences in volumes between teeth (2). Another study by Volponi et al. compared 

different removal techniques in oval teeth and obturated with bioceramics. Among 3 

supplementary techniques, the use of the XP-endoÒ finisher file was the one that obtained 

the best results as in average 47.5% of the remnant was removed (11). Sinsareekul et al. 

and Crozeta et al. also incorporated the XP-endoÒ finisher file in their protocol. The first 

study agrees with the previous one as it defends that the file showed the best results in 

desobturation. However, the second study showed that the use of the ultrasonic tip 

removed almost 10% more material (12,14). In the study directed by Baranwal et al. two 
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different systems were used, NeoEndo Retreatment file and also Protaper Universal Niti 

rotatory, in which the most effective in removal was the NeoEndo system. When evaluating 

the removal between the coronal and apical thirds, there was less remnant in the coronal 

third in both due to the conicity of the files used (13). In Oltra et al. study, chloroform was 

used as solvent and the percentage of volume between thirds was evaluated. It was verified 

that in the group that used chloroform there was less remnant and the smallest amount of 

material was in the coronal third. On the contrary, in the group without the use of solvent 

the smallest amount was in the apical third (1).  In the study of Garrib et al., in which formic 

acid was used, the effectiveness of formic acid and EDTA 17% were evaluated as solvents. 

The conclusion was reached that formic acid is effective in removal while EDTA is only 

effective in smear layer removal (15).  

Correlating these studies becomes difficult as they compare different materials and 

different techniques. For these reasons more studies should be carried out and more 

protocols established. However, they all reach the same conclusion, that no method is 100% 

effective. 

 

5.3 Limits of the study 
 

 The limitations of this study are mainly due to the sample size and for only using 

canines as sample, which makes it impossible to directly reach conclusions as it would occur 

in multiradicular teeth and also in teeth with more pronounced anatomies. Another 

important limitation is that it is impossible to effectively reproduce the dynamics of the oral 

cavity, such as temperature and humidity, which may change the way the bioceramic 

adheres to dentin, and as the teeth used were not all extracted at the same time and for 

the same reasons, structural changes in the dentin may have occurred.  

In this study, we used the files more times than recommended by the manufacturer, 

as mentioned before, so it was also possible to evaluate in a qualitative way their 

performance, which showed that they have a longer working time than that mentioned; 

However, they may have altered in some way the results obtained. The capacity of cut may 



 

 27 

have been lost and consequently it may have removed less material and also in a less 

efficient way. Therefore, although they have a great cyclic capacity, they should be used as 

recommended. From a qualitative point of view, in many cases it was reported that there 

was a greater amount of material in the coronal third, which can also be correlated to the 

files, even though they are of excellent quality and performance. They have a small taper, 

which makes wear in the coronal third, which is generally the zone of greatest size, a little 

more difficult. 

 A possible variable of error could also be the CBCT program in which in some cases 

there was some difficulty in evaluating the desired volume; however, it is not significant in 

the results obtained. 

Besides all this, the use of formic acid is still little referenced, and in the research 

carried out, only one article was found that mentioned it in the retreatment with bioceramic, 

for this reason more studies are needed before this product is used in clinical practice.   
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6. Conclusions 
 

In conclusion, the null hypothesis was accepted, as statistically there is no difference 

between the two study groups. However, the group that used solvent obtained better 

results, and in 2 teeth it obtained total removal of the bioceramic, what demonstrates that 

the use of solvent can facilitate the retreatment.  

Regarding patency, the results are remarkable, since the use of formic acid helps a 

lot in obtaining patency and reaching the working length, in which the result was 100% 

when it was used.  

In terms of volumes, there is no difference in the removal of bioceramic between 

the two techniques.  

Comparing the group with less percentage of material (group 2), it was easier to 

reach patency. However, having less material can be related to the fact that it reached the 

working length and patency. In terms of percentage in the teeth with patency, the 

percentage of remnant is on average 13.71% and the teeth that did not have patency on 

average have 17.26% remnant, although there is no statistical difference between them.  
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Referências Bibliográficas

Conclusão
Os cimentos biocerâmicos de obturação foram adicionados ao mercado há́ relativamente pouco tempo e a sua remoção do sistema
de canais ainda não reuniu consenso quanto ao protocolo. Ainda nenhum método é totalmente eficaz na remoção destes cimentos e
por esse motivo e ́ um assunto que necessita mais estudos científicos.

Os mais recentes materiais de obturação introduzidos na Endodontia foram os cimentos de obturação biocerâmicos que, dadas as
excelentes propriedades que possuem, sobretudo a sua excelente biocompatibilidade permitem uma obturação com técnica de
cone único. Este cimento em contacto com a humidade da dentina tem a capacidade de formar hidroxiapatite a partir das ligações
de iões de fosfato nos túbulos dentinários. Esta forte ligação é benéfica aquando do selamento hermético dos canais, no entanto,
está agora a ser questionado se é possível a remoção total deste material com as técnicas hoje existentes.

Introdução

Objetivo
O objetivo principal deste trabalho é avaliar a eficácia de diferentes métodos na remoção de cimentos de obturação biocerâmicos.

Materiais e Métodos
Foi realizada uma pesquisa na PubMed, utilizando as palavras-chave “Endodontics” AND “Root Canal Obturation” AND “Single
Cone Techniques” AND “Retreatment” AND “Bioceramics” AND “CBCT”. Inicialmente obteve-se 66 artigos, após a aplicação de
diferentes critérios foram selecionados dez.

Discussão

Técnicas de retratamento

→ Limas manuais;
→ Instrumentos de transporte de calor; 
→ Solventes químicos (ácido fórmico, clorofórmio, eucaliptol...); 
→ Dispositivos ultrassónicos; 
→ Laser; 
→ Instrumentos acionados por motor (Brocas Gates 

Glidden, instrumentos rotatórios Niti);

Objetivo do retratamento

→ Remoção total do material obturador e cimento;
→ Recuperar patência até ao comprimento de 

trabalho;
→ Efetuar desinfeção eficiente dos canais; 
→ Promover a cicatrização de tecidos periapicais; 

CBCT

→ Várias técnicas são utilizadas para avaliar o 
remanescente, no entanto, são bidimensionais 
não sendo precisas na medição; 

→ O micro-CT e o corte longitudinal têm sido 
bastante utilizados, mas apenas o CBCT consegue 
detetar todo o comprimento do canal radicular; 

Material remanescente

→ Em geral, o comprimento de trabalho tem sido 
alcançado;

→ A remoção total nunca é alcançada;

→ Dependendo das técnicas utilizadas a maior 
parte do material encontra-se no terço coronal;

Fig.1. Imagem representativa do CBCT e corte longitudinal, Oltra et al., 2017
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