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Abstract 

The aim of the presented study was to compare the efficacy of three different retreatment techniques in 
the removal of gutta-percha and bioceramic-based sealer in the different parts of the root canal. 
Extracted human single rooted teeth (n=66) were used. Teeth were divided into six groups: Gr1 – 
retreated using ProTaper Universal Retreatment files after filling with central cone technique; Gr2 –
ProTaper Universal Retreatment files after cold lateral compaction technique; Gr3 – hand instruments 
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after central cone filling technique; Gr4 – hand instruments after cold lateral compaction technique; Gr5 
– ultrasonic tips after central cone technique; Gr6 - ultrasonic tips after cold lateral condensation.
Residual filling material was evaluated using computed tomography and microscope observation. Best
removal of filling material was achieved in the middle part or the root canal and worse in the coronal.
When central cone technique was used, best cleaning was observed with hand instruments in the
coronal and middle part and with ultrasound in the apical part. There was no statistically significant
difference in the coronal and middle third of the canal when lateral compaction technique was used,
the ultrasound performed best in the apical part.

Keywords: retreatment, bioceramic-based sealer, machine retreatment files. 

Introduction 

Despite of the high success rates of endodontic treatment there are still cases, when failures occur. The 
present data in literature reveals overall success rates varying between 78 and 90% [1,2,3]. The main 
reasons for endodontic failures are persistence of bacteria, inadequate filling of the canal (insufficiently or 
overfilled), coronal leakage, untreated root canals, iatrogenic errors [4]. The most common mean of 
treatment is nonsurgical retreatment, especially in cases with technical deficiencies. It is reported to have 
higher success rates (78%) than surgical retrograde one (63%) [1]. The success of the nonsurgical 
retreatment depends on the complete removal of the root filling material and the consequent adequate 
cleaning and shaping of the entire root canal system. 

Usually the root canal is filled with gutta-percha and a sealer [5]. Sealer is needed, because of the lack of 
bonding of the gutta-percha to the dentine of the root canal [6]. Sealers are divided into several groups, 
according to their chemical composition: zinc oxide-eugenol, calcium hydroxide, glass-ionomer, resin [7]. 
Recently sealers with calcium-silicate based technology have been developed. They have two very 
important advantages. They are biocompatible and they contain calcium phosphate, which has a chemical 
composition and crystalline structure similar to tooth apatite, which results in good bonding to root dentin 
[8,9,10]. On the other side the good boding of these materials leads to one of their disadvantages – they 
are difficult to be removed from the root canal system if retreatment is needed [11,12]. The present data 
concerning the retreatability of those sealers is controversial [12,13]. 

Removal of the root canal filling can be achieved with several different methods– ultrasonic technique, 
hand instruments, chemical solvents, heat pluggers, rotary nickel-titanium instruments, specifically 
designed for removal of root canal filling material [11,13,14]. The efficacy of these methods can be 
assessed by many ways. Some of the methods include splitting of the teeth and observation under 
microscope, others - making the tooth transparent [15,16]. These techniques need the specimens to be 
destroyed. Other methods are radiographic examination and computed tomography [16,17]. The aim of 
the presented study was to compare the efficacy of three different retreatment techniques in the removal 
of gutta-percha and bioceramic-based sealer in the different parts of the root canal. 
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Materials and methods 

Extracted human single rooted teeth (n=66) with straight roots and completely formed apices were 
collected, cleaned and stored in 0.5% NaOCl. They were examined with an operating microscope (Leica 
M320, Germany) under x16 for the presence of micro cracks. The crowns were removed with a diamond 
disk and 15mm root segments were obtained. Roots with size of the apical foramen above 20 were 
excluded. A K-file size 15 was used to determine working length (one mm shorter than the length till the 
apical foramen). 

Roots were enlarged using torque-controlled electric motor, operated according to the manufacturer’s 
instructions with ProTaper Universal files (Dentsply Maillefer, Bellaigues, Switzerlandup to size F2. NaOCl 
5.25% was used for irrigation during root canals enlargement. The roots were dried with paper points 
(Dentsply Maillefer, Bellaigues, Switzerland). Half of the canals (n=33) were filled with matched-taper 
single cone technique and bioceramic based sealer (MTA Fillapex, Angelus, Londrine, PR, Brazil) and the 
rest (n=33) with cold lateral compaction technique (master cone#25) and the same sealer. The coronal 
access cavities of the specimens were sealed with temporary filling material (MD-Temp, Meta Biomed Co 
Ltd, South Korea). Postoperative radiographs were made in order to check the quality of the fillings. Teeth 
were stored in 100% humidity for 3 weeks to allow complete setting of the sealer. 

Teeth were randomly assigned into six groups (n=11), according to the retreatment method and filling 
technique: Gr1 – retreated using ProTaper Universal Retreatment files and filled with central cone 
technique; Gr2 – retreated using ProTaper Universal Retreatment files and filled with cold lateral 
compaction technique; Gr3 – hand instruments and central cone filling technique; Gr4 – hand instruments 
and cold lateral compaction technique; Gr5 – ultrasonic tips and central cone technique; Gr6 - ultrasonic 
tips and cold lateral condensation. 

For all groups first Gates Glidden #3 (Dentsply Maillefer, Bellaigues, Switzerland) was used to remove the 
gutta-percha in the coronal 2 mm. Then solvent (orange oil) was applied. 

For groups one and two ProTaper Universal Retreatment files were used consequently – D1, D2, D3 – in 
a crown down manner to remove the gutta-percha from the coronal middle and apical part of the root 
canal. The patency of the canal was checked with a K file #25 (Dentsply Maillefer, Bellaigues, 
Switzerland). For groups three and four the retreatment was preceded with H- files (Dentsply Maillefer, 
Bellaigues, Switzerland) with clock wise half-turn and brushing motions until root canal patency was re-
established. Ultrasonic tips (EMS) # 20 were used for the retreatment of the third group. 

Working length and smoothness of all root canals was checked at the end with a K file #25. Retreatment 
was accepted as fulfilled when the last instrument that went to full working length was with no filling 
material on it and the walls were felt smooth. Three millilitres of 5.25% NaOCL were used for irrigation 
during the removal of the filling material and two millilitres for a final flush. The canals were dried with 
paper points. 

Specimens were numbered and scanned with CT. The volume of sealer in each third was determined 
according to the following grading system: score 0 – no presence of residual filling material; score 1 – less 
than 1/3 of the wall is covered with residual filling material; score 2 – 1/3 to 2/3 of the wall is covered with 
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filling material; score 3 – more than 2/3 is covered; score 4 – the whole wall is covered wit residual filling 
material. 

Teeth were sectioned longitudinally and observed under microscope (Leica M320, Germany) under 16x 
magnification. Images were taken and the amount of residual material in the different portions (apical, 
coronal, middle) of the canal was evaluated according to the above mentioned scale. 

SPSS software (Version 19) was used to analyze the data. The remaining root filling material in the 
different parts of the root canals was analyzed using Kruskal-Wallis test for comparison of more than 2 
groups and Mann-Whitney for comparison of 2 groups. Kendall's tau_b correlation coefficient was used to 
asses the results achieved with computed tomography and operating microscope. 

Results 

Complete removal of filling material was not achieved in any part of the root canal. In most of the samples 
the material that was found was sealer. Only in 6% of the cases was found gutta-percha in the coronal 
and middle part of the root canal and in 9% in the apical. 

Table 1: Samples with different scores in the different regions of the root canal 

n % 

M coronal Absence of residual filling material 48 36.4 

Residual filling material covering less than 1/3 of the wall 51 38.6 

Residual filling material covering 1/3 to 2/3 of the wall 22 16.7 

Residual filling material covering more than 2/3 of the wall 10 7.6 

Whole wall covered with residual filling material 1 0.8 

M middle Absence of residual filling material 67 50.8 

Residual filling material covering less than 1/3 of the wall 49 37.1 

Residual filling material covering 1/3 to 2/3 of the wall 14 10.6 

Residual filling material covering more than 2/3 of the wall 2 1.5 

Whole wall covered with residual filling material 0 0.0 

M apical Absence of residual filling material 57 43.2 

Residual filling material covering less than 1/3 of the wall 44 33.3 

Residual filling material covering 1/3 to 2/3 of the wall 13 9.8 

Residual filling material covering more than 2/3 of the wall 17 12.9 

Whole wall covered with residual filling material 1 0.8 
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In the presented study complete removal of the filling material in the coronal part of the root was achieved 
in 36,4% of the samples (table 1). When comparing the different retreatment techniques least cases with 
complete removal of filling material were observed when NiTi rotary instruments were used (10.6%). The 
results achieved with hand instruments and ultrasonic tips were comparable (31.81% and 30.3% 
respectively). As a whole best removal of root canal filling in the coronal part was achieved using the 
ultrasonic tips and the hand instruments, the difference between the two methods being statistically 
insignificant (table 2; fig 1). 

Table 2: Difference in the cleaning of the filling material in the different parts of the root canal with 
the different techniques. 

Part of the root 

canal 
p overall p machine/ hand 

p machine/ 

ultrasonic tips 

p hand/ ultrasonic 

tips 

Coronal 0.001 0.001 0.002 0.769 

Middle 0.043 0.019 0.771 0.044 

Apical 0.001 0.008 0.001 0.272 

When comparing the two filling techniques complete removal was recorded in 28.78% of the samples filled 
with lateral compaction technique and 42.42% from the ones with central cone technique. 

Concerning the middle part of the root canal, complete removal of the filling material was achieved in 
50.8%. The hand instruments showed best results in this part (43.96% of the samples were absolutely 
clean), while the NiTi and ultrasonic instruments presented worse (27.27% and 31.8% respectively) (fig.2, 
tabl.2). 

Fig. 1: Plots of the residual filling material in the coronal part 
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Fig. 2: Plots of the residual filling material in the middle part 

Lateral compaction filling technique again presented with less samples with complete removal of filling 
material (45.45% compared with 56.06% for the single cone technique). 

Fig. 3: Plots of the residual filling material in the apical part 

The ultrasonic tips presented best in the apical part. In 39.39% of the samples there was no residual 
material at all. For the NiTi machine and hand instruments the percent were 16.66 and 28.78 respectively. 
When central cone technique was used, best removal of root canal filling material was observed in the 
coronal and middle part with hand instruments. In the apical part the ultrasound tips performed better than 
the hand instrumentation (lowed median), although the difference was not statistically significant (table 3). 
The machine instruments presented significantly worse than the ultrasonic (p=0.006). 
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Table 3: Difference in the effectiveness of cleaning of teeth filled with central cone technique in the 
different parts of the root canal with different techniques. 

Part of the root 

canal 
p overall p machine/ hand 

p machine/ 

ultrasonic tips 

p hand/ ultrasonic 

tips 

Coronal <0.001 <0.001 0.001 0.517 

Middle 0.005 0.002 0.476 0.010 

Apical 0.023 0.088 0.006 0.390 

There was no statistically significant difference in the amount of the remaining root canal filling material in 
the coronal and middle third of the canal between the different techniques when lateral compaction 
technique was used. The ultrasonic tips performed best in the apical part, although the difference with the 
hand instrumentation was not statistically significant (table 4). 

Table 4: Difference in the effectiveness of cleaning of teeth filled with lateral compaction technique 
in the different parts of the root canal 

Part of the root 

canal 

p overall p machine/ hand p machine/ 

ultrasonic tips 

p hand/ ultrasonic 

tips 

Coronal .591 .397 .360 .901 

Middle .893 .875 .758 .642 

Apical .033 .040 .021 .455 

When comparing the results achieved with the computed tomography it was established that it revealed 
less filling material than the control with the operating microscope. The correlation between the results 
achieved with the computed tomography and the microscope observation are presented on (table 5). 

Table 5: Correlation between the results achieved with computed tomography and operating 
microscope 

Coronal part Middle part Apical part 

Kendall’s tau b 0.347 0.177 0.255 

Sig.(2-tailed) 0.002 0.134 0.024 

N 66 66 66 
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Discussion 

Complete removal of all filling materials from the root canal during the retreatment is very important for the 
uncovering of the necrotic tissues and bacteria that might be responsible for the endodontic failure [Rôças 
2004]. The results showed that a complete removal of the filling material, no matter of the filling technique 
or retreatment method couldn’t be achieved. This corresponds with the results of some other authors 
[Ersev 2012, Uzunoglu 2015, Oltra 2016]. Worst cleaning as a whole was observed in the coronal part of 
the root canal. Uzunoglu et al and Oltra et al found the same [16,20]. This might be attributed to the root 
canal anatomy. The ultrasonic and hand instruments presented significantly better than the NiTi machine 
instruments. This does not correspond to some other studies [13, 14, Bramante 2010,]. Concerning the 
ultrasonic instruments this might be attributed to the vibrations of the tip that lead to de-bonding of the 
sealer on one side and the heat, generated by the friction of the tip, that leads to plasticization of the 
gutta-percha on the other [Rashad-Junior 2014]. Compared with the hand instruments, the machine NiTi 
rotary instruments does not fit that well to the root canal walls, especially in cases with oval shaped 
canals, which might be the explanation of the better results achieved with the hand instruments. 

Best removal of filling material was achieved in the middle part or the root canal. This might be explained 
with the fact that in this region the anatomy is not that complex as in the apical region or at the level of the 
orifice, the walls are smooth and the sealer is easier to be removed. In the apical one-third the achieved 
results were closer to that from the coronal part, although a little bit better. This might again be attributed 
to the specific anatomy in this region and the difficult instrumentation. Worst results were achieved with 
the machine instruments. This could be explained with the fact that the tip of D3 file is #20, while F2 (the 
file till which we have enlarged) file’s tip is #25. So the tip of D3 does not correspond exactly to the 
diameter of the canal and more remnants might be expected. That is why there are authors who does not 
recommend the separate use of machine rotary instruments and recommend their combining with hand 
instruments for ensuring better results [14]. This was the region where the biggest amount of residual 
gutta-percha (9% of the cases) was observed. A possible explanation of this fact might be that we have 
placed gutta-percha solvent only in the coronal part of the root, so in this region its plasticization and 
removal was harder. 

Orange oil was used as a solvent in the presented study. Xylol and chloroform are classified as one of the 
strongest solvents of gutta-percha [23] but they also present the most undesirable effects to the periapical 
tissues and are considered potentially carcinogenic and neurotoxic [24,25]. According to some studies the 
effect of orange oil is statistically similar to that of chloroform [26] and xylol [27] although there are also 
studies with opposite results [28,29]. We have preferred it because it’s accepted as safe, biocompatible 
and are non-carcinogenic [26]. 

The residual filling material after root canal retreatment was evaluated using several different techniques. 
One way was the longitudinal sectioning of the tooth, followed by observation under microscope and 
measured linearly [Imura 2000] or using evaluation scales [Barrato 2002, Sae Lim 2000]. The basic 
limitation this type of studies is that residual obturation material may be displaced and lost while splitting 
the roots. Other authors have used radiographic examination [Masiero 2005, Gergi 2007]. There are also 
studies where specimens were rendered transparent, photographs were made and the residual material 
was evaluated [Tasdemir 2008, Gu 2008]. The limitation of both type of studies is the two-dimensional 
information that radiographs and photographs give for a three-dimensional object. Computed tomography 
is a noninvasive method that allows observation of morphological features in detail [Bergmans 2001]. 
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Conclusions 

Complete removal of filling material was not achieved in any part of the root canal. Best removal of filling 
material was achieved in the middle part or the root canal and worse in the coronal. When central cone 
technique was used, best cleaning was observed with hand instruments in the coronal and middle part 
and with ultrasound in the apical part. There was no statistically significant difference in the coronal and 
middle third of the canal when lateral compaction technique was used, the ultrasound performed best in 
the apical part. 
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