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Introduction 
Inability to efficiently clean the root canal 

from filling materials in retreatment results in 

incomplete removal of microorganisms and 

inadequate cleaning, and subsequent reduction 

in retreatment success rate [1]. Root canal 

therapy has a success rate of approximately 

90% [2]. Nonetheless, treatment failure occurs 
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 Abstract  

Background and Aim: The present study compared the  
retreatment efficacy of D-RaCe, SP1, and R-Endo rotary files in  
gutta-percha removal from the mesiobuccal canal of mandibular  

molars by micro-computed tomography (micro-CT).    
Materials and Methods: In this experimental in vitro study, 30 
mandibular molars were prepared with Denco-D-Super files and filled 
using gutta-percha and AH Plus sealer by the lateral compaction 
technique. Root canals then underwent micro-CT, and the amount of 
root filling material was measured on images using LOTUS InVivo-
REC software. The teeth were randomly assigned to three groups 

(n=10) for retreatment with D-RaCe, SP1, and R-Endo systems. 
They underwent micro-CT again after retreatment, and the volume 
of residual root filling material in the root canals was calculated. The 
percentage of cleaning efficiency of each system in removal of  
gutta-percha from the mesiobuccal canal was calculated and  
compared among the three groups by two-way ANOVA and Tukey’s 

test (alpha=0.05). 

Results: File type (P=0.05) and root canal region (apical, middle, or 
coronal third) (P<0.001) had significant effects on the percentage of 
cleaning efficiency. SP1 was significantly superior to R-Endo  
regarding cleaning efficiency (P=0.04). D-RaCe had the highest 
cleaning efficiency in the apical third (85.12%) while SP1 had the 
highest cleaning efficiency in the middle (91.57%) and coronal 

(68.22%) thirds. R-Endo had the lowest cleaning efficiency in the 
entire root canal system. 
Conclusion: Although none of the systems had 100% cleaning  
efficiency, the cleaning efficiency of D-RaCe and SP1 was superior to 
R-Endo for retreatment of mesiobuccal canal of mandibular molars.   
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due to a number of reasons, such as poor  

adherence to the standard protocols,  

inadequate instrumentation of the root canal 

system, residual microorganisms remaining in 

the canal, poor quality of obturation,  

under-extension or over-extension of root  

filling material, and coronal leakage [3].  

Although no retreatment method is capable of 

complete removal of root filling materials from 

the root canal, maximum removal of root filling 

material is imperative in endodontic  

retreatment to ensure a high success rate [1].  

Several endodontic instruments have been 

suggested for more efficient elimination of root 

filling materials from the root canals such as 

hand files, ultrasonic instruments, laser, rotary 

instruments including Gates-Glidden drills and 

nickel-titanium (NiTi) rotary files, and solvents 

[1], among others. D-RaCe, SP1, and R-Endo are 

among the commonly used retreatment rotary 

systems designed specifically for intra-canal 

filling material removal.  

Several methods have been suggested for 

evaluation of the efficacy of endodontic  

instruments in removal of root filling materials 

in root canal retreatment such as assessment 

by stereomicroscope, cone-beam computed 

tomography, scanning electron microscopy, 

and micro-computed tomography (micro-CT) 

[4]. The main advantage of micro-CT is its high 

accuracy for detection and quantification of 

residual root filling materials without physical 

manipulation of root canals [5].  

Considering the gap of information  

regarding the comparative retreatment efficacy 

of D-RaCe, SP1, and R-Endo in removal of root 

filling materials, this study aimed to compare 

the retreatment efficacy of D-RaCe, SP1, and  

R-Endo in removal of gutta-percha from the 

mesiobuccal canal of mandibular molars using 

micro-CT. The null hypothesis was that no  

significant difference would be found in  

retreatment efficacy of D-RaCe, SP1, and  

R-Endo in removal of gutta-percha from the 

mesiobuccal canal of mandibular molars. 

Materials and Methods  
This experimental in vitro study was carried 

out on 30 mandibular molar teeth that had 

been extracted as the result of hopeless  

periodontal prognosis or as part of prosthetic 

treatment plan. The study protocol gained  

approval from the ethics committee of  

Islamic Azad University, School of Dentistry 

(IR.IAU.DENTAL.REC.1400.161). 

Sample size: 

The sample size was calculated to be 10 in 

each group based on previous investigations 

and assuming α=0.05, β=0.2, and study power 

of 80% to find a maximum difference 30% 

larger than the standard deviation [6,7]. 

Eligibility criteria: 

The inclusion criteria were mandibular  

molars with completely formed roots, no  

internal/external root resorption, no  

calcification, no fracture, and no previous  

endodontic treatment. Also, the mesiobuccal 

canals had to have 20 to 30-degree curvature 

as measured according to the Schneider’s 

method [6]. The teeth underwent periapical 

radiography in mesiodistal and buccolingual 

directions to ensure their eligibility for study 

inclusion [6].   

Methodology: 

The tooth crowns were cut by a diamond 

disc (KG Sorensen, Cotia, SP, Brazil) at low 

speed under water coolant to standardize the 

root length at 16 mm in all teeth. Access cavity 

was created by a round diamond bur  

(Bosphorus, Istanbul, Turkey). To determine 

the working length, a #15 K-file (Mani Inc., 

Tochigi, Japan) was inserted into the canal until 

its tip was seen at the apex. Working length 

was determined 0.5 mm shorter than the apical 

foramen [8]. After access cavity preparation, 

the root canals were rinsed with 10 mL of 2.5% 

sodium hypochlorite. For this purpose, a #15 

manual K-file was first introduced into the  

canal to find the canal path. 

The root canals were then instrumented 

with Denco-D-Super files (Shenzhen Denco 
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medical Ltd., China) at a speed of 150 to 350 

rpm and 2 N/cm torque as instructed by the  

manufacturer. This system has 6 file sizes,  

including 3 shaping and 3 finishing files. SX is 

the orifice shaper with 19 mm length and 3.5% 

to 19% variable taper from the tip to the shank. 

S1 file (purple) is size 10 with 25 mm length, 

S2 file (white) is size 15 with 25 mm length, F1 

file (yellow) is size 20 with 25 mm length, F2 

file (red) is size 25 with 25 mm length, and F3 

file (blue) is size 30 with 25 mm length, that 

were used in an orderly manner as instructed 

by the manufacturer. In the process of  

instrumentation, the root canals were  

frequently irrigated with 10 mL of 2.5%  

sodium hypochlorite (Microvem, Istanbul,  

Turkey) with a 30-gauge needle (aviTip,  

Ultradent Products, South Jordan, UT, USA). 

Next, the canals were rinsed with 17% EDTA 

(Imicryl, Konya, Turkey) for 1 minute for 

smear layer removal. The root canals were  

finally irrigated with 10 mL of 2.5% sodium 

hypochlorite followed by a final rinse with  

saline. They were then dried with paper points 

(Diadent, South Korea) and obturated with  

gutta-percha (Diadent, South Korea) and AH 

Plus sealer (Dentsply, DeTrey, Konstanz,  

Germany) by the lateral compaction technique. 

The root filling length was 12 mm. Excess  

gutta-percha was removed by a hot instrument, 

and the root filling was packed with an  

endodontic plugger. The teeth were then  

temporarily restored with Cavit (3M ESPE, 

Germany) with 4 mm thickness to ensure  

optimal coronal seal [3]. The teeth were then 

incubated at 37°C for 3 weeks to allow  

complete setting of sealer. Next, the teeth  

underwent micro-CT (LOTUS-InVivo) with 19 

µm pixel size, 80 kV voltage, 100 µAm  

amperage, and 28-minute time for each root. 

To reconstruct 2D images in the axial plane, 

cross-sectional slices with 50 µm slice  

thickness were reconstructed perpendicular to 

the longitudinal axis of the tooth from the apex 

towards the coronal region. Accordingly, 2D 

images were reconstructed using LOTUS-

InVivo-ACQ software. Empty spaces and filled 

areas were reconstructed according to their 

difference in density first two-dimensionally, 

and then three-dimensionally using the  

software program, and their volume was  

quantified and reported in cubic millimeters 

(mm3) [9].  

Next, the teeth were randomly divided into 

three groups (n=10) for retreatment with  

D-RaCe, SP1, and R-Endo rotary systems using 

a table of random numbers. The teeth then  

underwent retreatment by the same operator. 

For this purpose, root filling materials were 

removed from the coronal part of the canal  

using #2 and #3 Gates-Glidden drills.  

Afterwards, 1 drop of chloroform solvent was 

added to the canal [10]. Depending on group 

allocation of the teeth, they underwent  

retreatment with D-RaCe NiTi rotary system 

(FKG, La Chaux-de Fonds, Switzerland), SP1 

(Dentaire, SP1-RTRA, China), or R-Endo  

(Micro-Mega, France) as instructed by the 

manufacturer.  

D-RaCe group: D-RaCe retreatment system 

has two files of DR1 and DR2. DR1 operates at 

1000 rpm with 1 to 1.5 N/cm torque and is 

used for the coronal third while DR2 operates 

at 600 rpm with 1 to 1.5 N/cm torque and is 

used for the middle and apical thirds of the  

canals.  

SP1 group: SP1 files with size 30 are used 

for the coronal third, those with size 25 are 

used for the middle third, and files with size 20 

are used for the apical third of the canal with a 

speed of 350 rpm and 2 N/cm torque.  

R-Endo group: This system includes three 

files of R1, R2, and R3. R1 is used for the  

coronal third, R2 for the middle third, and R3 

for the apical third, with a suggested speed of 

300 to 400 rpm and 1.5 N/cm torque. The files 

are used with gentle apical pressure.  

All files were discarded after use in 5 canals 

[11]. In the process of endodontic retreatment, 

the root canals were rinsed with 10 mL of 2.5% 

sodium hypochlorite with a 30-gauge needle 

(aviTip, Ultradent Products, South Jordan, UT, 
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USA) after using each file. Also, after  

completion of instrumentation, the canals were 

rinsed with 17% EDTA for 1 minute followed 

by 10 mL of 2.5% sodium hypochlorite, and a 

final rinse with saline. They were then dried 

with paper points. The criteria for  

accomplishment of retreatment included 

reaching the primary working length,  

observing smooth canal walls, and absence of 

any root filling material on the files. The teeth 

underwent micro-CT again to quantify the  

residual root filling material in the canals in 

each group. The volume of residual  

gutta-percha and sealer in the canal was  

divided by the total volume of root filling  

material and multiplied by 100 to calculate the 

volumetric percentage of cleaning efficiency of 

the rotary systems. Figures 1-3 show the  

micrographs of representative specimens from 

the three groups before and after retreatment. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Micro-CT view of the canal before and after 

retreatment with SP1 files: (A) apical third before  

retreatment, (B) apical third after retreatment; (C) middle 

third before retreatment; (D) middle third after  

retreatment, (E) coronal third before retreatment; (F) 

coronal third after retreatment 

 

Apical transportation was also calculated by 

LOTUS InVivo-REC software as a secondary 

outcome [9]. Canal transportation was only 

calculated in the apical third by using a digital 

caliper for the measurements on the scans with 

the formula below: 

Canal transportation = (M1-M2) – (D1-D2) 

Where M1 is the shortest distance between the 

mesial wall of the root and mesial wall of the 

uninstrumented canal 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Micro-CT view of the canal before and after 

retreatment with D-RaCe files: (A) apical third before 

retreatment, (B) apical third after retreatment; (C) middle 

third before retreatment; (D) middle third after  

retreatment, (E) coronal third before retreatment; (F) 

coronal third after retreatments 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Micro-CT view of the canal before and after 

retreatment with R-Endo files: (A) apical third before 

retreatment, (B) apical third after retreatment; (C) middle 

third before retreatment; (D) middle third after  

retreatment, (E) coronal third before retreatment; (F) 

coronal third after retreatment 

 

M2 is the shortest distance between the  

mesial wall of the root and mesial wall of the 

instrumented canal 

D1 is the shortest distance between the  

distal wall of the root and distal wall of the  

uninstrumented canal 

D2 is the shortest distance between the  

distal wall of the root and distal wall of the  

instrumented canal [12] (Figure 4).  

Statistical analysis:  

Data were statistically analyzed by SPSS 25. 
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Figure 4. Schematic view of measurement of apical 

transportation 

 

The percentage of residual root filling  

material in the coronal, middle, and apical 

thirds of the canals in the three groups was  

calculated and reported. Repeated measures 

ANOVA and two-way ANOVA were used to  

analyze the effect of file type and root canal 

region (coronal, middle or apical third) on  

the percentage of residual gutta-percha.  

Pairwise comparisons were performed by 

the Tukey’s test. One-way ANOVA was also  

applied to compare the three groups regarding  

canal transportation. Level of significance was 

set at 0.05. 

 

 

 
 
 

Results  
Table 1 indicates the measures of central 

dispersion for the percentage of cleaning  

efficiency of the three systems. Two-way 

ANOVA showed significant effects of type of 

retreatment rotary system (P=0.05) and root 

canal region (coronal, middle or apical third) 

(P<0.001) on the percentage of cleaning  

efficiency of the files; however, their  

interaction effect was not significant (P=0.48).  

Pairwise comparisons of the groups by  

the Tukey’s test showed significantly superior 

cleaning efficiency of SP1 to R-Endo (P=0.04). 

No other significant differences were noted 

(P>0.05, Table 2). Also, pairwise comparisons 

of different regions of the root canals by the 

Tukey’s test revealed significant differences 

between the middle and coronal (P<0.001), 

and also apical and coronal (P=0.002) thirds 

(Table 3) such that the cleaning efficiency of 

the files was significantly lower in the coronal 

third.  

Table 4 presents the measures of central 

dispersion for canal transportation in the  

three groups. According to one-way ANOVA, 

the three groups had no significant difference 

in this regard (P=0.78).  

 

 

 
 
 

Table 1. Measures of central dispersion for the percentage of cleaning efficiency of the three systems (n=10) 

 

Region Group Mean Std. deviation 
95% CI 

Lower bound Upper bound 

Apical third 

SP1 

D-RaCe 

R-Endo 

76.58 

85.12 

69.73 

18.68 

12.22 

16.09 

63.22 

76.38 

58.22 

89.94 

93.86 

81.24 

Middle third 

SP1 

D-RaCe 

R-Endo 

91.57 

78.32 

75.96 

2.63 

20.43 

24.36 

89.69 

63.71 

58.53 

93.76 

92.93 

92.38 

Coronal third 

SP1 

D-RaCe 

R-Endo 

68.22 

49.28 

37.75 

29.86 

37.11 

52.41 

46.86 

22.73 

0.26 

89.58 

75.83 

75.25 
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Discussion 

This study compared the retreatment  

efficacy of D-RaCe, SP1, and R-Endo in  

removal of gutta-percha from the  

mesiobuccal canal of mandibular molars 

using micro-CT. The results showed that 

none of the tested systems could completely 

remove the root filling materials from the 

root canal system, which was in agreement 

with previous findings [13,14]. Due to  

anatomical complexities of the root canals, 

and inability of endodontic instruments to 

 

 

 

 

access all parts of the root canal, complete 

elimination of root filling materials is not 

possible [6,15]. The results also showed a 

significant difference in cleaning efficiency 

of the three systems, such that D-RaCe had 

the highest cleaning efficiency in the apical 

third and SP1 had the highest cleaning  

efficiency in the middle and coronal thirds. 

R-Endo had the lowest efficiency in the  

entire root canal system. In total, the  

difference between SP1 and R-Endo was 

significant. Thus, the null hypothesis of the 

Table 2. Pairwise comparisons of the rotary systems regarding their percentage of cleaning efficiency 

 

Group 

(I) 

Group 

(J) 
Mean difference Std. error 

95% CI 

P value 
Lower bound Upper bound 

SP1: 

SP1: 

R-Endo: 

D-RaCe: 

R-Endo: 

D-RaCe: 

7.89 

17.65 

9.76 

7.09 

7.09 

7.09 

9.05- 

0.71 

7.17- 

24.82 

34.58 

26.69 

0.51 

0.04 

0.36 

Table 3. Pairwise comparisons of three parts of the root regarding cleaning efficacy of retreatment files 

 

Group (I) Group (J) Mean difference Std. error 

95% CI 

P value 
Lower bound Upper bound 

Apical 

Apical 

Middle 

Middle 

Coronal 

Coronal 

4.80 

25.39 

30.19 

7.09 

7.09 

7.09 

21.74- 

8.46 

13.26 

12.13 

42.33 

47.13 

0.78 

0.002 

0.001 

Table 4. Measures of central dispersion for canal transportation in the three groups (n=10) 

 

Region Group Mean Std. deviation 

95% CI 
 

P value Lower bound Upper bound 

Apical 

SP1 

D-RaCe 

R-Endo 

0.07- 

0.00 

0.01 

0.21 

0.27 

0.33 

0.22- 

0.19- 

0.23- 

0.08 

0.19 

0.25 

0.78 
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study was rejected. However, the difference 

in canal transportation was not significant 

among the three groups.  

The retreatment efficacy of the files in 

removal of gutta-percha depends on file  

design, cutting efficiency, and mechanical 

and physical properties of the files [16]. It 

has been reported that continuous rotation 

of the files in the root canal system results 

in more efficient cutting through the root 

filling materials, and their more effective 

removal [17]. Different properties of the 

files such as their cross-sectional design, 

size, and taper can explain their differences 

in removal of root filling materials. The  

D-RaCe rotary system has a triangular and 

plain cross-section along with intermittent 

cutting edges, which increase its cutting  

efficiency and removal of gutta-percha from 

the root canal system. These files also have 

an active cutting tip [8].  

Parameters such as cross-sectional  

design of the files, their cutting efficiency, 

and kinematics affect removal of root filling 

materials, such that a larger cross-section 

enhances the removal of root filling  

materials and debris. On the other hand, a 

smaller contact area between the  

instrument and the root canal wall  

decreases the risk of file fracture and  

provides a space for coronal extrusion of 

gutta-percha. The type of metal alloy of the 

files can also increase their efficacy [8]. SP1 

rotary files are made of CM wire alloy, and 

have a titanium oxide coating. Also, these 

files have two active cutting points, and are 

activated in the canal with full-rotation 

movements; these parameters are probably 

responsible for higher efficacy of these files 

in removal of root filling materials from the 

root canal [18].  

All three rotary systems used in the  

current study have NiTi alloys; also, R-Endo 

and SP1 files have a square-shaped  

cross-section, which should confer further 

resistance to these files compared with  

rectangular cross-section [10]. SP1 and  

D-RaCe files used for the coronal third  

better prepared the path for cleaning of 

middle and apical thirds, due to their  

greater taper while this was not the case for 

R-Endo files. These files have not been  

previously assessed in the literature to 

compare our results with.  

Rödig et al. [19] confirmed excellent 

cleaning efficacy of D-RaCe files for  

endodontic retreatment, which was in line 

with the present findings, and can be  

attributed to the intermittent cutting edges 

of these files and their smooth surface  

created by electrochemical coating,  

resulting in their excellent sharpness and 

optimal cleaning of the canal. Özlek and 

Gündüz [8] compared ProTaper Universal 

Retreatment, EdgeFile XR, ProTaper NEXT, 

and EdgeFile® X3 NiTi rotary systems for 

elimination of root filling materials using 

micro-CT and showed their optimal efficacy 

and safe application, although none of them 

could completely remove the root filling  

materials from the root canal system.  

Alberto Rubino et al. [5] evaluated the  

removal of root filling materials from  

oval-shaped canals by ProTaper Universal 

and Mani NRT-GPR systems by using  

micro-CT. They concluded that ProTaper 

Universal was more effective than Mani 

NRT-GPR in removal of filling materials 

from the root canals. Silva et al. [15]  

evaluated the retreatment cleaning  

efficiency of XP-Endo Shaper and XP-Endo 

Shaper R using micro-CT, and found a  

significant difference between the two  

systems, which was in accord with the  

present findings. However, Martins et al. 

[13] compared ProTaper Next and Reciproc 

with micro-CT and detected no significant 

difference between them regarding the 

mean volume of residual filling materials. 

Their results were in contrast to the present 

results. Application of different instruments, 

methodologies, tooth types, and canal  
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curvatures can explain the variations in the 

reported literature.  

In the current study, the cleaning  

efficiency of the files was significantly  

different in different parts of the root canals, 

such that the cleaning efficiency in the  

coronal third was lower than that in the 

middle and apical thirds, while the cleaning 

efficiency was the same in the middle and 

apical thirds. Faus-Matoses et al. [7]  

reported that the residual amount of  

gutta-percha in the middle and coronal 

thirds was significantly higher than that in 

the apical third which was not in  

accordance with the present findings  

regarding the middle third. In their study, 

the root canals were primarily shaped with 

PTG F2 (#25/0.08), and #40/0.06 file was 

used in the process of retreatment.  

However, in the present study, primary  

instrumentation of the canals was  

conducted by Denco-D-Super files. It has 

been recommended that in the process of 

retreatment, the root canals must be  

reshaped with a larger apical size file than 

the file used for primary shaping [20]. 

Therefore, taper size of the files used in  

retreatment in the current study probably 

resulted in lower cleaning efficiency in the 

coronal third. 

In the present study, the highest cleaning 

efficiency belonged to SP1 file in the middle 

third of the canal with only 8.5% of  

gutta-percha remaining in the canal. The 

lowest efficiency belonged to R-Endo in the 

coronal third, with 63% residual  

gutta-percha. Extrusion of root filling  

materials from the apical third and  

anatomical complexity of the mesial root 

canals of mandibular molars [21]  

particularly in the apical third further  

complicate the process of retreatment, and 

result in higher volume of residual root  

filling material [22].  

Rödig et al. [23] showed 14.2% to 19.3% 

residual gutta-percha in use of ProTaper for 

retreatment, which was lower than the  

values in the present study. Another study 

reported 3.7% to 11.3% residual  

gutta-percha in retreatment of curved  

canals with Hedstrom, Reciproc, ProTaper, 

and D-RaCe files [24] which was also in  

contrast to the present results. Different 

amounts of residual gutta-percha can also 

be due to the obturation technique, such 

that warm vertical condensation techniques 

often result in increased density of  

gutta-percha and fewer voids, compared 

with lateral compaction technique, and  

decrease the efficacy of the files.  

This study had some limitations. Root 

canals with 25 to 30-degree curvature were 

evaluated in this study. Thus, the results 

cannot be generalized to straight canals or 

those with a curvature higher or lower than 

this range [25,26]. Moreover, the present 

study was conducted in vitro on mandibular 

molars. Thus, the results cannot be directly 

generalized to the clinical setting and other 

teeth. The effect of experience and expertise 

of the operator on the results cannot be  

ignored either.  

Similar studies are required on other 

teeth with different levels of anatomical 

complexity and also in the clinical setting to 

obtain more reliable results. 

 

Conclusion 

Although none of the systems had 100% 

cleaning efficiency, the cleaning efficiency of  

D-RaCe and SP1 was superior to that of R-Endo 

for retreatment of mesiobuccal canal of  

mandibular molars. 
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