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INTRODUCTION
During nonsurgical retreatment, all existing root canal filling materials should be removed be-
cause they might contain microorganisms that can interfere with the effective distribution of ir-
rigants and prevent adaptation of new root canal filling materials. Nickel-titanium (NiTi) rotary 
instruments have been shown to be more resistant to fracture for the removal of root canal filling 
materials (1, 2) and faster than using hand instruments (3). NiTi rotary instruments also reduce 
operator-related complications (4).

There are several NiTi retreatment rotary systems available in the market. One of these systems is 
the D-RaCe retreatment system (FKG Dentaire, La-Chaux-de Fonds, Switzerland), which consists of 
two NiTi instruments. The DR1 instrument, which has a file size of 30.10 has an active tip to pen-
etrate the gutta-percha mass and is used for removing the gutta-percha from the coronal part of 
the root canal. The DR2 instrument, which is size 25.04, is used for removing the gutta-percha and 
sealer from the middle and apical parts of the root canal (5).

Before the retreatment, the root canal anatomy should be carefully evaluated. Previous studies 
reported that retreatment procedure affected by cross-sectional root canal shape (6, 7). Removal 
of root canal filling materials from a round cross-section canal might be easy using NiTi rotary in-
struments Page: 1 (7), but an oval cross-section canal may require additional removal procedures 
(6, 7). It is well established that the latter could only be cleaned with mechanical instrumentation 
during the retreatment process (8, 9). In such cases, additional enlargement of the apical diameter 
could be done to decrease the amount of residual gutta-percha and sealer, but this might lead to 
perforation or canal transportation (10). Other methods, for example, sonics, ultrasonics and laser 
devices, have been reported to develop the removal of residual root canal filling materials (11, 12).

Recently, a novel NiTi rotary system has been launched called XP-endo Finisher (FKG Dentaire). 
According to the manufacturer, it is made of a proprietary MaxWire alloy, which gives the instru-
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the apical foramen. The working length (WL) was established 
by subtracting 1 mm from this measurement. Subsequently, 
the apical diameters of the canals were prepared with man-
ual files in a way to be #20 for glide path preparation. Samples 
with an apical diameter larger than #20 were not included in 
the study. Root canal preparation was performed at 300 rpm 
and 300 g cm−1 torque, in accordance with the instructions 
of the manufacturer. During canal preparation, X1 (17.04), 
X2 (25.06), X3 (30.07) and X4 (40.06) files were operated us-
ing a torque-controlled endodontic motor (X-Smart; Dentsply 
Maillefer) with a ProTaper Next (Dentsply Maillefer) rotary sys-
tem. The canals were irrigated with 2 ml of 5.25% NaOCl solu-
tion after each file. In the last irrigation process of the canals, 2 
ml of 17% EDTA and 2 ml of 5.25% NaOCl solution were used 
to remove the smear layer.

Root canal obturation
Root canals were dried with paper points and obturated us-
ing the warm vertical compaction technique and the Cala-
mus 3D Obturation System (Dentsply Maillefer). The quality of 
the root canal obturation was confirmed on mesiodistal and 
buccal–lingual radiographs. Samples with inadequate and/
or nonhomogeneous root canal obturation were replaced 
with new ones. The samples were restored with a temporary 
obturation material (Cavit-G; 3M Espe, Seefeld, Germany) and 
kept in a 100% humid environment at 37°C for 14 days for the 
maximum setting of the root canal sealer (AH Plus; De Trey, 
Dentsply, Konstanz, Germany).

Retreatment technique
All samples were embedded separately in a silicone impres-
sion material (Elite HD; Zhermack, Badia Polesine, Italy) for 
retreatment procedures. To imitate the clinical setting, the 
samples were placed in a water bath at 37°C. No chemical 
solvent was utilised during the removal of root canal filling 
material.

In accordance with the instructions of the manufacturer, the 
DR1 (30.10) file, operating at 1000 rpm and 150 g cm−1 torque 
with a torque-controlled endodontic motor (X-Smart), was 
used to remove the obturation materials from the coronal sec-
tion of the canal. The DR2 (25.04) file, operating at 600 rpm 
and 70 g cm−1 torque, was used to remove the obturation ma-
terial from the middle and apical thirds. After each file instru-
mentation, the canals were irrigated with 2 ml of 5.25% NaOCl. 
For the final irrigation, 2 ml of 17% EDTA and 2 ml of 5.25% 
NaOCl, respectively, were used. While each DR1 file was used 
to remove canal filling material from the root canals of three 
samples, the DR2 file was used in one sample. A single oper-
ator performed all the retreatment processes. The roots were 
randomly divided into four groups (25 teeth each) according 
to the additional system used for removal of root canal filling 
material as follows:

Group 1: Conventional needle irrigation (CI)
In this group, an additional irrigation was performed with a sy-
ringe and a 30-G closed-end tip and side-port opening needle 
(Canal Clean, Biodent, South Korea). The irrigation needle was 
placed 1 mm short of the WL, and 5.25 % NaOCl was delivered 
into root canal at a constant flow rate of 6 ml/min.

ment unparalleled flexibility and ability to remove debris from 
the root canal system complexity. The XP-endo Finisher has 
an ISO 25 in diameter and zero taper (25/.00) at 20°C and be-
low (martensitic phase) (13). The manufacturer claims that the 
reach of the instrument could be expanded to 6 mm in diam-
eter or 100-fold of an equivalent sized file at 35°C and above 
(austenitic phase) (13) (Figure 1).

A literature review revealed no previous studies on the use of 
the XP-endo Finisher for residual root canal filling material re-
moval in root canals with an oval cross-section. Therefore, the 
aim of this study was to compare the effectiveness of different 
additional techniques (EndoActivator, IrriSafe and XP-endo 
Finisher) in removing residual root canal filling material. The 
null hypothesis was that there would be no significant differ-
ences between the different additional techniques in remov-
ing residual root canal filling material.

MATERIALS AND METHODS

Selection of the samples
After receiving approval from the local ethics committee (On-
dokuz Mayis University Clinical Research Ethics Committee; no. 
B.30.2.ODM.0.20.08/1561), 100 mandibular canine teeth with 
flat oval canals that were extracted for periodontal reasons 
were selected for this study. Soft- and hard-tissue residues 
around the teeth were removed mechanically. The crowns 
of the teeth, the root length of which were 16 mm, were re-
moved from the cement–enamel junction under water-cool-
ing. Mesiodistal and buccal–lingual radiographs of the teeth 
were taken to determine the diameter of the canals. The teeth 
represented the ratio of the long diameter to the short diam-
eter of the canal: >2 at 5 mm from the root apex and >3 at 8 
mm from the apex were classified as oval (14). Teeth with calci-
fied canals, prior root canal treatment, internal and/or external 
resorption, and crack and/or immature roots were excluded 
from the study. The selected teeth were kept in distilled water 
at 4°C until the experiment stage.

Root canal preparation
A #10 K-file (Dentsply Maillefer) was inserted into the root 
canals and moved until the tip of the file could be seen from 

Figure 1. Expanded shape of XP-endo Finisher (austenitic phase)
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of residual gutta-percha and sealer. All the statistical analysis 
were performed with SPSS 21.0 (IBM Corp., Armonk, NY, USA) 
software.

RESULTS
The results for the mean area of residual gutta-percha and 
sealer are shown in Table 1. There was a significant difference 
regarding the total residual gutta-percha and sealer among 
groups (P<0.001). The mean area of the gutta-percha and 
sealer remnant in the XP group (0.80±0.25) was significantly 
lower than that in the other groups (P<0.001). The mean 
area of gutta-percha and sealer remnant in the CI group 
(1.84±0.50) was significantly greater than that in the other 
groups (P<0.001).

When comparing the root canal regions, the apical third of 
the CI group had significantly more residual gutta-percha and 
sealer when compared to that of the other groups (P<0.001). 

Group 2: XP-endo finisher (XP)
The XP-endo Finisher NiTi file was used to activate the addi-
tional irrigation. Following insertion of 3 ml of 5.25% NaOCl 
solution into the root canal, the XP-endo Finisher was used 
with a torque-controlled endodontic motor at 800 rpm and 10 
g cm−1 according to the manufacturer’s instructions. The XP-
endo Finisher was applied for 30 s, using slow and gentle 7–8 
mm lengthwise movements to contact the full length of the 
canal. The canals were then flushed with 3 ml of 5.25% NaOCl, 
and the XP-endo Finisher was applied again for 30 s, using the 
same method. A total of 6 ml of 5.25% NaOCl was used, and 
the total activation time was 1 min.

Group 3: EndoActivator (EA)
In this group, 3 ml of 5.25% NaOCl was flushed into the canal 
and activated with the red EndoActivator (25.04) tip at 10,000 
cycles/min. The tip was placed inside the canal at 1 mm short 
of the WL and operated using an up-and-down motion for 30 
s. The canals were then flushed with 3 ml of 5.25% NaOCl and 
activated using the same method for 30 s. A total of 6 m of 
5.25% NaOCl was used, and the total activation time was 1 
min.

Group 4: IrriSafe (IS)
The additional irrigation was activated using an ultrasonic tip; 
3 ml of 5.25% NaOCl was flushed into the canal and ultrasoni-
cally agitated with the IrriSafe tip #25/25 which was placed in-
side the canal mm short of the WL and operated using an up-
and-down motion for 30 s. The canals were then flushed with 
3 ml of 5.25% NaOCl and activated using the same method for 
30 s. The ultrasonic tip was placed into the canal 1 mm short 
of the WL, without touching the walls, enabling it to vibrate 
freely. A total of 6 ml of 5.25% NaOCl was used, and the total 
activation time was 1 min.

Evaluation of residual Gutta-percha and sealer
The teeth were grooved buccolingually using a stainless steel 
disc and then split into halves using a chisel and mallet. Digital 
images at 8× magnification were obtained from both halves 
under a stereomicroscope (Olympus BX43, Olympus Co., 
Tokyo, Japan) attached to a digital camera. The photographs 
were analysed using AutoCAD (Autodesk, San Rafael, CA, USA) 
software to measure the areas of residual gutta-percha and 
sealer (Figure 2).

Statistical analysis
According to the Kolmogorov–Smirnov test, the residual 
gutta-percha and sealer data were not normally distributed. 
Therefore, a nonparametric Kruskal–Wallis and post hoc 
Dunn’s tests were used, at P=0.05 to compare the mean area 

TABLE 1. Mean and Standard Deviations of Residual Gutta-percha and Sealer on Canal Walls (mm2)

Group Apical Middle Coronal P value Total

XP-endo Finisher 0.80±0.25x a 0.80±0.32x a 0.79±0.18x a >0.05 0.80±0.25x

EndoActivator 0.93±0.28x a 1.21±0.25yz bc 1.20±0.36y ac <0.05 1.11±0.32y

IrriSafe 0.82±0.33x a 1.07±0.47xz ac 1.25±0.37y bc <0.05 1.05±0.43y

Conventional Irrigation 2.05±0.49y a 1.50±0.40y b 1.97±0.42z a <0.001 1.84±0.50z

P value <0.001 <0.001 <0.001  <0.001

*Different superscript letters indicate a significant difference between groups (abc; for rows and xyz; for columns)

Figure 2. a-d. Measurement of residual gutta-percha and sealer via Au-
toCAD software (a) Conventional Irrigation (b) XP-endo Finisher (c) 
IrriSafe (d) EndoActivator

a

c

b

d
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enlargement of root canals might reduce the amount of 
dentin remaining and reduce the resistance of the root canal, 
leading to the formation of vertical root fracture (25). For this 
reason, the apical diameter of the canals was not enlarged 
in the present study. Solvent was not used with the NiTi ro-
tary instruments in the present study. Along with friction, 
solvent softens gutta-percha and allows the files to easily 
reach the WL. However, as shown in a previous study, gutta-
percha that is softened by solvent can easily reach to canal 
system complexities (26); in this case, cleaning of the canals 
becomes difficult.

The repeated use of NiTi files can cause various problems, 
such as abrasion, distortion and microcracks in the surface 
of the file. As shown in previous studies (27, 28), cutting ac-
tivities are reduced, and the instruments are more vulnera-
ble to breakage. Thus, in the present study, the DR1 file was 
used in three samples and DR2 was used in one sample and 
then discarded, in accordance with the manufacturer’s rec-
ommendations (29).

According to the results of the present study, the amount of 
gutta-percha and sealer residue was lowest in the XP group 
and highest in the CI group (P<0.001). There was no significant 
difference in the amount of gutta-percha and sealer residue in 
the EA and IS groups (P>0.05). Thus, the null hypothesis of our 
study was rejected. We attribute the findings to the different 
efficiencies of the activation processes.

In the current study, none of the methods applied in the 
groups were capable of removing the entire gutta-percha and 
sealer from the root canals. This finding is similar to the results 
of previous studies, which used different systems, instruments 
and/or methodology (30, 31). As noted above, in the present 
study, the amount of gutta-percha and sealer residue in the 
root canal walls was significantly lowest in the XP group. A de-
tailed literature review showed that there were no retreatment 
studies conducted with the XP-endo Finisher NiTi file in oval 
root canals. Thus, it is not possible to compare the findings ob-
tained in the XP group with those reported in earlier studies. In 
a recent study, Alves et al. (32) reported that the usage of XP-
endo Finisher significantly improved filling material removal in 
retreatment process in mandibular molar’s mesial roots. Also, 
a recent study that evaluated the efficacy of four final irriga-
tion protocols on the reduction of hard-tissue debris accumu-
lated within the mesial root canal system of mandibular first 
molars (33). The authors reported that XP-endo Finisher and 
passive ultrasonic irrigation was statistically more effective 
than CI and Self-adjusting File (ReDent-Nova, Ra’anana, Israel). 
The lower amount of gutta-percha and sealer residue in the 
XP group compared to that of the other groups might stem 
from the fact that after the file passes from the martensitic to 
the austenitic phase at temperatures over 35°C, the file can ex-
pand to 100 times of its diameter and contact all of the canal 
wall (13).

A few studies have examined the effect of sonic or ultrasonic 
activation applied after gutta-percha removal on root canal 
wall cleaning (34). In the present study, a greater amount 
of gutta-percha and sealer were removed in the EA and IS 

In the middle third, the amount of residual gutta-percha and 
sealer was lower in the XP and IS groups than in the other 
groups (P>0.05). In the coronal third, the amount of residual 
gutta-percha and sealer in the XP group was significantly 
lower than in the other groups (P<0.001).

None of the DR1 files were fractured. However, two DR2 files 
fractured (1 in the EA group and 1 in the IS group) during 
the gutta-percha removal procedures. These samples were 
changed with new ones.

DISCUSSION
Previous studies have reported that in the oval cross-section 
root canals, residual root canal filling materials remains in the 
buccal and lingual walls of root canals after retreatment with 
NiTi files (15). Therefore, additional activation processes are 
needed when using NiTi files to ensure complete cleaning of 
the root canal. The aim of the present study was to evaluate 
the efficiency of various activation methods applied after re-
moving gutta-percha and sealer in the oval canals.

Various methods, such as micro-tomography (16), longitu-
dinal sectioning (17) and radiological assessment (18), have 
been used to evaluate root canal residual gutta-percha and 
sealer. Micro-tomography could provide 3D information 
and accurate quantification data (volume) of the remaining 
filling materials (19). In the present study, the longitudinal 
sectioning method was preferred because it enables a direct 
examination of the samples. Thus, it is easier to determine 
root canal obturation materials using the sectioning method 
than using radiographic techniques; also, it is less costly (20). 
The radiological method provides 2D images of the 3D struc-
ture; magnification and distortions are likely to occur in the 
image, potentially increasing the possibility of inaccurate re-
sults (21). When using the cross-sectioning method, extreme 
care must be taken to prevent the displacement of remain-
ing gutta-percha from the samples. In the present study, 13 
samples (XP group, n=2; EA group, n=3, IS group, n=3 and CI 
group, n=5) had to be replaced due to damage during the 
cross sectioning.

In the current study, mandibular canine teeth with oval cross-
section canal were selected based on previous studies (22, 23). 
To ensure standardisation of the samples, the crowns of the 
teeth, all of which had a root size of 16 mm, were removed at 
the cemento-enamel junction. Obturation of the root canals 
using the vertical compaction technique was reported to 
provide a more homogeneous canal obturation than the sin-
gle-cone and lateral compaction technique (23). Thus, in the 
present study, the canals were obturated using the vertical 
compaction technique.

The gutta-percha removal processes were performed in a wa-
ter bath at 37°C, with an intention to imitate the normal body 
temperature and allow the XP-endo Finisher to proceed the 
austenitic phase in the presence of heat.

Previous research has shown that using larger files during 
the preparation of the apical diameter of the root canal re-
duces the amount of obturation material remaining after 
the gutta-percha removal process (24). However, excessive 
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groups than in the CI group (P<0.001). A study of the clean-
ing efficiency of the EA versus that of ultrasonic activation 
with an ultrasonic tip and laser after a retreatment process 
reported that the ultrasonic was more efficient (34). In the 
present study, although there was no significant difference 
in the amount of gutta-percha and sealer residue in the IS 
and EA groups (P >0.05), the canals were cleaner in the IS 
group. In accordance with the findings of the present study, 
a previous retreatment study reported that ultrasonic activa-
tion removed significantly more residual gutta-percha than 
conventional syringe irrigation (11). Ultrasonic cleaning of 
root canals containing residual filling materials during the re-
treatment process is based on the transfer of acoustic energy 
to the ultrasonic tip and then to the irrigation solution. In 
contrast, with the Endo-Activator, sonic energy is transferred 
directly to the irrigation solution. As reported earlier, high 
energy greatly increases the fluidity of irrigation solution 
in the canal (35). The aforementioned explains the greater 
amount of gutta-percha and sealer removal in the EA and IS 
groups compared to the CI group. There are some limitations 
to the present study. The results of the present study cannot 
be compared with studies that focus on teeth with curved 
root canals. Root canal curvature might affect the efficacy of 
gutta-percha removal. During longitudinal sectioning, gutta-
percha and sealer remnants could be damaged. Therefore, 
the conclusion of the present study cannot be directly ap-
plied to clinical conditions. Further in vivo studies are needed 
to confirm the results of the present study.

CONCLUSION
Within the limitations of this study, the XP-endo Finisher file 
was the most effective activation method in additional re-
moval of old root canal filling material during retreatment 
procedures.
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