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Introduction
Nonsurgical root canal retreatment is a primary option 
when the initial root canal treatment fails. The complete 
removal of existing root canal filling materials is an impor-
tant step of retreatment procedure to provide an effective 
recleaning, disinfection, and subsequent refilling of the 
root canal system. Hand files, nickel titanium rotary, or 
reciprocating instruments with different designs and alloys 
have been used for removing the existing filling materials 

(1,2). Nevertheless, none of the different techniques and 
file systems can provide complete removal of the filling 
materials from the root canals. For this reason, supple-
mentary approaches have been proposed to increase the 
removal of residual filling material and cleaning of root 
canals (3–5).

XP-Endo Finisher (XPF; FKG Dentaire, La Chaux-de-
Fonds, Switzerland) has been introduced with the purpose 
of improving root canal cleaning for use as a supplemen-

Purpose: The enhanced filling material removal efficiency of XP-Endo Finisher (XPF) and XP-Endo Fin-
isher R (XPFR) files was reported in several studies. However, the impact of this efficiency on the debris 
extrusion is unknown. Therefore, this study was planned to evaluate the amount of apically extruded 
debris using these instruments during retreatment.

Methods: Forty-five mandibular premolar teeth were instrumented with ProTaper Next system and filled 
with gutta-percha and an epoxy resin-based sealer using single cone technique. Teeth were randomly 
divided into three groups according to the file used for root filling material removal (n = 15): Reciproc, Re-
ciproc + XPF, Reciproc + XPFR. Apically extruded debris was collected in pre-weighed Eppendorf tubes. 
The dry weight of the extruded debris was calculated by subtracting the weight of the empty tube from 
that of the tube containing debris. Distribution of data was determined by Shapiro–Wilk test. Groups 
were compared with one-way analysis of variance. The significance level was set at p = .05.

Results: All file systems were associated with apical debris extrusion. No statistically significant differ-
ence was found among groups (p> .05).

Conclusion: XPF and XPFR files when used as a supplementary file for improving retreatment have no 
significant effect on the amount of apically extruded debris.
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tary final step following root canal preparation with any 
file system of diameter #25 or larger. XPF is moved up 
and down for 7–8 mm inside the canal, thereby causing 
turbulence of the irrigation solution. Recently, XP-Endo 
Finisher R (XPFR; FKG Dentaire, La Chaux-de- Fonds, 
Switzerland) file has been suggested to use as an addi-
tional approach in retreatment procedures to maximize 
root canal filling removal, especially in the curvature or 
oval areas. It can be applied as a supplementary final step 
following removing filling material with any file system of 
diameter #30 or larger (5).

Retreatment techniques cause various amounts of apically 
extruded debris (6,7). It includes pulp remnants, micro-
organism, root canal filling materials, or irrigation solu-
tions (7) and can lead to periapical inflammation, flare-
ups, post-operative pain, delay of periapical healing, and 
long-term failure (8). To date, to the best of the authors’ 
knowledge, no study has evaluated the extent of apical ex-
trusion of debris by the XPF and XPFR supplementary 
files when used in filling removal. Therefore, the aim of 
this study was to compare the amount of apically extruded 
debris after the use of XPF and XPFR files in retreatment 
procedure. The null hypotheses were that there would be 
no significant effect of these files on the amount of apically 
extruded debris; and there would be no significant differ-
ence in the amounts of apically extruded debris between 
the XPF and XPFR files.

Materials and Methods
The study protocol was approved by the university of non-
interventional clinical research ethics board (protocol no: 
2020/13–6). Forty-five extracted straight single-rooted 
mandibular premolars without previous endodontic treat-
ment, immature apices, caries, cracks, resorption, or calci-
fication were selected. Teeth were decoronated to provide 
a 16 mm root length. Only teeth with an initial apical size 
equivalent to a size 10 K-file were selected. A size 10 K-
file was placed into the canal until its tip was visible at the 
apical foramen. The working length was determined 0.5 
mm short of this length. Root canals were prepared with 
the ProTaper Next system (Dentsply Maillefer, Ballaigues, 
Switzerland) up to an X3 file at WL according to the man-
ufacturer’s instructions at 300 rpm and 2 Nm torque with 
an endodontic motor (X-Smart Plus, Dentsply, Maillefer, 
Ballaigues, Switzerland). The canals were irrigated with 5 
ml 2.5% NaOCl during root canal preparation. After prep-
aration, for final irrigation, 5 ml 17% EDTA and 10 mL 
distilled water were used and the root canals were dried 
using paper points. The root canals were filled with X3 
gutta-percha cones (Dentsply, Maillefer, Ballaigues, Swit-
zerland) and an epoxy resin-based sealer (Dia-Proseal, Dia-

dent, Cheongju, Korea) with the single cone technique. 
The excess gutta-percha was cut off with a hot instrument, 
and the top of the root filling was condensed vertically with 
a plugger. Digital radiographs were taken to confirm the 
extend of root filling. The filled roots were stored at 37°C 
in 100% humidity for 1 week to allow the sealer to set.

The experimental model used to evaluate apical debris ex-
trusion was as described on previous works (9,10) (Fig-
ure 1). Caps were separated from the Eppendorf tubes. An 
analytical balance (Radwag, Radom, Poland) with an ac-
curacy of 10–4 g was used to measure the initial weight of 
the tubes. Three consecutive measurements were taken for 
each tube, and the average of the measurements was calcu-
lated. A round hole was created on each cap. Each tooth 
was inserted into the cap and fixed with cyanoacrylate to 
prevent the unintentional leakage of the irrigation solu-
tion. A 27-gauge needle (Ultradent, South Jordan, UT, 
USA) was placed alongside the cap to help to balance the 
air pressure inside and outside the tubes. Then, caps with 
the teeth and the needles were attached to its Eppendorf 
tubes, and the tubes were fitted into vials. A rubber dam 
sheet was used to shield the root apex from operator dur-
ing the instrumentation procedure. The specimens were 
randomly divided into three groups using a web program 
(www.randomizer.org).

Retreatment Protocols

The root fillings were removed using Reciproc file (25.08 
taper) powered with an endodontic motor (X-Smart Plus, 
Dentsply Sirona Endodontics) until the WL was reached. 

Fig. 1. Representative image of apparatus for collection debris.
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After reaching the WL with R25 file, the R40 file (40.06 
taper) was used in further apical enlargement. Files were 
used in reciprocal motion using in-and-out pecking mo-
tions of 3 mm in amplitude. After three pecking motions, 
the instrument was removed and cleaned. Reciproc + XPF: 
Reciproc files (R25 and R40) were used initially to remove 
the filling materials as described in Reciproc group. Later, 
XPF file was used according to the manufacturer’s instruc-
tions. Instruments were operated with X-Smart Plus at 
1000 rpm and 1 Ncm for 1 min. Instruments were used in 
slow and gentle 7–8 mm lengthwise movements up to the 
WL. During instrume ntation, distilled water (preheated to 
37°C) was used as an irrigation solution. Reciproc + XPFR: 
The initial retreatment protocol was performed with Re-
ciproc files as described previously. Later, XPFR files were 
used in a similar way to that of XPF files.

Each instrument was used in two canals and was then dis-
carded. Retreatment procedures were completed when ca-
nal walls were smooth and free of visible debris and no 
obvious filling material was seen on the files. Eppendorf 
tubes were removed from the vials. To collect adhered de-
bris at the root surface, the apical part of each tooth was 
washed with 1 ml distilled water. During the retreatment 
procedure, a total of 10 mL of distilled water were used for 
each root canal and solvent was not used. Specimens were 
stored in an incubator at 70°C for 5 days to evaporate the 
distilled water. The value in grams of the extruded debris 
was determined by subtracting the initial mean value from 
the final mean value of each Eppendorf tube.

Statistical Analysis
Statistical analysis was performed with SPSS 15.0 software 
(SPSS Inc., Chicago, IL, USA). Distribution of data was 
determined by the Shapiro–Wilk test. Variables were ex-
pressed as mean ± standard deviation (SD). Apically ex-
truded debris among groups was compared with the one-
way analysis of variance. P< .05 was considered statistically 
significant..

Results
Table 1 shows mean and SD values of groups. Both in-
struments were associated with apical debris extrusion. No 
significant difference was found among groups (p> .05). 

The mean ± SD values of debris extrusion for XPF and 
XPFR supplementary files were found as 63 x 10-5 g ± 24 
x 10-5 and 78 x 10-5 ± 38 x 10-5, respectively.

Discussion
XPF and its variation XPFR files have been recently in-
troduced as supplementary files. To date, several studies 
have evaluated the performance of the XPF instruments 
in removal of calcium hydroxide paste (11), bacteria (12), 
and hard-tissue debris (13). In addition, several studies 
reported that XPF files significantly enhanced removal of 
filling material from root canals (3,5,14,15). Alves et al. 
(3) reported that the finishing instrument XPF significant-
ly improved filling material removal after the use of both 
Reciproc and Mtwo files. Silva et al. (5) evaluated the XPF 
and XPFR supplementary files and concluded that both 
files were effective in removing filling materials without 
any significant difference. The XPFR has been developed 
for retreatment cases and has similar features to the XPF 
with the main differences being a larger tip (size 30 for 
XPFR and size 25 for XPF) and the semi-active tip which 
makes it stiffer and therefore more aggressive than XPF 
file (14). According to the manufacturer, when these files 
are placed inside the canal in rotation mode, the A-phase 
shape allows the file to access and clean areas that other 
instruments might not be able to reach, without damaging 
dentine or altering the original canal shape. To the best of 
the authors’ knowledge, there are no available data about 
apically extruded debris of these files during retreatment in 
the literature. Due to the favorable ability of these XP-En-
do instruments to remove the filling material from the root 
canal space, this study was planned to evaluate the amount 
of apically extruded debris while using these instruments 
during retreatment after the use of Reciproc. Single-rooted 
mandibular premolar teeth were used and special care was 
taken to attain groups that were as similar as possible in 
terms of anatomical features. Only teeth with compatible 
foramen to size 10 K-files were selected. The manufacturer 
of the XPF and XPFR files indicates that these instruments 
may be used as a universal complementary stage after canal 
preparation with any rotary or reciprocating file system, 
provided that the size of the final file is #25 or larger for 
XPF and #30 or lager for XPFR. Therefore, root canals 
were enlarged up to Reciproc R40 file before using XP-

Table 1. Mean weights and standard deviations (SD) of apically extruded debris in groups (g)

Groups N Mean±SD Minimum Maximum   

Reciproca 15 0.00053±0.00026 0.000267 0.000967
Reciproc + XP-Endo Finishera 15 0.00063±0.00024 0.000267 0.001133
Reciproc + XP-Endo Finisher Ra 15 0.00078±0.00038 0.000100 0.001400

*Groups with same superscript letter was not significantly different (p=0.05).
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Endo files. The findings of the present study revealed that 
using XPF and XPFR files for improving retreatment have 
no significant effect on the amount of apically extruded de-
bris. Moreover, there was no significant difference between 
the XPF and XPFR files. Therefore, the null hypotheses 
were accepted. Manufacturer claims that these files have 
the shape memory principles of the alloy MaxWire and 
have unique cross-section design (triangular shaped with 
off-centered design) that removes debris with preservation 
of dentine. These properties of XPF instruments might 
explain the insignificant effect on the amount of debris 
extrusion during the retreatment procedure. No previous 
studies have evaluated apically extruded debris during re-
treatment procedure using XP-Endo files. Therefore, the 
findings of our study cannot be directly compared with 
the findings of a study in the literature. However, there 
is only one study that evaluated the debris extrusion of 
XPF file when used after ProTaper Next system in end-
odontic treatment (16). In that study, XPF was compared 
with SAF system and results demonstrated that final prepa-
ration with XPF file contributed to additional amount of 
debris. The different results can be attributed to the differ-
ent study designs. In their study, XPF was not used for re-
treatment procedure. In addition, ProGlider and ProTaper 
Next system were used before the use of XPF. However, in 
our study, XPF was used after the use of Reciproc files in 
retreatment procedure.

The main limitation of this study design is that vital peri-
apical tissues cannot be mimicked. Apical extrusion was 
not limited, because of the absence of a physical backpres-
sure provided by periapical tissues in vivo (17). Therefore, 
certain degree of caution should be taken when transfer-
ring the present results to the clinical situation.

Conclusion
Under the conditions and limitations of this study, the re-
sults show that using XPF and XPFR as supplementary 
files for improving retreatment have no significant effect 
on the amount of apically extruded debris. Both instru-
ments produced similar amount of debris extrusion.

Authorship Contributions: Concept: S.A.T.; Design: S.A.T.; 
Supervision: S.A.T.; Materials: S.K.; Data: S.K.; Analysis: 
S.A.T.; Literature search: S.K.; Writing: S.A.T., S.K.; Criti-
cal revision: S.A.T.

Source of Funding: None declared.

Conflict of Interest: None declared.

Ethical Approval: The study protocol was approved by the 
Zonguldak Bülent Ecevit University of Non-Interventional 
Clinical Research Ethics Board (protocol no: 2020/13–6).

Informed consent: Written informed consent was obtained 
from patients who participated in this study.

References
1. Imura N, Kato AS, Hata GI, Uemura M, Toda T, Weine 

F. A comparison of the relative efficacies of four hand and 
rotary instrumentation techniques during endodontic re-
treatment. Int Endod J 2000; 33: 361–6. [CrossRef ]

2. Rödig T, Reicherts P, Konietschke F, Dullin C, Hahn W, 
Hülsmann M. Efficacy of reciprocating and rotary NiTi 
instruments for retreatment of curved root canals assessed 
by micro-CT. Int Endod J 2014; 47: 942–8. [CrossRef ]

3. Alves FR, Marceliano-Alves MF, Sousa JC, Silveira SB, 
Provenzano JC, Siqueira JF Jr. Removal of root canal fill-
ings in curved canals using either reciprocating single- or 
rotary multi-instrument systems and a supplementary 
step with the XP-Endo Finisher. J Endod 2016; 42: 
1114–9. [CrossRef ]

4. Machado AG, Guilherme BPS, Provenzano JC, et al. Ef-
fects of preparation with the Self-Adjusting File, TRUSh-
ape and XP-endo Shaper systems, and a supplementary 
step with XP-endo Finisher R on filling material removal 
during retreatment of mandibular molar canals. Int Endod 
J 2019; 52: 709–15. [CrossRef ]

5. Silva EJNL, Belladonna FG, Zuolo AS, et al. Effectiveness 
of XP-endo Finisher and XP-endo Finisher R in removing 
root filling remnants: a micro-CT study. Int Endod J 2018; 
51: 86–91. [CrossRef ]

6. Topçuoğlu HS, Aktı A, Tuncay Ö, Dinçer AN, Düzgün 
S, Topçuoğlu G. Evaluation of debris extruded apically 
during the removal of root canal filling material using Pro-
Taper, D-RaCe, and R-Endo rotary nickel-titanium re-
treatment instruments and hand files. J Endod 2014; 40: 
2066–9. [CrossRef ]

7. Huang X, Ling J, Wei X, Gu L. Quantitative evaluation of 
debris extruded apically by using ProTaper Universal Tulsa 
rotary system in endodontic retreatment. J Endod 2007; 
33: 1102–5. [CrossRef ]

8. Siqueira JF Jr. Microbial causes of endodontic flare-ups. Int 
Endod J 2003; 36: 453–63. [CrossRef ]

9. Koçak S, Koçak MM, Sağlam BC, Türker SA, Sağsen B, 
Er Ö. Apical extrusion of debris using self-adjusting file, 
reciprocating single-file, and 2 rotary instrumentation sys-
tems. J Endod 2013; 39: 1278–80. [CrossRef ]

10. Myers GL, Montgomery S. A comparison of weights of 
debris extruded apically by conventional filing and Canal 
Master techniques. J Endod 1991; 17: 275–9. [CrossRef ]

11. Keskin C, Sariyilmaz E, Sariyilmaz Ö. Efficacy of XP-endo 
Finisher file in removing calcium hydroxide from simulat-
ed internal resorption cavity. J Endod 2017; 43: 126–30. 

12. Azim AA, Aksel H, Zhuang T, Mashtare T, Babu JP, 
Huang GT. Efficacy of 4 irrigation protocols in killing 
bacteria colonized in dentinal tubules examined by a novel 

https://doi.org/10.1046/j.1365-2591.2000.00320.x
https://doi.org/10.1111/iej.12239
https://doi.org/10.1016/j.joen.2016.04.007
https://doi.org/10.1111/iej.13039
https://doi.org/10.1111/iej.12788
https://doi.org/10.1016/j.joen.2014.09.004
https://doi.org/10.1016/j.joen.2007.05.019
https://doi.org/10.1046/j.1365-2591.2003.00671.x
https://doi.org/10.1016/j.joen.2013.06.013
https://doi.org/10.1016/S0099-2399(06)81866-2
https://doi.org/10.1016/j.joen.2016.09.009


confocal laser scanning microscope analysis. J Endod 2016; 
42: 928–34. [CrossRef ]

13. Elnaghy AM, Mandorah A, Elsaka SE. Effectiveness of XP-
endo Finisher, EndoActivator, and File agitation on debris 
and smear layer removal in curved root canals: a comparative 
study. Odontology 2017; 105: 178–83. [CrossRef ]

14. De-Deus G, Belladonna FG, Zuolo AS, et al. XP-endo 
Finisher R instrument optimizes the removal of root fill-
ing remnants in oval-shaped canals. Int Endod J 2019; 52: 
899–907. [CrossRef ]

15. Campello AF, Almeida BM, Franzoni MA, et al. Influence 

of solvent and a supplementary step with a finishing instru-
ment on filling material removal from canals connected by 
an isthmus. Int Endod J 2019; 52: 716–24. [CrossRef ]

16. Kfir A, Moza-Levi R, Herteanu M, Weissman A, Wigler 
R. Apical extrusion of debris during the preparation of oval 
root canals: a comparative study between a full-sequence 
SAF system and a rotary file system supplemented by XP-
endo finisher file. Clin Oral Investig 2018; 22: 707–13. 

17. Tanalp J, Güngör T. Apical extrusion of debris: a literature 
review of an inherent occurrence during root canal treat-
ment. Int Endod J 2014; 47: 211–21. [CrossRef ]

Turk Endod J18

https://doi.org/10.1016/j.joen.2016.03.009
https://doi.org/10.1007/s10266-016-0251-8
https://doi.org/10.1111/iej.13077
https://doi.org/10.1111/iej.13047
https://doi.org/10.1007/s00784-017-2144-9
https://doi.org/10.1111/iej.12137

