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This study aimed at assessing the performance of Reciproc Blue (RB) and XP Endo Shaper (XPS), used for canal retreatment on
extracted teeth, in terms of debris extrusion and obturating materials removal. Thirty mandibular premolars were prepared to
ProTaper X2 file, obturated using warm vertical compaction, and then incubated for 28 days at 100% humidity at 37°C. Teeth were
randomly assigned into two groups, according to the system used for retreatment (RB and XPS). During retreatment, debris
extruded beyond the apex was collected in preweighed Eppendorf tubes, and the retreatment time was measured. Afterward, the
teeth were longitudinally sectioned to assess the remaining obturating materials. Data were statistically analyzed using the
Mann-Whitney test and chi-square test at a 95% confidence level. All the samples had extruded debris at varying weights ranging
from 0.125 mg to 3.680 mg. XPS extruded less debris than RB, but no difference was detected (Mann-Whitney test; P > 0.05). RB
and XPS required 54.9 +17.9 and 22.3+9.3 seconds to perform retreatment procedures, respectively (Mann-Whitney test;
P <0.05). The sealer was found in all the samples. Compared to the RB group, fewer samples with remaining gutta-percha were
found in the XPS group (Chi-square test; P < 0.05). None of the files fractured during the retreatment procedure. The tested files
appear to extrude debris beyond the apex. Although XPS was able to remove the gutta-percha completely from the majority of the
canals, it was unable to remove the sealer.

1. Introduction

The endodontic procedure aims at decreasing pain, eliminating
disease, and sustaining or establishing healthy periapical tis-
sues. This is achieved by using endodontic nickel-titanium
(NiTj) rotary files to remove necrotic tissue and facilitate ir-
rigation and medicament placement. In the case of failed
treatment, nonsurgical root canal retreatment is required [1].
This procedure is initially performed by removal of the
obturating material to regain access to the apical tissues [2].
However, removing the obturating filling completely is not yet
possible with the available techniques [3-5], and this neces-
sitates the search for improved techniques.

One of the challenges encountered during root canal
procedures is debris extrusion, which is associated with an
increased incidence of postoperative pain [6-8]. Previous
studies have shown that root canal preparation with various
rotary systems causes debris extrusion [9-16].

A single file concept that can be operated with different
motions was introduced in endodontic practice to facilitate
treatment without compromising the outcome [17].
According to a systematic review, file design and motion
kinematics influence the amount of extruded debris more
significantly than the number of files used [18]. This raised
the concern of whether reciprocation can push out more
debris than continuous rotation [19].
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Reciproc Blue (RB; VDW, Munich, Germany) is a single
file system designed to be used with reciprocating motion. It
is manufactured from an M-wire alloy with special heat
treatment. This technology shows increased file flexibility
and improved cyclic fatigue resistance [20]. RB file is
intended for use in initial treatment and retreatment [14, 16].

XP Endo Shaper (XPS; FKG Dentaire SA, La Chaux-de-
Fonds, Switzerland) is a system which is manufactured from
Max Wire. It has a snake-like shaped file to maximize the
efficacy of cleaning the root canal system with the ability to
touch most of the canal’s walls. This system can reportedly be
used in initial treatment and retreatment [12].

Since investigating the debris extrusion beyond the apex
would provide pertinent information on file performance in
a clinic, several studies have analyzed debris extrusion by
several NiTi rotary endodontic files clinically used
[12, 14, 16]. Thus, this in vitro study aimed to assess the
performance of RB and XPS for root canal retreatment on
extracted teeth in terms of debris extrusion and obturating
materials removal.

2. Materials and Methods

2.1. Teeth Selection. This research was approved by the In-
stitutional Research Ethics Committee (Ref. No. IRB/23/
2017).

Single-canalled mandibular premolar teeth that had been
extracted for orthodontic reasons were selected for the study.
Periapical radiographs were taken in the mesiodistal and
buccolingual planes, and the teeth were evaluated in order to
exclude teeth with external defects, canal curvature larger
than 10°, open apices, or other anatomic irregularities. The
superficial tissues on the roots were mechanically removed
using a scaler, and the teeth were stored in a thymol solution.

The sample size was calculated using a two-sample ¢-test
at a power of 80% and 5% significance level to detect a
minimum debris extrusion weight of 0.3 mg between the
experimental groups. The results indicated that each group
should be composed of 15 teeth.

2.2. Sample Preparation. The occlusal reduction was per-
formed to obtain a reproducible reference point and to
ensure the standardization of a 16 mm root length. An access
cavity was performed, and patency was checked with K-type
hand files. Any canal with an initial file size larger than size
25 was excluded.

2.3. Canal Preparation and Obturation. The working length
was determined 1 mm short of the tooth length. The canals
were instrumented with ProTaper Next X1 (17/04) and X2
(25/06) files (Dentsply Sirona, Ballaigues, Switzerland) and
then obturated with gutta-percha cones and AH Plus sealer
(Dentsply De Trey, Konstanz, Germany) using warm vertical
compaction. The quality of the root canal obturation was
confirmed radiographically, and any obturation deemed
substandard was replaced with another sample. The access
cavity was filled with Cavit™ (3M ESPE, St Paul, MN, USA),

International Journal of Dentistry

and all samples were kept in phosphate-buffered saline with
100% humidity for 28 days at 37°C.

2.4. Retreatment Procedure. The temporary filling was re-
moved, and the coronal third of the obturating material was
removed with Gates-Glidden drills of sizes 3 and 4. Sub-
sequently, the retreatment procedure was carried out with
the experimental files that were operated as follows:

(1) The RB group: R25 file (25/08) was operated in the
“Reciproc All” mode using the VDW Silver Reciproc
electric motor (VDW, Munich, Germany)

(2) The XPS group: XPS file (27/01) was operated at a
speed of 3000 rpm and 1 N-cm torque [12] using the
Elements motor (SybronEndo, Glendora, CA)

The file was used with a slow pecking motion to remove
the obturating materials. Once the working length was
attained, the file was used for twenty brushing strokes along
the whole canal length. Then, the canal was dried by canal
aspiration and clinically explored through the access
opening for any obturating material that might have
remained on the wall. If any obturation material was left,
another twenty brushing strokes were applied.

A single endodontist conducted all of the retreatment
procedures using 4X magnifying loupes. Throughout the
retreatment procedure, the canal was kept wet with tridis-
tilled water.

2.5. Evaluation of Debris Extrusion. The setting of debris
collection was adopted from a previous study [12]. To give a
summary, Eppendorf tubes were used to collect debris ex-
truded during the retreatment procedure. The tubes were
individually weighed five times with a microbalance with
four decimals in grams (Citizen CX 220 Analytical Lab
Balance, Internal Cal. Weighing Hook, USA), and their
mean was calculated. Each tooth was placed inside a pre-
weighed Eppendorf tube at the level of the cementoenamel
junction and fixed by using a rubber stopper made of silicone
impression material. This assembly was inserted into a glass
ampoule to avoid any possible contamination of the
Eppendorf tube during the retreatment procedure.

Before initiating the retreatment procedure, a 27G ir-
rigating needle was placed into the rubber stopper to
equalize the inner and outer air pressure. The glass ampoule
was firmly attached to the base of a larger outer glass
container, which was submerged in a waterbath at a con-
trolled temperature of 37°C, as confirmed with an electrode
thermometer (MN35, Digital Mini MultiMeter, Boston,
Massachusetts, USA).

During the retreatment, each tooth received a total of 3 ml
of tridistilled water under close high vacuum suction. Finally,
the canal was checked for patency with K-file size 15 and ir-
rigated with another 2ml of tridistilled water. The external
surface of the apical third was also rinsed with 1ml of tri-
distilled water to flush the apical surface and ensure the col-
lection of any attached apical debris into the tube. The tooth
was taken out, and the Eppendorf tube was moved to an
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TaBLE 1: Removal of obturating materials and mean (SD) and median (25th-75th percentile) of the weight of apically extruded debris and

preparation time in the tested groups.

Weight (in mg)

Preparation time (in seconds)

Removal of gutta- Removal of
System v h g Y Median (25th-75th Mean Median (25th-75th
percha sealer Mean (SD) - -
percentile) (SD) percentile)
Reciproc 1.1079 54.9
Blue 2/15 0/15 (0.3758) 1.235 (0.8923-1.8357) (17.9) 56 (39.9-80.7)
1.0732
XP Shaper 8/15 0/15 (0.3420) 1.145 (0.8471-1.8122)  22.3 (9.3) 18 (15.6-26.7)
f;;tlsncal Chi-square Mann-Whitney test
P value 0.020 1 0.95 <0.001

incubator and kept for 2 weeks at 37°C to dry out the irrigating
solution. Afterward, five weight measurements were obtained,
and the mean value was calculated. The weight of extruded
debris was calculated by measuring the difference between pre
and postweights in mg. The total time needed for the prepa-
ration was recorded in seconds by a digital watch.

2.6. Evaluation of Gutta-Percha Removal. Each tooth was
sectioned longitudinally and then split into two halves in the
buccolingual aspect. The canals were evaluated under a
dental operating microscope at 10X magnification (Zeiss
OPMI Pico, Carl Zeiss Meditec AG, Germany) to assess the
removal of sealer and gutta-percha.

2.7. Statistical Analysis. The Mann-Whitney test was per-
formed to compare between the two groups since data of
both weights of extruded debris and preparation time were
not normally distributed (Shapiro-Wilk test; P <0.05). The
presence/absence of remaining gutta-percha in both groups
was compared using the chi-square test. IBM SPSS 21 (SPSS
Inc, Chicago, IL, USA) was used to perform statistical an-
alyses with a 95% confidence level.

3. Results

The results of the apical extrusion of debris and removal of
sealer and gutta-percha are given in Table 1. All the samples
extruded debris at varying weights ranging from 0.125 mg to
3.680 mg. XPS extruded less debris than RB with a median of
1.145mg (CI: 0.8471-1.8122) versus 1.235mg (CL:
0.8923-1.8357), but no difference was detected (P > 0.05).
RB and XPS required 54.9 +17.9 and 22.3 £ 9.3 seconds to
perform retreatment procedures, respectively (P < 0.05).

The endodontic sealer was evident in all the samples. A
larger number of gutta-percha-free samples were found in
the XPS group than in the RB group (8 versus 2) (P = 0.02).
In this study, none of the files fractured during the
retreatment procedure.

4, Discussion

The current in vitro study investigated the debris extrusion
for both RB and XPS systems in retreatment cases. Several
studies showed improved performance of RB and XPS,

compared to other NiTi systems, in many aspects, such as
debris extrusion [12, 14, 21], shaping ability [22, 23], removal
of obturating material [3, 4, 12, 14], and cyclic fatigue re-
sistance [20, 24]. In our study, compared to RB, XPS dis-
played a trend of less debris extrusion. The XPS group
extruded less debris; however, it was not significant. Alves
et al. [9] studied the volume of debris extrusion in initial
treatment cases by using microcomputed tomography and
found that both systems introduced a similar volume of
debris beyond the apex. Another study on initial treatment
cases reported that XPS had significantly less debris ex-
trusion, compared to RB, WaveOne Gold, and HyFlex EDM
[16]. Furthermore, Azim et al. [12] reported that XPS ex-
truded the least amount of debris in retreatment cases,
compared to WaveOne Gold and HyFlex EDM.

An assessment of the preparation time in this study
showed that XPS could perform the retreatment in 60% less
time than RB. This is consistent with a previous study that
found XPS required shorter retreatment time than the other
tested systems [12]. Furthermore, XPS was more efficient in
gutta-percha removal, and the difference was statistically
significant between the groups. This coincides with other
studies [4, 12].

The endodontic sealer was evident in all the samples,
while the gutta-percha was successfully removed in 53% and
13% of the XPS and RB samples, respectively. Previous
studies demonstrated that no instrumentation technique can
render the canal free of obturating materials [5, 25, 26]. This
coincides with a recent study that found XPS superior to RB
and Reciproc [25]. This performance might be explained by
the shape of the XPS file, which allows maximum canal wall
contact, leading to a greater percentage of touched walls
[25]. It is worth mentioning that no solvent or active irri-
gating solutions were used in this study to purely investigate
the effectiveness of rotary systems to remove the obturating
materials [27]. Although a good number of shaping strokes
(20-40 strokes) in the canal were performed against the
walls, the remaining obturating materials were left. De-Deus
et al. [25] showed that XPS, RB, and Reciproc were not able
to remove the obturation material completely. Therefore,
activation of irrigating solutions during the root canal
retreatment has been suggested to enhance the removal of
filling materials in oval canals [28]. The effect of different
irrigation materials and agitation techniques on debris ex-
trusion should be further assessed.



Many attempts have been made to reduce the debris
extrusion in clinical practice. However, the literature shows
that debris extrusion by several NiTi rotary endodontic files
is inevitable [12, 14, 16]. The debris extrusion might contain
debris and microbes which could cause postoperative pain
[6-8]. Alves et al. [9] studied intracanal bacterial reduction
and bacterial extrusion on contaminated canals with the
Enterococcus faecalis species. They reported that although
the extruded bacteria counts were higher with XPS com-
pared to RB, XPS reduced the intracanal bacterial reduction
more significantly. Further studies are needed to substan-
tiate this finding.

Since XPS is manufactured to be used at high temper-
atures, the intracanal temperature was simulated in this
study. However, the absence of the simulated apical pressure
of the periodontal ligament might limit this methodology
[29].

5. Conclusion

Within the limitations of this study, the retreatment pro-
cedure appears to extrude debris beyond the apex, regardless
of the rotary system used. XPS was more efficient in the
removal of gutta-percha and required less preparation time
compared to RB.

Data Availability

The datasets used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] M. Torabinejad, R. Corr, R. Handysides, and S. Shabahang,
“Outcomes of nonsurgical retreatment and endodontic sur-
gery: a systematic review,” Journal of Endodontics, vol. 35,
no. 7, pp. 930-937, 2009.

[2] R. Ahmed and L. Rotstein, “Epidemiologic evaluation of the
outcomes of orthograde endodontic retreatment,” Journal of
Endodontics, vol. 36, no. 5, pp. 790-792, 2010.

[3] B. C. Canakgi, Y. Ustun, O. Er, O. Genc Sen, and O. G. Sen,
“Evaluation of apically extruded debris from curved root canal
filling removal using 5 nickel-titanium systems,” Journal of
Endodontics, vol. 42, no. 7, pp. 1101-1104, 2016.

[4] A. G. Machado, B. P. S. Guilherme, J. C. Provenzano et al.,
“---Effects of preparation with the self-adjusting file, trus hape
and XP-endo shaper systems, and a supplementary step with
XP -endo finisher R on filling material removal during
retreatment of mandibular molar canals,” International
Endodontic Journal, vol. 52, no. 5, pp. 709-715, 2019.

[5] S.Zuolo, D. Arthur, M. Zuolo et al., “Evaluation of the efficacy
of trushape and reciproc file systems in the removal of root
filling material: an ex vivo micro-computed tomographic
study,” Journal of Endodontics, vol. 42, no. 2, pp. 315-19, 2016.

[6] T. AlOmari, G. AlThobiti, S. AlThobaiti et al., “Incidence of
postoperative pain after canal shaping by using reciproc and
twisted file adaptive systems: a prospective, randomized

[7

[8

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

International Journal of Dentistry

clinical trial,” Clinical Oral Investigations, vol. 24, no. 7,
pp. 2445-2450, 2019.

H. Bigakei, I.D. Capar, S. Geng, and A. 1htiyar, “Influence of
rotary instrumentation with continuous irrigation on pain
and neuropeptide release levels: a randomized clinical trial,”
Journal of Endodontics, vol. 42, no. 11, pp. 1613-1619, 2016.
J. Siqueirajr, I. Rocas, A. Favieri et al., “Incidence of post-
operative pain after intracanal procedures based on an an-
timicrobial strategy,” Journal of Endodontics, vol. 28, no. 6,
pp. 457-460, 2002.

F. R. F. Alves, P. L. Paiva, M. F. Marceliano-Alves et al.,
“Bacteria and hard tissue debris extrusion and intracanal
bacterial reduction promoted by XP-endo shaper and reciproc
instruments,” Journal of Endodontics, vol. 44, no. 7,
pp. 1173-1178, 2018.

A. P. Amaral, P. Limongi, P. Limongi et al., “Debris apically
extruded by two reciprocating systems: a comparative
quantitative study,” European Journal of Dentistry, vol. 13,
no. 4, p. 625, 2019.

H. Fontana, E. Doganay, M. Alsancak, I. D. Capar, E. Karatas,
and H. A. Giindiiz, “Comparison of apically extruded debris
after root canal instrumentation using reciprocinstruments
with various kinematics,” International Endodontic Journal,
vol. 49, no. 3, pp. 307-310, 2016.

A. A. Azim, H. H. Wang, M. Tarrosh, K. A. Azim, and
L. Piasecki, “Comparison between single-file rotary systems:
part 1-efficiency, effectiveness, and adverse effects in end-
odontic retreatment,” Journal of Endodontics, vol. 44, no. 11,
pp. 1720-1724, 2018.

D. Ozsu, E. Karatas, H. Arslan, and M. C. Topcu, “Quanti-
tative evaluation of apically extruded debris during root canal
instrumentation with protaper universal, protaper next,
waveone, and self-adjusting file systems,” European Journal of
Dentistry, vol. 08, no. 04, pp. 504-508, 2014.

K. Romeiro, A. de Almeida, M. Cassimiro et al., “Reciproc and
Reciproc Blue in the Removal of Bioceramic and Resin-Based
Sealers in Retreatment Procedures,” Clinical Oral Investiga-
tions, vol. 24, no. 1, pp. 405-416, 2020.

A. Tinaz, T. Alacam, O. Uzun, M. Maden, and G. Kayaoglu,
“The Effect of Disruption of Apical Constriction on Periapical
Extrusion,” Journal of Endodontics, vol. 31, no. 7, pp. 533-5,
2005.

G. Usluy, T. Ozyiirek, K. Yilmaz, M. Giindogar, and G. Plotino,
“Apically extruded debris during root canal instrumentation
with reciproc blue, HyFlex EDM, and XP-Endo shaper nickel-
titanium files,” Journal of Endodontics, vol. 44, no. 5,
pp. 856-859, 2018.

A. Bartols, G. Laux, and W. Walther, “Multiple-file vs. Single-
file endodontics in dental practice: a study in routine care,”
Peer], vol. 4, p. €2765, 2016.

J. Caviedes-Bucheli, F. Castellanos, N. Vasquez, E. Ulate, and
H. R Munoz, “The influence of two reciprocating single-file
and two rotary-file systems on the apical extrusion of debris
and its biological relationship with symptomatic apical
periodontitis. A systematic review and meta-analysis,” In-
ternational Endodontic Journal, vol. 49, no. 3, pp. 255-70,
2016.

S. Siitgi, S. Benten, and E. Schifer, “-Quantitative evaluation
of apically extruded debris with different single-file systems:
reciproc, F360 and oneShape versus Mtwo,” International
Endodontic Journal, vol. 47, no. 5, pp. 405-409, 2014.

U. Inan, C. Keskin, and O. Sivas Yilmaz, “Cyclic fatigue of
reciproc blue and reciproc instruments exposed to intracanal



International Journal of Dentistry

temperature in simulated severe apical curvature,” Clinical
Oral Investigations, vol. 23, no. 5, pp. 2077-2082, 2019.

[21] E Marinho and H Arslan, “The effect of blue thermal treat-
ment on endodontic instruments and apical debris extrusion
during retreatment procedures,” International Endodontic
Journal, vol. 52, no. 11, pp. 1629-34, 2019.

[22] A. Alfadley, A. Alrajhi, H. Alissa et al., “Shaping ability of XP
endo shaper file in curved root canal models,” International
Journal of Dentistry, vol. 2020, Article ID 4687045, 6 pages,
2020.

[23] M. A. Versiani, K. K. T. Carvalho, J. F. Mazzi-Chaves, and
M. D. Sousa-Neto, “Micro-computed tomographic evaluation
of the shaping ability of XP-endo shaper, iRaCe, and Edgefile
systems in long oval-shaped canals,” Journal of Endodontics,
vol. 44, no. 3, pp. 489-495, 2018.

[24] C. Bag, U. Inan, D. H. Guler, and E. Kalyoncuoglu, “Cyclic
fatigue resistance of XP-endo shaper, K3XF, and ProTaper
gold Nickel-Titanium instruments,” Journal of Endodontics,
vol. 44, no. 7, pp. 1164-1167, 2018.

[25] G. De-Deus, F. G. Belladonna, A. d. S. Zuolo et al.,, “3-di-
mensional ability assessment in removing root filling material
from pair-matched oval-shaped canals using thermal-treated
instruments,” Journal of Endodontics, vol. 45, mno. 9,
pp. 1135-1141, 2019.

[26] E.J. N. L. Silva, F. G. Belladonna, A. S. Zuolo et al., “---Ef-
fectiveness of XP-endo finisher and XP-endo finisher R in
removing root filling remnants: a micro-CT study,” Inter-
national Endodontic Journal, vol. 51, no. 1, pp. 86-91, 2018.

[27] G. Rossi-Fedele and H. M. Ahmed, “Assessment of root canal
filling removal effectiveness using micro-computed tomog-
raphy: a systematic review,” Journal of Endodontics, vol. 43,
no. 4, pp. 520-526, 2017.

[28] B. C. Cavenago, R. Ordinola-Zapata, M. Duarte et al., “Effi-
cacy of xylene and passive ultrasonic irrigation on remaining
root filling material during retreatment of anatomically
complex teeth,” International Endodontic Journal, vol. 47,
no. 11, pp. 1078-1083, 2014.

[29] X.Huang, J. Ling, X. Wei, and L. Gu, “Quantitative evaluation
of debris extruded apically by using protaper universal tulsa
rotary system in endodontic retreatment,” Journal of End-
odontics, vol. 33, no. 9, pp. 1102-1105, 2007.



