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Featured Application: Root canal treatment in canals with oval cross section.
Abstract: Apical extrusion of debris (AED) by the full sequence of the self-adjusting file (SAF) system
was compared with that of the XP-endo shaper plus sequence. Sixty permanent mandibular incisors
were randomly assigned to two groups (n = 30) for root canal instrumentation: Group A: Stage
1—pre-SAF OS, pre-SAF 1 and pre-SAF 2 files, followed by Stage 2—1.5 mm SAF; and Group B:
Stage 1— hand K-file 15/0.02, followed by Stage 2—XP-endo shaper and Stage 3—XP-endo finisher.
The AED produced during instrumentation at each stage was collected in pre-weighed Eppendorf
tubes. The weights of AED by the two methods were compared using t tests with significance
level set at 5%. Group A produced significantly less total AED than Group B (p < 0.001), with no
significant difference in debris extrusion between the two stages (p = 0.3014). Conversely, in Group B,
a significant difference was noted between Stage 1 and Stages 2 and 3 (p < 0.01), with no significant
difference between Stages 2 and 3 (p = 0.488). Both sequences resulted in measurable amounts of
AED. Each phase, in either procedure, made its own contribution to the extrusion of debris.
Keywords: debris extrusion; full-sequence SAF; oval canals; SAF; XP-endo finisher; XP-endo shaper;
XP-endo shaper plus sequence

1. Introduction
Prevention of the apical extrusion of intracanal bacteria and debris during root canal
instrumentation is among the most important objectives of the endodontic treatment of teeth with apical
periodontitis [1]. Cases with apical debris extrusion are often clinically associated with pain or swelling
post-endodontic instrumentation [2]. Such extrusion during root canal instrumentation (Figure 1) may
also have a detrimental effect on healing after endodontic treatment [3–5]. The extrusion of debris is
an involuntary result of root canal instrumentation, regardless of the types of instruments used [6].
The amount of debris extrusion may vary on the basis of kinematics, number of files used, taper,
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cross-section, and cutting efficacy [3,7]. A common notion is that techniques involving a push–pull
motion create a greater mass of extruded debris than do those involving a rotational action [4]. Thus,
endodontic files systems that may minimize debris extrusion should be investigated.

Figure 1. Apical extrusion of debris. During root canal treatment, debris consisting of necrotic tissue,
bacteria and dentin particles is often extruded through the apical foramen and into the periapical
tissues. Such debris may cause severe response (“flare up”) and may jeopardize the long-term success
of the root canal treatment. (a) Tip of the root with an apical foramen. (b) Debris extruded through the
apical foramen during instrumentation of the root canal.

The aims of root canal instrumentation in infected oval root canals are hard to achieve, as common
rotary and reciprocating files (Figure 2a) have a tendency to leave un-instrumented recesses, thus,
leaving debris and unprepared root canal surfaces behind [8,9]. This limitation led to the development of
two file systems that claim to be adaptive instrumentation methods: the SAF system and, more recently,
the XP-endo system (Figure 2b,c).

Figure 2. Adaptive nickel-titanium mechanized instruments. (a) Traditional rotary file, which cannot
adapt itself to an oval root canal. (b) XP-endo shaper with a snake like shape and motion.
(c) Self-adjusting file (SAF) which can adapt its shape to an oval root canal.

The self-adjusting file (SAF) system (ReDent Nova, Ra’anana, Israel) was specifically designed
to address the challenge of oval-shaped root canals. The SAF is a hollow, compressible file made of
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nickel-titanium (NiTi) lattice that is designed specifically to be compressed and adapt itself to the
walls of root canals with any cross-section, including oval canals (Figure 3). It claims to overcome
most of the constraints of motorized rotary and reciprocating nickel titanium (NiTi) files when used
in oval canals [5,10,11]. The SAF is used with a pecking motion all the way to the working length,
while continuous irrigation is delivered through the hollow file. Previously, the SAF was used after
establishing a minimal glide path using a #20 K-file. Recently, the manufacturers have changed the
guidelines for the use of the SAF system. The updated SAF sequence switched to a motorized glide
path preparation, which includes the pre-SAF OS orifice shaper, (sized #40/0.10), the pre-SAF 1 for
narrow canals, (sized #15/0.02), and the pre-SAF 2 (sized #20/0.04), thus, creating a glide path. Since the
SAF is not a penetrating tool, the glide path should allow passive manual insertion of the 1.5-mm SAF
to the working length, prior to cleaning and shaping the root canal with this instrument [3].

Figure 3. Adaptation of the self-adjusting file (SAF) to an oval canal. Radiographs of a mandibular
premolar with an oval canal, with the SAF adapted to an oval canal. (a) Bucco-lingual projection.
(b) Mesio-distal projection.

The XP-endo system (FKG Dentaire, La Chaux-de-Fonds, Switzerland) consists of the XP-endo
shaper (#30/0.01) and the XP-endo finisher (#25/0.00). The XP-endo shaper has a snake-like shape and
is made of a MaxWire nickel-titanium alloy with a specific tip design (Figure 2b). The tip has a round
non-active part, followed by six cutting edges that transit smoothly into the helical shaft. The file is
affected by body temperature, which changes it into an austenitic phase to assume its functional shape.
It is used in the root canal first as a penetrating instrument, and once reaching the working length (WL),
it is used with an additional 15 pecking motion strokes to the working length [12]. The resultant final
root canal size after XP-endo shaper instrumentation corresponds to #30/0.04. The XP-endo finisher
file has a circular whip-shape and was initially introduced as a complementary universal instrument
that can be used after root canal preparation with any file system and is aimed for cleaning complex
morphologies and difficult-to-reach areas within the root canal system [1,3,13].
Recently, the manufacturers have introduced the XP-endo shaper plus sequence, which includes
three stages: first, hand K-files (#10 and #15) are used to create a glide path, and then the XP-endo
shaper is used, to be followed by the XP-endo finisher.
Several studies have addressed the issue of apical extrusion of debris by the SAF system [3,5,14].
It has been established that the SAF extruded less debris than rotary and reciprocating NiTi files [3,5,14].
However, it was recently suggested that the issue of apical extrusion of debris should evaluated
for the full sequence of instruments of a given file system, as the initial stages of glide path
preparation may contribute to the total amount of extruded debris and should not be omitted
from such measurements [3,5,14].
The individual elements of the XP-endo system (XP-endo shaper, XP-endo finisher) have also
been studied for their potential to extrude debris [1,3,15,16]. The XP-endo finisher, which preceded the
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XP-endo shaper, was also found to extrude debris when used after ProTaper Next files [3]. The more
recently introduced XP-endo shaper was found in some studies to extrude less debris than Reciproc [16]
or One-Shape files [15], while others have found that it extruded similar amounts of debris as Reciproc
or HyFlex EDM files [1,16]. Only recently were these two instruments introduced as elements of the
XP-endo shaper plus system.
A literature search revealed no studies investigating the amount of debris that may be apically
extruded by the full XP-endo shaper plus sequence. Thus, the present study aimed to assess the
amount of apical extrusion of debris when preparing oval root canals with either the full-sequence
SAF system or the XP-endo shaper plus sequence. The null hypothesis was that the two file systems
will not differ in terms of apical extrusion of debris when used in oval canals.
2. Materials and Methods
The current study was designed to quantify and compare the amount of debris extruded apically
during instrumentation of oval canals in mandibular incisors using either the full-sequence SAF system
(Group A: pre-SAF OS, pre-SAF 1 and pre-SAF 2 files, followed by 1.5-mm SAF), or the rotary XP-endo
shaper plus sequence (Group B: hand K-file 15/0.02, followed by the XP-endo shaper and the XP-endo
finisher).
2.1. Sample Selection and Preparation
The study and its design were approved by the Institutional Ethical Committee, College of Dental
Science and Hospital Rau, Indore, India (CDSH/IEC/2019-2020/006).
Based on a previously conducted study [5], a power calculation was performed using G*Power 3.1
software (Heinrich Heine University, Dusseldorf, Germany). The calculation indicated that the sample
size for each group must be a minimum of 30 teeth. Sixty mandibular incisor teeth were acquired from
a pool of recently extracted teeth which were extracted for reasons not related to the present study.
Two radiographs were taken for each tooth from bucco-lingual and mesio-distal directions to confirm
a single straight root canal, a fully formed apex, no caries, no coronal restorations and no signs of
resorption. In addition, only teeth with long:short canal diameter ratios of ≥2.5 at 5 mm from the apex
were selected [17].
Standard oval endodontic access cavities were prepared, and a #10 K-file (Mani, Takanezawa,
Japan) was introduced into the canal until it was visible at the apical foramen. The working length
(WL) was established as 1 mm short of this length. For standardization of samples, the teeth with large
canals, wherein a #15 k-file reached freely to the apex, were excluded. The samples were also ground
coronally using a high-speed diamond straight fissure bur to further standardize all teeth to have a WL
of 18 mm.
2.2. Debris Collection Apparatus
Modified apparatus of Myers and Montgomery [18], proposed by Lu et al. [19], was used
in the current study for the quantitative evaluation of apically extruded debris during root canal
instrumentation. To summarize the modification; 150 Eppendorf tubes were pre-weighed to 10−5 g
precision using a microbalance (Sartorius Intec, Hamburg, Germany). Each tube was weighed three
consecutive times, and a mean was calculated and recorded.
A hole was created in the middle of the cap of a scintillation glass vial, and the tooth was inserted,
apex down, up to the cemento-enamel junction, and secured to the cap of the vial using Filtek Supreme
Flowable Composite (3 M/ESPE, St Paul, MN, USA). A 25-gauge needle was also placed and secured
in the vial cap to equalize the air pressure. A small holding socket was created on the bottom of the
glass vial using silicon impression material (Coltene/Whaledent, Langenau, Germany), which served
to hold and stabilize the Eppendorf tubes when the caps were fitted onto the vials. This was done
so that the apical end of the root was positioned inside the prepositioned Eppendorf tube. The teeth
with their vials were then randomly assigned to Groups A and B according to the instrumentation and
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debris collection protocols (see below). A Thermoline Dri-bath (Thermoline Scientific, Wetherill Park,
Austria) adapted with channeled aluminum blocks (Thomas Scientific, Swedesboro, NJ, USA) was
used to create a temperature-controlled environment that was adapted to 37 ◦ C. The vials were adapted
into the aluminum block and covered by a rubber dam to prevent the operator from viewing debris
extrusion during tooth preparation. The entire apparatus was handled by the outer vial alone.
2.3. Root Canal Instrumentation
2.3.1. Group A: Full SAF Sequence
Stage 1: Glide Path Preparation with Pre-SAF OS and Pre-SAF Files 1 and 2
In this primary stage, a glide path was prepared according to the manufacturer’s instructions
using a torque-limited electric endomotor (X-Smart Plus; Dentsply Maillefer, Ballaigues, Switzerland).
The pre-SAF OS was used as an orifice shaper at 600 rpm and 1.5 Ncm for the coronal 3 mm of the root
canal, which was followed by the Pre-SAF 1 (#15/0.02; 600 rpm and 1 Ncm) and pre-SAF 2 (#20/0.04;
600 rpm and 1.5 Ncm). The pre-SAFs 1 and 2 were used in 2–3 gentle pecking motions up to the WL.
The canals were irrigated after each instrument with 2 mL of distilled water using a syringe and a 28-G
needle (RC Twents; Prime Dental Products, Mumbai, India) with a total of 6 mL. At the end of the
preparation, root canal patency was confirmed with a size 10 K-file, followed by a final flush with 2 mL
of distilled water using a syringe and a 28-G needle.
Stage 2: Cleaning and Shaping with SAF 1.5 mm
The 1.5 mm SAF (21 mm length) was passively manually introduced into the canal up to the WL to
test the glide path. The root canal was then instrumented for 4 min using a pre-programmed EndoStation
(ReDent Nova) at a frequency of 5000 vibrations/min and an amplitude of 0.4 mm. A pecking motion
was used while the file reached the WL (according to the manufacturer’s instructions). Irrigation was
performed with distilled water, which was continuously provided through the hollow file by the
in-built VATEA peristaltic pump (ReDent Nova), at a flow rate of 4 mL/min, with a total of 16 mL.
2.3.2. Group B: XP-Endo Shaper Plus Sequence
Stage 1: Glide Path Preparation with a #15 Hand K-File
In this stage, the root canals were initially instrumented with a #15 hand K-file up to the working
length to create a glide path (according to the manufacturer’s instructions). The canals were irrigated
repeatedly, before and after the instrument, with 2 mL of distilled water using a syringe and a
28-G needle.
Stage 2: Shaping with an XP-Endo Shaper
Following glide path preparation with the hand K-file, the root canals were irrigated with 4 mL of
warmed distilled water (37 ◦ C) using a syringe and 28-G needle. This allowed the XP-endo shaper
(XPS; 21 mm) file to optimally work during the austenite phase. The XPS file was first placed passively
until resistance was struck, the tip was then retracted, and the endomotor was activated. The XPS file
was used at 800 rpm and 1 Ncm using a torque-limited electric endomotor (X-Smart Plus). The file was
used in long gentle strokes 4–5 times towards the WL (according to the manufacturer’s instructions).
If the file failed to reach the WL, the file was withdrawn and cleaned, the apical patency confirmed with
a 15 k-file, the canal was irrigated using warm distilled water (2 mL), and the file was reintroduced in
the canal and advanced further up to the WL. Once the WL was reached, the file was retracted, cleaned,
apical patency was verified, the canal was flooded with warm distilled water (2 mL), and the file was
used again for an additional 15 strokes up to the WL (according to the manufacturer’s instructions).
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Stage 3: Cleaning with XP-Endo Finisher
Following root canal instrumentation with XPS, the root canal was flooded with warm distilled
water (2 mL), the XP-endo finisher (XPF; 21 mm) was removed from its special plastic tube and the
rubber stopper was adjusted to WL, and the file was operated at 800 rpm and 1 Ncm using an X-smart
plus endomotor. The XPF was inserted to WL, the canal access cavity was filled with warmed distilled
water, and the instrument was operated in the canal for 60 s using gentle 7- to 8-mm-long in-and-out
strokes (according to the manufacturer’s instructions). This was followed by a final flush with 2 mL of
distilled water.
2.4. Debris Collection
Following each stage, the Eppendorf tube was removed from the vial and replaced with a new
one. The debris adhering to the apical root surface was collected by washing the root surface with 1 mL
of distilled water into the Eppendorf tube. A new Eppendorf tube was assigned to each tooth and each
instrumentation stage. This process resulted in 60 tubes for Group A (2 stages) and 90 tubes for Group
B (3 stages). The Eppendorf tubes were then stored in an incubator at 70 ◦ C for 5 days to evaporate all
moisture content before weighing the dry debris. Three consecutive weights were obtained for each
tube, and the mean value was calculated and recorded. The weight of the dried debris was calculated
by subtracting the weight of the empty tube from the weight of the tube containing the debris.
2.5. Statistical Analysis
The weights presented a normal distribution corroborated using the D’Agostino-Pearson normality
test. The amounts of extruded debris collected at each stage of Groups A and B were summed to
provide the total amount of debris. The weights of extruded debris in the two groups were analyzed
by applying the t test, whereas the stages within the groups were compared using a paired t test.
The level of significance for statistical analysis was set at 5%. All statistical analyses were performed
with Statistical Package for the Social Sciences version 20 for Mac (SPSS Inc., Chicago, IL, USA).
3. Results
In Group A (full-sequence SAF instrumentation), the mean weights of the debris extruded apically
were 0.568 ± 0.434 mg in Stage 1 (pre-SAF OS, pre-SAF 1, and 2) and 0.471 ± 0.267 mg in Stage 2
(SAF 1.5 mm). The amount of debris extruded apically by the 2 stages did not exhibit a significant
difference between them (p = 0.3014) (Figure 4).

Figure 4. Apical extrusion of debris by a full-sequence SAF system vs. XP-endo shaper plus sequence.
The total debris extrusion of Group B was significantly higher than that of Group A (p < 0.001).
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In Group B (XP-endo shaper plus sequence), the mean weights of the debris extruded apically
were 0.326 ± 0.077 mg in Stage 1 (hand K-file), 0.788 ± 0.203 mg in Stage 2 (XPS), and 0.752 ± 0.197 in
Stage 3 (XPF). The amount of debris extruded apically by the 3 stages exhibited a significant difference
between them (p < 0.01) (Figure 4). Similar weights of debris were extruded in Stages 2 and 3 (p = 0.488).
The total amount of debris extruded in Group A was significantly less (1.039 ± 0.185 mg) compared
to Group B (1.866 ± 0.289 mg) (p < 0.001). Distribution of the results is presented in Table 1.
Table 1. Weight of apically extruded debris (mg). Data distribution.
Full-Sequence
SAF
Stage 1

Full-Sequence
SAF
Stage 2

XP-Endo Shaper
Plus Sequence
Stage 1

XP-Endo Shaper
Plus Sequence
Stage 2

XP-Endo Shaper
Plus Sequence
Stage 3

Mean (SD)

0.568 (0.434)

0.471 (0.267)

0.326 (0.077)

0.788 (0.203)

0.752 (0.197)

Median

0.570

0.425

0.328

0.815

0.770

Minimum

0.340

0.310

0.200

0.110

0.340

Maximum
Percentiles

1.070

0.650

0.490

1.040

1.160

25

0.406

0.383

0.268

0.599

0.599

50

0.570

0.425

0.328

0.770

0.770

75

0.693

0.474

0.388

0.902

0.902

4. Discussion
The current ex vivo study was conducted to quantify and compare the amount of debris
extrusion that was caused during cleaning and shaping of oval-shaped root canals using two different
instrumentation systems specifically designed to perform in non-round root canals: the full sequence
SAF and the XP-endo shaper plus sequence.
Both instruments are made from NiTi alloy, but each using different characteristics of this unique
alloy. The SAF is made from a NiTi tube which is cut to the form of a delicate lattice, with a special
design that allows the instrument to be compressed from its 1.5 mm diameter to the dimensions of a
#20 K file. This ability is based on the design of the lattice, combined with the high flexibility of the
alloy and allows the file to adapt itself to any shape of root canal (Figure 3). It is used with pecking
motion and with every inward move it goes through such compression (above) and back to its original
form when moved outwards. The XP-endo shaper and finisher both use the extreme flexibility of the
NiTi alloy, which in their case is formed as a wire, but they also use the thermal transformation which
is unique to this alloy. These files have a more straight form at room temperature but when inserted
into the canal and attaining body temperature their form changes, enhancing their envelope of motion
when rotated, which allows them to enter and shape/clean irregular recesses of the root canal, such as
the oval canals that were used in the present study.
Evidence indicates that with any file system, dentine particles and other debris can often be
packed into the apical anatomical complexities and pushed beyond the apex with/by the attempts to
reach the WL [3,14]. Both instrumentation sequences that were tested in the present study did push
debris beyond the apical foramen.
Apical extrusion of debris by the full SAF sequence has been recently reported and was found
to be less than that extruded by ProTaper Next, followed by XP-endo finisher [3]. To the best of the
authors’ combined knowledge, the debris extrusion by the XP-endo shaper plus sequence is yet to be
reported in the literature. In the present study, the full-sequence SAF exhibited significantly less debris
extrusion compared to the XP-endo shaper plus sequence (p < 0.001). Thus, the null hypothesis had to
be rejected.
When the SAF alone was previously compared with WaveOne as to their pushing of debris
beyond the apex [14], glide path preparation was performed in both groups with #20 hand K files.
Nevertheless, debris extrusion during this first stage of instrumentation was not recorded and not
reported [14]. The present study took an approach similar to that of Kfir et al. [3], who reported that
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the contribution of the initial stage of glide path preparation to the total amount of debris extruded
during the procedure may be substantial. The present results are in agreement and support this notion:
the glide path preparation stage contributed 55% of the debris extrusion in the SAF group [3,11].
When the same concept was applied in the XP-endo shaper plus group, it was found that each part
of the procedure contributed its share to the total extrusion of debris. The XP-endo shaper and the
XP-endo finisher contributed 42% and 40% of the total amount of debris, respectively.
Both the SAF and XP-endo systems could be expected to cause debris extrusion, as both the SAF
and the XP-endo shaper and finisher are used with repeated pecking motions once/after they have
reached the working length. This approach is substantially different from rotary or reciprocating file
systems, in which once the WL is reached, the procedure is done. Both systems have another common
apparent problem: a potential difficulty to assure accurate working length. The SAF system is using
in-and-out vibrations with an amplitude of 0.4 mm, which, when added to the pecking motion applied
by the operator, may compromise the accuracy of the working length.
Both the XP-endo shaper, with its snake-like form, and the XP-endo finisher, with its whip-shape,
may become shorter or longer when expansion and contraction occur when they are rotated, with a
pecking motion, in the canal. Such inaccuracy in controlling the instruments at exactly the working
length may have contributed to the finding that both systems extruded measurable amounts of debris
beyond the apical foramen.
What could be the difference between the two file systems studied here that might explain the
difference in their extrusion of debris? One such difference could be the cross-section of the apical
part of the file. The guiding non-active part of the tip of the XP-endo shaper has a round cross-section,
while the tip of the SAF has a rectangular cross-section [10,20]. The operator of the XP-endo shaper is
directed by the manufacturer to perform 15 pecking motion strokes to the WL [12]. When the round
guiding tip of the XP-endo shaper is moved in-and-out within the round apical part of the canal, it may
act as a piston, pushing and extruding debris through the apical foramen. When the tip of the SAF
is compressed into the round apical part of the canal with a 0.2-mm diameter, which was prepared
during glide path preparation, it assumes a rectangular cross-section of 0.12 × 0.16 mm (two layers of
its longitudinal beams, each with a cross-section of 0.12 mm by 0.8 mm) [10,20]. This rectangular part
is changing its circular position continuously, thus maintaining the apical part of the canal in its round
cross-section. When this rectangular tip of the file is moving in-and-out in the circular apical part of
the canal, it does not act as a piston, as 40% of the cross-section of the canal is always free for back
flow [10,20]. This difference may partially explain the difference in extrusion of debris.
Another difference between the two file systems is that the XP-endo shaper plus sequence is used
with intermittent irrigation, using syringe and needle between file applications. In contrast, in the
SAF system, irrigation is continuous, as the irrigant is delivered into the root canal through the hollow
file throughout the operation. It could be that such continuous irrigation, which carries the debris
coronally and out of the canal, better prevents the accumulation of debris, thus reducing the tendency
to push such accumulated debris through the apical foramen.
A limitation of the present study was that there was no element representing the resistance of the
periapical tissues to extrusion of debris. Uslu et al. [16] used 1.5% agar gel for such representation,
but in such a method, only the total amount of extruded debris can be quantified. Since the present
study was aimed to analyze the contribution of each stage of instrumentation to the amount of extruded
debris, such a system was not applicable. Therefore, the present results may have to be considered as
comparative values between the two systems, rather than as absolute amounts of debris.
Further studies are required to find ways and methods of instrumentation that will prevent or
minimize the extrusion of debris during root canal instrumentation, but such studies should include
all steps of the procedure, including initial glide path preparation.
5. Conclusions
Within the limitations of the current study, the following conclusions may be drawn:
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Both instrumentation sequences resulted in apical extrusion of debris from oval-shaped root
canals of mandibular incisors.
Each of the different stages of root canal instrumentations made their own contribution to
debris extrusion.
The XP-endo shaper plus sequence extruded significantly more debris than the full SAF sequence.
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