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Abstract
Aim: Apical extrusion of debris during root canal preparation can lead to inflammation, flare-ups, and 
delayed recovery. Therefore, instrumentation techniques that minimize debris extrusion are crucial. This 
study aimed to compare the apical extrusion of debris by four single-file, full-sequence rotary systems with 
different tapers.
Methods: In this in vitro study, 68 human maxillary lateral incisor teeth with identical root lengths and 
canal curvatures of less than 10 degrees were used. The teeth were randomly assigned to four experimental 
groups (n = 17) based on the instrument type: One-Shaped (25, 0.06), 2-Shaped (25, 0.04), Hyflex (25, 
0.08), and Neoniti A1 (25, 0.08). Canal preparation was performed according to the manufacturer’s 
instructions for each file. Extruded debris was collected in pre-weighed vials, and after drying in an 
incubator, the amount of debris was determined by measuring the weight difference of the vials before and 
after preparation. Data were analyzed using SPSS 20, with a one-way analysis of covariance (ANOVA) and 
Tukey’s post hoc test at a significance level of 0.05.
Results: The amount of extruded debris in the One-Shaped file was significantly higher than the extruded 
debris amount in Neoniti A1 (p = 0.049), Hyfex (p = 0.013), and the 2-Shaped file (p = 0.003).
Conclusions: The null hypothesis was not invalidated due to significant differences in debris extrusion 
between the instruments observed in the present investigation. Within the limitations of the present study, 
the One-Shaped file was associated with higher debris extrusion due to the taper design and other system-
specific characteristics. Clinical studies are required to assess whether these findings have an impact on the 
clinical outcome.
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Introduction
Successful endodontic treatment depends on thorough chemomechanical preparation of the root canal 
system, which aims to eliminate bacteria and necrotic tissue [1]. During this preparation process, dentinal 
debris and pulpal tissue, which may contain microorganisms, can be irrigated and enter the periradicular 
tissues [2, 3]. These substances can cause inflammation and flare-ups and compromise treatment outcomes 
[4]. Flare-ups characterized by pain and/or swelling can occur in 1.5% to 5.5% of root canal treatments and 
may increase to 50% during or a few days after treatment, often leading to unscheduled visits [5, 6]. 
Consequently, minimizing apical extrusion is a critical objective in endodontic instrumentation.

At present, all canal preparation methods are associated with the extrusion of infectious debris into 
periapical tissues, but the amount of extruded infectious debris varies by the preparation techniques and 
file design [7, 8]. Rotary nickel-titanium (NiTi) instruments have revolutionized endodontic practice, 
offering enhanced efficiency and predictability compared to traditional hand instrumentation [9]. These 
systems employ various design features, including different tapering profiles, which influence their cutting 
efficiency and debris management [10]. Tapering, the gradual increase in instrument diameter from the tip 
to the shaft, plays a crucial role in shaping the root canal and facilitating debris removal. In 2008, a new 
rotary instrumentation technique was introduced in which, instead of using sequence files, it used a single 
file to shape the canal [11], claiming that these single-file systems caused an improvement in shaping and 
had a lower debris extrusion rate [12]. Today, various commercial single-file systems are available with 
different tapering, including Hyflex (Coltène/Whaledent, Altstätten, Switzerland) and Neonit A1 (NEOLIX, 
Châtres-la-Forêt, France) with 0.08 tapering that is made with CM-wire technology; a feature that enables 
us to control material memory, flexibility, and high resistance to cyclic fatigue [13]. One-Shaped file (Micro-
Mega, Besançon, France) with 0.06 tapering has a triangular cross-section in the apical area and two cutting 
edges in the coronal region, and this gradual change from apical to coronal leads to its optimal cutting 
performance [14]. The 2-Shaped file (Micro-Mega, Besançon, France) is made with T-wire technology and 
has 0.04 tapering and an asymmetric cross section, and its high flexibility leads to optimal negotiation of the 
canal curvatures [15]. The influence of varying taper designs on apical debris extrusion remains a subject of 
ongoing investigation, and previous studies reported different results. In one study, after comparing the 
amount of extruded apical debris by single-file systems, no significant difference was observed between the 
Reciproc system [the R25 instruments (VDW, Munich, Germany)] and a medium Wave One instrument 
(Dentsply, Maillefer, Ballaigues, Switzerland) [16]. While in another study, the Wave One Gold system 
(WOG; Dentsply Maillefer, Ballaigues, Switzerland) showed a lower average value of apically extruded 
debris compared to the Neoniti A1 system (Neolix, Châtres-la-Forêt, France) [17]. On the other hand, one of 
the prerequisites to prevent post-treatment flare-ups is the reduction of extruded apical debris. The 
preparation process is simplified by preparing the channel with only one file instead of using multiple file 
systems [12]. In addition, the suggestion for using these files exclusively is advantageous in reducing cyclic 
fatigue, file breakage, work time, cost, and cross-contamination among patients, which is a common 
problem with sequential files [18–20].

Given the increasing trend of using rotary systems and the unique advantages of using single-file 
systems in improving root canal treatment results compared to multi-file systems, especially on apical 
debris extrusion, this study evaluated different rotary single files in vitro to assess their effectiveness in 
minimizing apical debris extrusion. We quantified and compared apical debris extrusion by focusing on 
four common tapering designs in single-file NiTi rotary systems (One-Shaped, 2-Shaped, Hyflex, and Neoniti 
A1) to determine the optimal treatment option for reducing debris in the periapical region. The null 
hypothesis was that there is no difference between these file systems in the apical extrusion of debris.

Materials and methods
Study design and statistical population

In this in vitro experimental study, using a simple random sampling method, 68 single-canal teeth extracted 
due to periodontitis or orthodontic reasons in the Surgery Department of the Dentistry School of Zahedan 
University of Medical Sciences in 2020 were selected.
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Sample size and sampling

Considering the mean and variance of the amount of apical debris extrusion in different conditions in 
previous studies [21, 22], and considering α = 0.05 and β = 0.2, and using the following equation, the sample 
size was estimated to be 17 teeth in each group.

n = [Z1−α 2 + Z1−β]
2 × (S12 + S22)

d2
= 5648

182
≈ 17

Inclusion and exclusion criteria

Eligible teeth had closed apices, a single root canal, a length of approximately 15 mm, a canal curvature of 
less than 10 degrees, and no caries, restorations, resorption, previous endodontic treatment, or signs of 
infection. Teeth with cracks and dentinal defects were excluded after examination by a dental operating 
microscope (OPMI Pico, Carl Zeiss, Göttingen, Germany) under × 20 magnification.

Random allocation

To balance the number of samples allocated to each of the study groups, the selected teeth were randomly 
divided into four experimental groups (n = 17 each) using a randomized block sampling method. For 
random allocation, 17 blocks were created using Excel software, with each block containing one sample 
from each group (A: One-Shaped, B: 2-Shaped, C: Hyflex, D: Neoniti A1). At each stage, a random block was 
selected to allocate the teeth into one of the four groups. This process continued until the sample size was 
completed.

Teeth preparation and root canal shaping

The eligible teeth were stored in 0.5% chloramine T solution for 48 hours, followed by storage in distilled 
water at 4°C. After cleaning and debridement with a periodontal scaler, the crowns were sectioned to a 
length of 15 mm. The working length (WL) was established 1 mm short of the apical foramen using a #10 K-
file (Mani, Tochigi, Japan). Radiographs were taken from the buccal and proximal views to confirm the WL 
and assess the degree of canal curvature using Schneider’s method [23].

Root canal preparation was performed by an experienced operator using a rotary motor (VDW Silver, 
Munich, Germany) according to the manufacturer’s recommendations. The apical preparation size for all 
groups was set to #25. Canals were irrigated with 5 mL of double-distilled water during preparation, and 
1 mL of water was used as the final irritant, with the irrigation needle inserted 1 mm from the WL.

The standard access cavity was prepared by a diamond fissure bur (Diatech, Coltene Whaledent, 
Altstetten, Switzerland) with a high-speed handpiece under air-water spray cooling. The crowns were 
sectioned such that all specimens had a length of 15 mm from the root apex. A stainless-steel #10 K-file 
(Mani, Tochigi, Japan) was inserted into the canals for established apical patency. The file with a rubber 
stopper was carefully introduced into each canal until it was just visible at the apical foramen. The WL of all 
teeth was established as 1 mm short of this measurement. A #15 K-file was inserted into the WL of the 
canal, and teeth that had a snug fit in their WL were selected, so the initial diameter of the apical foramen 
was similar and the size of #15 K-file (Mani, Tochigi, Japan). The teeth were radiographed by digital 
radiography (EZ Sensor; Vatech, Hwaseong, Republic of Korea) from the buccal and proximal view to 
confirm the WL, one canal, a single foramen apical, and determine the degree of canal curvature. Teeth with 
a curvature of fewer than 10 degrees were selected according to Schneider’s method [23].

Root canal preparation

The process of cleaning and shaping was done by an experienced operator. The apical preparation size of all 
canals was #25, and all preparations were done with a Silver Reciproc electric motor (VDW, Munich, 
Germany). During each instrument, canals were irrigated with 5 mL of double-distilled water with a side-
vented needle syringe (0.3 × 25 mm, Endo-Top, Cerkamed, Stalowa Wola, Poland), and 1 mL of water was 
used as the final irritant. The irrigation needle was inserted within 1 mm of the WL by using slight hand 
vibration and up-and-down motion.
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No glide path was created because the initial size of all the canals was equal to the #15 K-file. Each 
single-file instrument was used for only three canals, and all instruments were used following their 
manufacturers’ recommendations. After using each instrument, they were cleaned with damp gauze, and 
the time to use each file was the same after reaching the WL. The instrumentation was performed as 
follows.

Instrumentation protocol

Group A (One-Shaped): 25/0.06, 400 rpm, 4 Ncm torque.•

Group B (2-Shaped): 25/0.04, 300 rpm, 2 Ncm torque.•

Group C (Hyflex EDM): 25/0.08, 500 rpm, 2.5 Ncm torque.•

Group D (Neoniti A1): 25/0.08, 350 rpm, 1.5 Ncm torque.•

Each instrument was used in only three canals, and all instruments were cleaned with damp gauze 
after use to prevent contamination. The same time duration was maintained for each file.

Collection of extruded debris

In this study, Eppendorf tubes (Eppendorf India, Chennai, India) were used to collect debris according to 
the Myers and Montgomery method [24]. Initially, the initial weight of each tube without a stopper was 
measured 3 times by electronic analytical balance (Sartorius AG, Göettingen, Germany) with an accuracy of 
10–4 g, and their mean was considered as the initial weight of the tube. To prevent the effect of dust and 
glove powder on the weight of the tubes, the tubes were fixed on a penicillin vial, and metal foil was 
wrapped around them. A 27-gauge needle (Max-i-Probe, Dentsply-Rinn, Elgin) was inserted into the 
stopper to balance the air pressure inside and outside of the tube. After preparing the canals, the debris 
adhering to the root surface was washed and collected with 1 mL of distilled water. The tubes were 
incubated at 70°C for 5 days so that the irrigation fluid (distilled water) evaporated. The secondary mass of 
the tubes was measured 3 times by Electronic Balance, and their mean was calculated. Primary means were 
subtracted from the secondary means, and the mass of the apical debris extruded during preparation was 
calculated, and the resulting values were analyzed.

Statistical analysis

Data were analyzed using SPSS version 20 (SPSS, Chicago, IL, United States). One-way analysis of variance 
(ANOVA) was used to compare the groups, and Tukey’s post hoc test was applied for pairwise comparisons, 
with a significance level set at p < 0.05.

Ethical consideration

The study was approved by the ethics committee of Zahedan University of Medical Sciences 
(IR.ZAUMS.REC.1398.061 on 2019-04-29). Informed consent was not required as the study utilized medical 
waste.

Results
Based on the study results, the amount of extruded debris in the One-Shaped file was significantly higher 
than in the other three files (p = 0.006) (Table 1).

A pairwise comparison of investigated files by Tukey’s post hoc test showed that there is no significant 
difference between the amount of extruded debris in Neoniti A1, Hyflex, and 2-Shaped files. While the 
amount of extruded debris in the One-Shaped file was significantly higher than the extruded debris amount 
in Neoniti A1 (p = 0.049), Hyfex (p = 0.013), and the 2-Shaped file (p = 0.003) (Table 2).
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Table 1. Amount of apically extruded debris (milligrams) by each rotary system (n = 17)

Study group Debris extrusion, mean (SD)

One-Shaped group (n = 17) 0.0018 (0.00077)
2-Shaped group (n = 17) 0.0005 (0.00253)
Hyflex group (n = 17) 0.0010 (0.00074)
Neoniti A1 group (n = 17) 0.0013 (0.00082)
p-value* 0.006
SD: standard deviation; * one-way ANOVA; ANOVA: analysis of covariance

Table 2. Pairwise comparison of investigated files in terms of extruded debris

Pairwise comparison

(I) (J)

Mean difference (I–J) p-value

Neoniti A1 Hyfex 0.00034 0.122
Neoniti A1 One-Shaped –0.00048 0.049
Neoniti A1 2-Shaped 0.00084 0.306
Hyfex One-Shaped –0.00082 0.013
Hyfex 2-Shaped 0.00050 0.454
One-Shaped 2-Shaped 0.00132 0.003

Discussion
One of the most significant complications of apical extrusion is an interappointment flare-up, which is 
characterized by bone resorption, edema, and postoperative pain [25]. It was considered as root treatment 
failures, which is undesirable for both patients and dentists. The type of instrument is a significant factor 
that affects the amount of extruded debris [6, 26]. The findings of this study, which compared the apical 
extrusion of debris by four single-file, full-sequence rotaries with different tapering, indicated that different 
single-file instruments had different amounts of apical debris extrusion. The null hypothesis that there was 
no difference between the instrumentation systems was rejected. The One-Shaped file (0.06 taper) 
produced the most debris, while the Neoniti (0.08 taper), Hyflex (0.08 taper), and 2-Shape (0.04 taper) files 
showed significantly lower and comparable amounts. These results are consistent with previous studies 
indicating that all rotary systems—whether utilizing rotational motion, reciprocal motion, or manual 
techniques—can lead to extrusion [27–30]. Furthermore, these findings indicate that taper alone does not 
determine debris extrusion; other design features, including cross-section, pitch length, and helical angle, 
also play a role in this phenomenon [31, 32].

The Neoniti file, despite having a higher taper (0.08), extruded less debris compared to One-Shaped 
(0.06). This may be due to its variable pitch design, which reduces screwing effects and enhances coronal 
debris transportation. In contrast, One-Shaped has a constant pitch and helical angle, potentially facilitating 
more debris accumulation in the apical region [33]. It has been demonstrated that successful endodontic 
treatment can be achieved by properly handling engine-driven NiTi systems with enough antimicrobial 
irrigation [34]. Similarly, the Hyflex file demonstrated low debris extrusion, possibly due to its controlled 
memory (CM) NiTi alloy, which increases flexibility and reduces cutting aggressiveness [35].

Similar to the results of our study, Singbal et al. (2017) [31] showed that the amount of debris 
extrusion in the One-Shaped file was higher than in the Neoniti file. Based on the previous results, the One-
Shaped file in comparison with other instruments (except Neoniti file), such as Wave One [32], other single 
file systems (Reciproc and F360), and the multi-file system (Mtwo, Reciproc file) [14], full sequence 
systems with rotational motions (Protaper universal) and reciprocation (Reciproc R25 and Wave One 
Primary) motions [36] did not show the advantage in the amount of extruded debris. The reason for these 
different results may be due to the variability in the type of compared instruments, the variability in the 
tapering of the files or the unique kinematic design of each file [37] such as pitch length, helical angle, cross-
section and the rate of file contact with the canal walls and the speed used for each instrument. Endodontic 
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files with a greater taper are thought to cause more apical debris extrusion because they remove more 
dentin during root canal preparation. The larger diameter and pronounced taper create more space for 
dentin chips and debris, which can then be pushed apically [3, 17, 38]. In the present study, this hypothesis 
was not proven because the One-Shaped file with 0.06 tapering had more debris extrusion than the Neoniti 
and Hyflex files with 0.08 tapering. Also, it is stated that the effect of pitch length and an increase in the 
variable pitches reduces the tendency to screw and also reduces the helical angle, hence causing a reduction 
in debris extrusion. On the other hand, the One-Shaped and Neoniti files had more debris extrusion 
compared to the other files in the study, though the taper of Neoniti (0.08) is higher than the One-Shaped 
(0.06), the presence of greater variable pitches in Neoniti, which forms between 2.25–6.00 mm of the file 
length, comparable to the constant pitch in One-Shaped, causes less debris extrusion in Neoniti [39].

Files with constant helical angles (like One-Shaped) increase the accumulation of debris, while varying 
helical angles enhance the removal of debris more efficiently. Neoniti files have a variable helical angle of 16 
to 28 degrees from the tip [40]. On the other hand, the three-point contact of the blades at the tip of One-
Shaped with the triangular cross-section will lead to more production of debris compared to the rounded 
tip of the Neoniti with the non-homothetic rectangular cross-section and its two-point contact [31].

The Neoniti and Hyflex systems are made of CM NiTi wires and by the thermal treatment process of 
conventional NiTi wires [35]. In the present study, the debris extrusion in Hyflex was less than that of 
Neoniti without a significant difference. Similar to our study, Labbaf et al. [41] in their study concluded that 
the amount of debris extrusion in the Hyflex is significantly less than in Neoniti. Unwinding of the spirals in 
the Hyflex file occurs during the instrumentation, this phenomenon may lead to a decrease in the cutting 
ability and consequently reduce the production of debris and its subsequent extrusion [41]. In another 
study that analyzed the amount of debris extrusion of the three Wave One Gold, RECIPROC Blue, and Hyflex 
EDM systems in 2020, Elashiry et al. [42] concluded that the highest amount of debris extrusion was for the 
Hyflex file. The reason for this difference can be attributed to the type of tooth studied.

Among all tested files, the 2-Shaped system (0.04 taper) exhibited the least debris extrusion. Its 
asymmetric cross-section reduces wall engagement and provides more space for coronal debris 
displacement [15, 43]. Furthermore, it operates at the lowest rotational speed (300 rpm), which may also 
contribute to reduced extrusion compared to higher-speed instruments like Hyflex (500 rpm) [42].

The speed used for each instrument was adjusted according to the manufacturer’s instructions, and 
among the files, the highest and lowest speeds used were for Hyflex (500 rpm) and 2-Shaped (300 rpm) 
files. Similar to the results of this study, previous studies have shown that as the speed increases, the 
instrument-cutting efficiency increases [44, 45] and, consequently, the amount of debris extrusion may 
increase.

In this study, the type and amount of irritants were the same in all groups. Distilled water was used for 
irrigation instead of sodium hypochlorite to avoid sodium crystallization and an unwanted increase in 
weight of the extruded debris [14]. Curvature and the presence of more than one canal are among the 
factors that may affect the final extrusion of debris [46]. Hence, in the present study, to reduce the variables 
that may distort the results of the study, single-canal teeth were used that had a curvature of less than 10 
degrees.

Overall, the amount of extruded debris in this study was not high, which can be attributed to the type of 
root used. The canal of the maxillary incisor teeth is single and wide, and can limit the pumping effects 
during file entry, and hence, debris extrusion decreases [47]. The WL was determined to be one millimeter 
shorter than the apical foramen and was confirmed by radiography. When the WL is considered up to the 
apical foramen or even passes it a bit, in comparison to when it is shorter for 1 mm, the amount of debris 
that is extruded increases [24, 48, 49].

This study had some limitations and strengths. The main limitations that affect the results 
generalization are: (a) despite calculating the ideal sample size, studies with larger sample size may provide 
more statistical power, (b) the nature of the study (in vitro), which does not fully replicate the dynamic 
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environment of a clinical setting, where periapical tissues can act as natural barriers against debris 
extrusion [21], and (c) tooth selection was restricted to single-rooted teeth with < 10° curvature, which 
may not reflect more complex root canal anatomies encountered in clinical practice. Despite these 
limitations, the standardized methodology, including the use of consistent irrigation protocols, WL 
measurements, and instrument handling, minimized confounding variables. Additionally, four different 
tapering designs were analyzed, providing a broad comparison of debris extrusion patterns across various 
systems. The precision in measuring debris extrusion further enhanced the reliability of the findings.

Generally, the results of this study highlight that file design characteristics beyond tapering, such as 
cross-section and pitch variability, significantly impact debris extrusion levels. Therefore, dentists should 
consider all aspects of selected single files to minimize debris extrusion, improve root canal treatment 
outcomes, and help patients keep their natural teeth for longer periods, thereby postponing the need for 
dental replacements like implants. In addition, future research should explore the impact of torque and 
speed variations on extrusion rates, as well as conduct in vivo studies to confirm these findings under 
clinical conditions. Additionally, the role of different irrigation techniques in debris management should be 
further investigated.

In conclusion, the null hypothesis was not invalidated due to significant differences in debris extrusion 
between the instruments observed in the present investigation. Within the limitations of the present study, 
the One-Shaped file was associated with higher debris extrusion due to the taper design and other system-
specific characteristics. Clinical studies are required to assess whether these findings have an impact on the 
clinical outcome.

Abbreviations
ANOVA: analysis of covariance
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